Assessment of Groundnut Rosette Virus Disease Transmitted by Aphid Insect-vector (Aphis craccivora Koch) as Influenced by Sowing Dates in Nigerian Southern Guinea Savannah 


ABSTRACT
[bookmark: _GoBack]Background: Groundnut rosette virus (GRD) is a major constraint to groundnut production in Sub-Saharan Africa, causing significant yield losses. The disease is transmitted by aphids and can cause up to 100% yield loss if infection occurs before flowering. Objective: The study aimed to determine the influence of early sowing dates on the incidence and severity of groundnut rosette virus disease. Methodology: The study was conducted at the Teaching and Research farm of the Federal University of Agriculture, Makurdi, Benue State, Nigeria, during the 2015 and 2016 cropping seasons. The 4mx 2m x 3m factorial experiment containing 24 treatment combinations (Four sowing dates- Mid-May, Late-May, Mid-June and Late-June / Two groundnut varieties- Gyadan-Mandawa and Samnut-14 / Three replications) was laid out in a randomised complete block design (RCBD) in a land area of 49m x 8m=392m2.  Results: The assessment results revealed that early sowing dates significantly influenced rosette virus disease by lowering the incidence from 20 to 30 days after sowing (DAS) in 2015 and from 20 to 40 DAS in 2016, respectively. Those plants sown early in Mid-May and Late-May exhibited lesser disease incidence compared to those sown in Mid-June and Late June from 20 to 30 DAS and from 20 to 40DAS in 2015 and 2016 cropping seasons, respectively. The influence of groundnut varieties on disease incidence was significantly different only from 20 to 30 DAS in 2016, but not from 20 to 40 DAS in 2015. Samnut-14 recorded lower disease incidence compared to Gyadan-Mandawa, which had higher disease incidence at 20 and 30 DAS, respectively, in 2016. The influence of early sowing dates on the severity of the disease was significantly different from 40 to 70 DAS in 2015 and at 40, 50 and 70 DAS in 2016 accordingly. Those plants grown early in Mid-May and Late-May recorded lesser disease severity compared to those sown in late Mid-June and Late June in the two cropping season respectively. Conclusion: The study showed that among the groundnut varieties, Samnuut-14 recorded lower disease severity compared to Gyadan-Mandawa, which exhibited higher disease severity at 40, 60 and 70 DAS in 2015 and from 40 to 70 DAS in 2016, respectively. Therefore, an early sowing date could be strategically used for the management of groundnut rosette virus disease in this region because of its eco-friendliness and economic feasibility. 
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1. INTRODUCTION
Groundnut (Arachis hypogaea L.) is cultivated in several African countries where it is a major source of food, feed and income. One of the major constraints to groundnut production in Africa is groundnut rosette disease (GRD), which is caused by a complex of three agents: groundnut rosette assistor luteovirus, groundnut rosette umbravirus and its satellite RNA (Achola et al., 2023; Dutta & Kumari, 2023). GRD is an economically important disease transmitted by an aphid (Aphis craccivora Koch Homoptera Aphididae). It is one of the major biotic production constraints of groundnut that frustrates the efforts of groundnut farmers in Nigeria. The disease is called “kwuturutukan gyada”, which means “groundnut leprosy” among the Hausa-speaking tribe in the northern parts of Nigeria. The insect is the only effective vector that can transmit groundnut rosette virus disease agents efficiently (Haciwa and Kannaiyan 1990). An entomological study has shown that insects are intimately involved in facilitating the initiation and development of many plant diseases (Almeida et al., 2015). Virtually, all aphids such as Green peach aphid, Cowpea aphid, Melon aphid, Aphis gossypii and Myzus persicae are generally involved as efficient vectors for virus transmission from one plant to another plant, such as potatoes, citrus, peppers, okra, cuccumber and varieties of ornamental plants (Henry et al., 2002; Tajashwani et al., 2019). 
It is the most destructive viral disease of groundnut in Sub-Saharan Africa (Reddy 1984), and can cause the most significant yield losses (Sudini et al., 2015). The disease is polycyclic in nature, and the winged aphids are the disease carriers from infected plants to healthy plants (Thresh, 2003). The rosette virus foliar disease symptoms vary. Reddy (1984) reported three notable groundnut rosette diseases, which include groundnut chlorotic rosette (GCR), groundnut mosaic rosette (GMR), which are predominant in Eastern and Southern Africa and ground green rosette (GGR), which appears to be restricted to West Africa. Subrahamanyam and Mamba (1993) reported that both chlorotic and green rosettes were present in all the fields visited in Sidvokodvo with over 50% disease incidence. Visible symptoms of the disease include stunted growth, shortened nodes responsible for the bushy appearance of the infected plants and small-sized leaves (James et al., 2023). According to them, the green rosette is the most common and destructive viral disease of groundnut in West Africa. Bock et al. (1990) stated that the disease is caused by three agents, which are groundnut rosette virus (GRV), a satellite RNA of GRV and groundnut rosette assistor virus (GRAV). The complex interaction of these agents in causing the disease makes it a unique and fascinating virus disease whose origin and perpetuation in nature still remain inconclusive (Waliyar et al, 2007). 
In a severe case, the occurrence of the disease symptoms either separately or in combination can cause as much as 100% loss in pod yield if the infection occurs before flowering (Naidu et al., 1999; Okello et al., 2010, Training Manual for Trainers, 2011; Tabe-ojong et al., 2022). Nigam et al. (2012) reported that the disease contributed to an annual loss of USA $156 million across Africa. In Nigeria, about 0.7 million hectares of the crop were destroyed, which resulted to loss of over 137 million naira during the rosette epidemic in some Western African countries in 1975. The circulation of released resistant varieties is limited; spraying of exorbitant chemicals is not economically feasible and equally not common practice among the poor-resourced groundnut farmers in Nigeria. Early sowing could be a viable alternative to synthetic pesticides since it is affordable and can easily be manipulated. The objective of this research was to assess the influence of early sowing dates in the management of groundnut rosette virus disease in the Nigerian Southern Guinea Savannah.
2. MATERIALS AND METHODS
2.1 Site of the Experiment
The experiment was carried out in 2015 and 2016 cropping seasons at the Teaching and Research farm of the Crop and Environment Protection, College of Agronomy, Federal University of Agriculture Makurdi, Benue State, Nigeria which has been recently renamed as Joseph Sarwuan Tarka University, Benue State. 
2.2 Design of the experiment and treatment combinations
The factorial experiments of 4m x 2m were laid out in a randomised complete block design (RCBD) and replicated three times in a cleared and prepared land area of 49m x 8m=392m2. The four sowing dates, T1=15 Mid-May, T2=30th Late-May, T3=14th Mid-June and T4=29th Late-June and groundnut varieties Gyadan-Madawa (V1) and Samnut-14 (V2) made up the 24 treatment combinations. The groundnut variety seeds were assigned in the main-plot, each measuring 15m x 2m (30m2), while the four different sowing dates were assigned in the sub-plots, each measuring 3 x 2m (6m2) with four ridges. 1m spacing was  between the main plots and sub-plots, respectively, as a walking alley. 
2.3 Sowing of groundnut Seeds
Two seeds per-hole were sown at a spacing of 20cm within rows and 75cm between rows. Weeding of the experimental plots was done at regular interval and no chemical was applied throughout the period of the study. 




2.4 Methods of data collection
2.4.1Incidence of rosette virus (%) 
Leaf disease incidence was assessed at 20, 30 and 40 days after sowing (DAS) by counting the number of plants showing the virus symptoms in the net-plot and dividing by the total number of plants in the net plot and multiplying by 100 using as follow formula: 
Disease incidence =  X
2.4.2 Severity of rosette virus disease (%) 
The severity of groundnut rosette virus was assessed at 40, 50 and 60 DAS. Five (5) plant stands were selected at random in each net-plot and the disease severity was scored using adopted disease severity scale of 1 to 8 in an increasing order as follows: 0 – 0% leaf area with no disease symptoms, 1 = 1 to 10% leaf area covered with disease symptoms,2 = 11 to 20% leaf area covered with disease symptoms,3 = 21 to 30% leaf area covered with disease symptoms, 4 = 31 to 40% leaf area covered with disease symptoms, 5 = 41 to 50% leaf area covered with disease symptoms, 6 = 51 to 60% leaf area covered with disease symptoms, 7 = 61 to 70% leaf area covered with disease symptoms, 8 = ≥ 71% leaf area covered with disease symptoms. The disease severity at each stage was computed using the formula below: 
Severity of rosette virus disease =    n   x  100
                                            			N x 8 
Where n = Summation of scores of the assessments
N = the number of plants assessed, and
8 = highest severity score.
2.4.3 Insects collection and identification  
The observed insects were carefully collected and kept inside a separate clean glass bottle with a perforated cover and taken to the laboratory for proper identification using a book manual by Neil et al. (2004). The insects were snapped using a sensitive digital camera, and the macrographs were cropped

2.4.4 One thousand seeds weight (gm.) 
At the physiological maturity stage, the groundnut stands in the net plots were harvested, the pods were picked, sun-dried, unshelled separately, one thousand seeds were hand-picked at random per net-plot yield and weighed in grams using a sensitive electronic weighing scale model (Sartorius 6MBH Gottingen-Type Fabr-Nr.) in the Plant Pathology laboratory
 2.5 Statistical data analysis 
Two-way analysis of variance (ANOVA) was applied in analysing all data generated using Statistical analysis software package version 9.1 (SAS). The means were separated using Duncan’s New Multiple Range Test (DNMRT) at 5% probability level (Obi, 2002).
3. RESULTS 
3.1 Disease incidence 
The incidence of groundnut rosette virus disease as influenced by sowing dates, varieties and their interaction at 20, 30 and 40DAS in 2015 and 2016 cropping seasons is presented in Table 1.
In the first cropping season, the results showed that the sowing dates had a significant influence on rosette virus disease incidence at 20 DAS and 30 DAS but did not at 40 DAS. The result revealed that those plants sown in Mid-May and Late-May recorded lower disease incidence from 20 to 30 DAS, whereas those plants sown in Mid-June and Late-June recorded higher disease incidence with 24.5% and 27.7% at 20 DAS, and 30.7% and 33.2% at 30 DAS, respectively. But the influence of varieties and the interaction between sowing dates and varieties on disease incidence was not significantly different (P ≤ 0.05) from 20 to 40 DAS. 
In the second cropping season, the results indicated that the influence of sowing date on disease incidence was significantly different from 20 to 40 DAS, while the influence of varieties on disease incidence was only significantly different from 20 to 30 DAS but was not at 40 DAS. The interaction effect between sowing dates and varieties on disease incidence was significant only at 30 DAS but was not significantly different (P ≤ 0.05) at 20 DAS and 40 DAS. Results showed that those plants sown in Early-May and Late-May recorded moderately lower disease incidence from 20 to 40DAS, respectively, compared to other sowing dates. The highest rosette incidence of 18.08%, 27.35% and 33.92% were recorded at 20, 30 and 40 DAS from those groundnut plants sown in Late June, but which were statistically similar to those plants sown in Mid-June, respectively. Among the two groundnut varieties, Gyadan-Madawa recorded the highest disease incidence with 19.37% and 28.04%, whereas Samnut-14 had lower disease incidence with 12.50% and 19.34% at 20 and 30 DAS, respectively.
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Table 1 Influence of sowing dates and varieties and their interaction on the incidence of groundnut rosette    virus disease at 20, 30 and 40 DAS in 2015 and 2016 cropping seasons
	
	                   Incidence of Groundnut Rosette Virus

	
	2015
	                 2016

	Treatments
	20DAS
	30DAS
	40DAS
	20DAS
	30DAS
	40DAS

	Sowing Dates
Mid-May
	
20.07
	
23.8
	
36.2
	
13.55
	
20.02
	
27.56

	Late-May
	19.27
	16.8
	37.1
	15.19
	21.78
	27.64

	Mid-June
	24.54
	30.7
	41.9
	16.93
	25.62
	33.42

	Late-June 
	27.72
	33.2
	49.4
	18.08
	27.35
	33.92

	LSD 
	4.920*
	7.09*
	NS
	3.885*
	3.344*
	5.599*

	CV
	42.40
	69.56
	20.93
	30.51
	34.91
	28.08

	Varieties
	
	
	
	
	
	

	Gyadan-Madawa
	27.08
	33.9
	41.1
	19.37
	28.04
	31.80

	Samnut-14
	18.72
	18.4
	50.7
	12.50
	19.34
	29.47

	LSD
	NS
	NS
	NS
	2.622*
	6.849*
	NS

	CV
	14.7
	22.5
	14.5
	4.7
	8.66
	6.9

	Inter: Sowing Date X Varieties
	
	
	
	
	
	

	Gyadan-Madawa
	24.20
	31.1
	36.2
	15.67
	20.92
	29.15

	Mid-May
	19.70
	20.7
	37.1
	19.11
	24.21
	29.98

	Late-May 
	29.64
	40.1
	41.9
	21.33
	33.17
	34.98

	Mid-June
	34.78
	43.5
	49.4
	21.34
	33.88
	33.09

	Late-June
	15.93
	16.4
	57.0
	11.43
	19.13
	25.96

	Samnut-14
	
	
	
	
	
	

	Mid-May
	18.85
	12.8
	47.4
	11.27
	19.35
	25.31

	Late-May
	19.44
	21.3
	51.6
	12.48
	18.07
	31.85

	Mid-June
	20.67
	23.0
	52.8
	14.82
	20.82
	34.76

	Late-June
	NS
	NS
	NS
	NS
	5.606*
	NS

	LSD
	17.1
	21.6
	14.7
	19.4
	11.2
	14.5

	CV
	24.20
	31.1
	36.2
	15.67
	20.92
	29.15


Means followed by the same letter(s) are not significantly different (P=0.05), NS = not significant, LSD = Least significant, ** = significant at 1% level difference, * = significant at 5% level, CV = coefficient of variation

3.2 Disease severity (%) 
The severity of groundnut rosette virus as influenced by sowing dates and varieties, their interaction at 40, 50, 60 and 70 DAS in the 2015 cropping seasons are presented in Table 2.
In this cropping season, the sowing dates significantly (P≤ 0.05) influenced disease severity from 40 to 70 DAS, but the interaction between varieties and sowing dates did not differ from 40 to 70 DAS, respectively. Results revealed that at 40, 50 and 60 DAS, those groundnut plants sown in Mid-June recorded significantly higher disease severity with 15.8%, 23.9% and 33.4% respectively; this was followed by those plants sown in Late-June. Similarly, at 70 DAS, higher disease severity of 39.6% and 39.7%, which did not differ significantly from each other, was also recorded from those groundnut plants sown in Mid-June and Late-June respectively. The lowest disease severity of 10.2%, 13.5%, 18.8% and 26.0%; and 10.6%, 14.4%, 20.7% and 27.7% as indicated by the results were obtained from those groundnut plants sown in late May and early May at 40, 50, 60 and 70 DAS, respectively. The influence of varieties on the severity of rosette virus was significantly (P≤ 0.05) different at 40, 60 and 70 DAS but was not at 50 DAS. Results showed that among the varieties, Gyadan-Madawa significantly recorded higher severity of the rosette virus with 13.5%, 27.2% and 36.7% compared to Samnut-14, which had lower severity of the disease at 40, 60 and 70 DAS, respectively.


Table 2: Influence of sowing dates and varieties and their interaction on the severity of groundnut rosette virus at 40, 50, 60 and 70 DAS in the 2015 cropping season
	Severity of Groundnut Rosette Virus (%) 

	
Treatments
	
40DAS
	
50DAS
	
60DAS
	
70DAS

	Sowing Dates
	
	
	
	

	Mid-May
	10.60
	14.37
	20.7
	27.1

	Late-May
	10.16
	13.48
	18.8
	26.0

	Mid-June
	15.78
	23.87
	33.4
	39.6

	Late-Jun
	12.58
	18.982
	25.9
	39.7

	LSD
	2.457*
	3.712**
	6.87*
	8.13*

	CV
	51.11
	65.81
	64.65
	56.03

	Gyadan- Madawa
	13.49
	19.41
	27.2
	36.7

	Samnut-14
	11.07
	15.94
	22.2
	29.5

	LSD
	1.770*
	NS
	3.38*
	5.40*

	CV
	4.1
	8.0
	3.9
	4.6

	Sowing Dates x Varieties 
	
	

	Gyadan-Madawa
	
	
	

	Mid-May
	11.25
	14.84
	22.8
	31.5

	Late-May
	11.42
	15.30
	22.5
	29.2

	Mid-June
	18.52
	26.89
	35.8
	42.0

	Late-Jun
	12.75
	20.63
	27.8
	44.0

	Samnut-14
	
	
	
	

	Mid-May
	9.95
	13.90
	18.7
	22.8

	Late-May
	8.89
	11.66
	15.1
	22.8

	Mid-June
	13.05
	20.86
	31.0
	37.2

	Late-Jun
	12.41
	17.83
	24.1
	35.3

	LSD
	NS
	NS
	NS
	NS

	CV
	15.9
	16.7
	22.1
	19.5


Means followed by the same letter(s) are not significantly different (P=0.05)
NS = not significant, LSD = Least significant,** = significant at 1% level difference
* = significant at 5% level, CV = coefficient of variation, DAS = Das after sowing



The severity of groundnut rosette virus as influenced by sowing dates and varieties, their interaction at 40, 50, 60 and 70 DAS in the 2016 cropping seasons are presented in Table 3.
In this cropping season, the sowing dates significantly influenced severity of rosette virus at 40, 50 and 70 DAS but did not at 60 DAS groundnut varieties significantly influenced the disease severity from 40 to 70 DAS, and while the interactive effects between the sowing dates and varieties on disease severity was not significant from 40 to 60 DAS but was significant only at 70 DAS.
Results of the analysis indicated that those groundnut plants sown in Mid-June recorded higher disease severity with 11.4%, 14.8% and 31.6%, followed by those sown in late June, which also had disease severity of 10.5%, 16.0% and 29.0% at 40, 50 and 70 DAS, respectively. The lowest disease severity of 4.7%, 9.1% and 18.0% were recorded from those groundnut plants sown in late May, followed by those sown in early May at 40, 50 and 70 DAS, respectively. Among the varieties, Gyadan-Madawa recorded significantly higher disease severity with 10.7%, 15.9%, 19.6% and 32.9% compared to Samnut-14, which had lower disease severity of  6.8%, 11.0%, 14.6% and 19.9% at 40, 50, 60 and 70 DAS, respectively. 


Table 3: Influence of sowing dates and varieties and their interaction on the severity of groundnut rosette virus at 40, 50, 60 and 70 DAS in the 2016 cropping season
	                           Severity of Groundnut Rosette Virus (%) 

	Treatments
	40DAS
	50DAS
	60DAS
	70DAS

	Sowing Dates
	
	
	
	

	Mid-May
	8.47
	13.91
	16.24
	26.90

	Late-May
	4.70
	9.09
	15.12
	17.96

	Mid-June
	11.39
	14.76
	18.98
	31.61

	Late-Jun
	10.54
	15.97
	17.89
	28.95

	LSD
	1.748**
	2.709**
	NS
	4.017**

	CV
	82.17
	54.96
	24.61
	54.10

	Varieties
	
	
	
	

	Gyadan- Madawa
	10.72
	15.90
	19.56
	32.85

	Samnut-14
	6.83
	10.96
	14.56
	19.87

	LSD
	1.271*
	3.746*
	4.405*
	2.205*

	CV
	4.1
	7.9
	7.3
	2.4

	Sowing Dates x Varieties  
	
	

	Gyadan-Madawa
	
	
	
	

	Mid-May
	10.88
	15.44
	17.24
	32.55

	Late-May
	4.69
	10.48
	16.49
	20.11

	Mid-June
	14.27
	18.37
	24.16
	42.80

	Late-Jun
	13.03
	19.32
	20.15
	36.13

	Samnut-14
	
	
	
	

	Mid-May
	6.06
	12.38
	15.03
	21.46

	Late-May
	4.72
	7.71
	13.75
	15.82

	Mid-June
	8.50
	11.14
	13.81
	20.42

	Late-Jun
	8.04
	12.62
	15.64
	21.78

	LSD
	NS
	NS
	NS
	5.0*

	CV
	15.8
	16.0
	17.6
	12.1


Means followed by the same letter(s) are not significantly different (P=0.05)
NS = not significant, LSD = Least significant,** = significant at 1% level difference
* = significant at 5% level, CV = coefficient of variation, DAS = Das after sowing


3.3 Seed weight (gm.)
The influence of sowing dates and varieties and their interaction on 1000 seeds weight gm.) in 2015 and 2016 cropping seasons are presented in Table 3. 
Results of the analysis revealed that the influence of sowing dates on 1000 seeds weight was significantly different in the second cropping season was not in the first cropping season. 1000 seeds weight gm.) was significantly different among the groundnut varieties in the first cropping season but was not in the second cropping season, whereas as the interactive effects between sowing dates and varieties on 1000 seeds weight were not significant in the two cropping seasons. 
The result in the second cropping season showed that the highest 1000 seeds weight of 525.0gm was obtained from those groundnut plants sown in Mid-May, followed by 477.0gm 1000 seeds weight recorded from those sown in Late-May compared to those sown in Mid-June and Late-June respectively.
Among the groundnut varieties, Gyadan-Madawa significantly recorded the highest 1000 seeds weight with 410.4 gm compared to Samnut-14 which had lower seed weight with 396.0gm in the first cropping season. 


Table 4: Influence of Sowing Dates and Varieties and their Interaction on 1000 Seeds Weight (gm.) in 2015 and 2016 Cropping Seasons
	
	           1000 Seeds Weight (gm.)

	Treatments
	2015
	2016

	Sowing dates
	
	

	Mid May
	400.2
	525.0

	Late May
	406.2
	477.0

	Early June
	403.1
	464.3

	Late June
	403.3
	444.8

	LSD(0.05)
	NS
	25.54*

	CV%
	1.49
	17.51

	Varieties
Gyadan-Madawa
	
410.4
	
469.5

	Samnut-14
	396.0
	486.1

	LSD(0.05)
	5.63*
	NS

	CV%
	0.4
	3.7

	Interaction (AXB)
	
	

	Varieties
	
	

	Gyadan-Madawa
	2011
	2012

	Mid May
	410.2
	506.7

	Late May
	415.6
	459.3

	Early June
	412.9
	464.6

	Late June
	403.1
	447.2

	Samnut-14
	
	

	Mid May
	390.2
	543.2

	Late May
	369.9
	494.8

	Early June 
	393.3
	463.9

	Late June
	403.6
	442.4

	LSD(0.05)
	NS
	NS

	CV%
	3.4
	4.2


Means followed by the same letter(s) are not significantly different (P=0.05), NS = not significant, LSD = Least significant, ** = significant at 1% level difference’ * = significant at 5% level, CV = coefficient of variation 


3.4 Occurrence and involvement of groundnut aphids (Aphis craccivora Koch) in disease transmission
In this study, the observational occurrence of clusters of viruliferous Aphids (Aphis craccivora) at the early seedling stage preceded the incidence and severity of rosette virus disease symptoms. The adult aphids has a black-shining oval bodies, whereas the young nymphs were hairy, with light-brown, coloured bodies (Plate1) clustered on the adaxial and abaxial tender leaflets of the groundnut plant (Plate 2). Scientific results from researchers showed that Aphis craccivora is one of the major pests affecting early stages of groundnut, peas and beans plants belonging to the Fabaceae Family in Africa, Asia and America (Obeng-Ofori 2007; Omoigui et al 2007; Ouedraogo et al, 2018). Attachment of the aphids on plant shoots enables them to pierce their sharp needles-like stiletto structures into the plant tissues, which provide possible means for transmitting the viral particles in a persistent manner. This observation agreed with (Dixon 2012; Soffan and Aldawood 2014; Blackman and Eastop 2007; Togola et al, 2017) who reported that aphids are piercing-sucking insects that feed on plants’ phloem sap, which is essential for plant growth and development. They also revealed that adults and nymphs feed on the undersurface of the herbaceous young leaves, stem tissues, growing tips, petioles and flowers of the plants by sucking the fluid. Similarly, Almeida et al. (2015) reported that insects are intimately involved in facilitating the initiation and development of many plant diseases. In the course of this study, the predatory red ants (Messor sp) were observed actively preying on the young immature aphid nymphs, which indicates that their presence too could have an impact by lowering the population of the community (Plate 3).
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Plate 1: Adult Aphids (Aphis craccivora Koch)   Plate 2: clustered of adults aphids and nymphs
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Plate 3: Predatory Red ants (Messor sp) feeding on immature Aphid nymphs

DISCUSSION
The magnitude of economic destruction and yield loss caused by the rosette virus on groundnut production in different agro-ecological regions of Nigeria has become a major source of concern. Groundnut rosette virus infection can result to viable pods and complete crop loss in a severe case. There are annual worldwide economic losses of approximately US$220 billion due to plant diseases (Sarvary et al, 2019). Strategic use of sowing dates judiciously in the management of the aphid’s transmitted viral disease could be an economically feasible option. Certainly, the recommendation of sowing date for one particular agro-ecological location may not be applicable to other agro-ecological regions due to variation in patterns of their annual rainfall and other prevailing climatic factors. 
The findings from this study revealed that genetic traits of the varieties and different sowing dates in the presence of prevailing environmental factors significantly influenced the incidence and severity of rosette virus disease in the two cropping seasons. In the 2015 cropping season, there was no significantly (P ≤ 0.05) variation on incidence of rosette virus among the groundnut varieties from 20 to 40 DAS; whereas in 2016 cropping season there was significant variation among the groundnut varieties on disease incidence from 20 to 30 DAS only, Gyadan-Madawa recorded significantly higher disease incidence compared to Samnut-14 from 20 to 30 DAS respectively. Genetic make-up of different groundnut varieties can result in variation in levels of disease incidence. Loise et al. (2024) also reported that different groundnut varieties exhibit varying resistance to diseases and adverse climatic conditions. Findings from this research have revealed that sowing dates significantly influenced the incidence of groundnut rosette virus from 20 to 30 DAS and from 20 to 40 DAS in 2015 and 2016 cropping seasons, respectively. Those plants sown in Mid-May and Late-May in 2015 had lower disease incidence compared to those plants sown in Mid-June and Late-June with higher disease incidence from 20 to 30 DAS, respectively. The same disease incidence trend was observed from 20 to 40 DAS in 2016, but on the other hand, the incidence of rosette virus in 2015 was slightly higher than that of the 2016 cropping season from 20 to 30 DAS. The lower disease incidences among those groundnut plants sown in Mid-May and Late-May could be attributed to the washing down and reduction by the death of the virus vectors during the prolonged onset of rainfall in those periods; whereas the intermittent short dry-spell and warm weather condition favored rapid multiplication of the aphids and transmission of the virus particles, resulting to higher disease incidences among those groundnut plants grown later in Mid-June and Late-June. This finding corroborates the report that late sown groundnut plants showed high disease incidence and pest infestation leading to lower yield (Adipala et al. 2000), and also revealed field information that showed that aphid populations increased rapidly on the groundnut crop from 31 to 45 days from emergency but reduced rapidly as the plants matured (Influential-Point, 2025)
The severity of rosette virus as influenced by sowing dates was higher on Gyadan-Madawa compared to Samnut-14 at 40, 60 and 70 DAS in 2015 and from 40 to 70 DAS in 2016 cropping seasons, respectively. In both seasons, those groundnut plants sown in Mid-May and Late-May showed lower severity of the disease compared to those sown in Mid-June and Late-June with higher disease severity from 40 to 70 DAS, respectively. Similarly, the severity of the disease in 2015 was also slightly higher compared to that of the 2016 cropping season from 40 to 70 DAS. It was also observed that those groundnut plants sown in Late-June recorded moderately lower severity of the virus disease compared to those sown in Mid-June from 40 to 70 DAS in both seasons. This scenario could be due to a decline in aphid’s population caused by different voracious predatory ants and adverse weather conditions, which probably did not favour further transmission of virus particles in those groundnut plants grown in late June of both seasons.  This finding is in agreement with Saghafipour et al. (2020), who stated that moderate humidity levels support whitefly population growth and facilitate efficient virus transmission, while high rainfall may reduce vector activity by washing away insects from plant surfaces. This has a negative impact on the survival of the insect vector and, in turn, affects the incidence and severity of viral diseases (Montes and Pagan, 2022).  
In both cropping seasons, chlorotic leaf, bunchy-top-head, leaf curling, stunted growth and malformed bunchy small-size pods disease symptoms were observed on severely infected groundnut plants (Plates: 4-8). Abderrahmane and Laleen  (2012) reported slow growth rate, browning, wilting, loss of vigour, damage and discolouration, defoliation of the leaves, plant death and poor yield return as a result of viral infection.  Higher 1000-seed weight was observed on Gyadan-Madawa in the 2015 cropping season, and also the groundnut plants sown in Mid-May and in Late-May exhibited higher seed weight than their counterparts in the 2016 cropping season. Hence, sowing dates have significant effects on crop growth and disease development in any agricultural production system (Richard et al, 2018). 
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Plate 4: Chlorotic leaf disease symptom	       Plate 5: Bunchy-top-head disease symptom
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Plate 6: Leaf curling disease symptom	       Plate 7: Stunted growth disease symptom
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Plate 8: Malformed bunchy small size pods disease symptoms


4. CONCLUSION 
The results of the assessments have proved that early sowing significantly lowered the groundnut rosette virus disease incidence and severity and also improved grain yield. These findings validated the recommendation of early sowing dates in Mid-May to Late-June at the onset of rainfall. Hence, it can serve as a good alternative instead of the use of exorbitant pesticides in the management of the disease because it is cost-effective and environmentally friendly. The local Gyadan-Madawa variety exhibited a higher 1000-grain weight (gm.) but requires genetic improvement against the disease. Lastly, a study on the synergistic effects of the occurrence of Red ant (Messor sp.) and other predatory ants against the aphids as bio-control is advocated.
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