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ABSTRACT 

Groundnut Rosette Disease (GRD) and Late Leaf Spot (LLS) are two of the most 
important diseases across Africa. GRD results in up to 100% and LLS up to 50% yield 
losses in susceptible varieties. Co-occurrence of the two diseases, which often happens, is 
thus detrimental for the farmer. The use of resistant varieties remains the best approach 
to manage these diseases. Breeding for both diseases has resulted in resistance varieties but 
with limited knowledge on the diversity of varieties developed. The aim of this work was 
to utilize the Groundnut Improvement Network for Africa (GINA) core collection which 
is of known diversity to identify lines with sources of resistance to both GRD and LLS. 
The collection was evaluated across three seasons at Nakabango and Serere, two known 
GRD and LLS hotspots in Uganda. Analysis of Variance (ANOVA) revealed significant 
differences among genotypes for both LLS and GRD at different stages of the plant 
growth. Several lines were identified with moderate to good resistance to GRD, LLS or 
both GRD and LLS. Fifteen of the lines demonstrated good resistance to both diseases 
across the three seasons in Nakabango. These lines can be utilized as parents for improving 
populations for resistance across breeding programs in Africa.  

 

INTRODUCTION 

Peanut (Arachis hypogaea L.), also known as groundnut, is an 
important legume for food, feed, nutrition, and income 
(Ojiewo et al., 2020). Grown throughout the world, peanut is 
highly nutritious with several health benefits (Mienie et al., 
2013; Willett et al., 2019) and an invaluable source of protein, 
calories, essential fatty acids, vitamins, and minerals (Mienie et 
al., 2013; Okello et al., 2013). Although Africa and Asia 
together account for about 90% of the global peanut 
production, a downward production trend has been observed in 

Africa from 33% global contribution in 2019 to 30% in 2021 
(FAOSTAT, 2021). Part of this reduction in productivity is 
attributed to various biotic and abiotic stresses, of which 
groundnut rosette disease (GRD), early leaf spot (ELS) and late 
leaf spot (LLS) are among the most important (Naidu et al., 
1999; Waliyar et al., 2007; Mohammed et al., 2018).   

Groundnut rosette disease (GRD) is considered the most 
devastating viral disease of peanut in Sub-Saharan Africa, 
causing yield losses of up to 100% when the disease attacks the 
crop before flowering (Okello et al., 2014). The disease is 
transmitted by aphids (Aphis craccivora Koch) (Lynch 1990) 
and caused by a complex of three viral agents that work 
synergistically: groundnut rosette assistor luteovirus (GRAV) 
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which encapsidates GRV and its satellite RNA for transmission 
by the aphids, groundnut rosette umbravirus (GRV) which 
plays a role in the replication of its satellite RNA (satRNA) and 
GRV satellite RNA which is responsible for the symptoms 
observed (Naidu et al., 1999; Deom et al., 2000 ). The presence 
of all the three disease agents results in acutely stunted and 
bushy plants with shortened internodes and reduced leaf size 
(Nigam et al., 2012).  

Early leaf spot caused by Passalora arachidicola and late 
leaf spot caused by Nothopassalora personata are the most 
devastating and economically important foliar fungal diseases 
and major yield reducing factor of peanut worldwide with an 
annual yield losses of 15 to 50% (Pandey et al., 2017; Anco et 
al., 2020). The predominance of ELS or LLS varies by location 
and shifts over time depending on the cultivars grown, weather 
and cultural practices. Although just one leaf spot pathogen 
usually predominates in a production region, both leaf spot 
species are generally found in a single field. Shifts in leaf spot 
species also have been observed over a period of years. Late leaf 
spot currently is the predominant leaf spot disease in East 
Africa, whereas ELS is common in Southern Africa 
(Subrahmanyam et al., 1997; Okello et al., 2013). 

Late leaf spot results in the reduction of pod yield and the 
quality of fodder (Okello et al., 2013) with an estimated $599 
million in annual losses (Monyo et al., 2009). The typical 
symptoms are dark brown or black lesions on the underside of 
affected leaves (Tshilenge-Lukanda et al., 2012), which result 
in reduced chlorophyll activity and photosynthesis (Singh et al., 
2011). Late leaf spot is soilborne and appears on the plant 3-5 
weeks from planting. It starts when mycelium directly 
producing conidia in the soil from crop debris is dumped on 
young peanut plant leaves by rain splashes. The disease thrives 
at temperatures ranging between 25 to 30 C and relatively high 
humidity (McDonald et al., 1985).  

The use of insecticides against aphids and fungicides 
against fungal pathogens can result in the pollution of the 
environment, health risks and higher costs of production for 
farmers (Khera et al., 2016). The use of several cultural methods 
have been useful in reducing LLS inoculum but these 
approaches are quite labour intensive (Kankam et al., 2022). 
The development of resistant peanut varieties is the most 
effective and practical approach to manage the diseases (Nigam 
et al., 2012; Wankhade et al., 2021). It is therefore important 
to develop varieties with dual resistance to GRD and LLS to 
minimize yield losses from both diseases.  

Studies have identified lines resistant to both GRD and 
LLS (Iwo and Olorunju, 2009; Mohammed et al., 2018; 
Essandoh et al., 2022). However, these lines are of limited and 
unknown diversity. Core collections which are of known 
diversity, have been practical for enhanced utilization of 
germplasm for improvement of various traits in crops and 
identification of new sources of variation (Upadhyaya et al., 
2013). This is because variation from core collections represents 
the diversity in entire collections but are a smaller set of 
accessions with minimal repetitiveness (Frankel, 1984). In 
order to identify sources of variation for any trait, core 
collections would be the primary point of reference.  

The aim of this study was to identify new sources of 
resistance to GRD and LLS from a diverse GINA core 

collection. The best performing lines can be used as sources of 
resistance in breeding programs across Africa to introgress GRD 
and LLS resistance in farmer preferred lines or tested for their 
adaptability, yield potential and released to farmers.  

MATERIALS AND METHODS 

Plant material 

Two-hundred and twenty-nine (229) breeding lines from nine 
African countries (Ghana, Mali, Malawi, Mozambique, Niger, 
Senegal, Togo, Uganda and Zambia) were used for this study 
(Figure 1, Supplementary table 1). ese lines were part of the 
GINA core collection (Conde et. al., 2023) which was created 
on the basis of 116 breeders-preferred lines and extended to 300 
genotypes using genotyping data and the core hunter software 
(De Beukelaer et al., 2018). e 229 genotypes consisted of the 
subspecies fastigiata (32 “hybrid” combinations between the 
Virginia and Spanish botanical types, 111 Spanish, 11 Valencia) 
and the hypogaea subspecies (75 Virginia) (Supplementary 
table 1). e basis on which the 229 lines were chosen from the 
“300 core” was the number of seed available for trials across two 
locations each season. Each trial was limited to a maximum of 
200 genotypes each season.  

Phenotypic evaluation 

Field evaluation of genotypes was carried out in Eastern Uganda 
at Nakabango and Serere, recognized as GRD and LLS hotspot 
locations (Okello et al., 2010). Nakabango lies 33o12'47.588" 
E and 0o31'26.762" N at 1169m above sea level while Serere 
lies 33A°26'43.943"E and 1A°31'58.580" N at 1126m above 
sea level. Across the three seasons, NaSARRI had an average 
temperature of 24.56 C, relative humidity (RH) of 71.5%, 
monthly rainfall of 146.25mm and windspeed of 2.35m/s, 
while Nakabango had an average temperature of 22.8 C, RH of 
78.25%, monthly rainfall of 167.12 and wind speed of 2.18m/s 
(https://power.larc.nasa.gov/data-access-viewer/). 

At each location, the 200 lines were planted at a spacing 
of 45x15cm (between and within rows, respectively), with two 
1-meter rows per plot. The trial was planted in a 10 x 20 lattice 
design, in seasons 2020A, 2020B and 2021B in two replicates 
across the two locations. Genotypes Ug-43_Oug-
RED_BEAUTY_UG and Gh2-54_GhaII-NUMEX_03 were 
used as susceptible checks, Ug-41_Oug-DOK_1_RED_UG 
and Ug-194_Oug-ICGV_90099 as resistant checks for GRD 
while Mz-52_MZG-JL-24 was used as a susceptible and Ug-
7_Oug-SERENUT 14R UG as a resistant check for LLS. 

Data collection 

GRD percentage disease incidence (Table 1) and disease severity 
(Table 2) ratings (Waliyar et al., 2007) were used to assess the 
response of the genotypes to GRD while LLS severity (Table 3) 
(Subrahmanyam et al., 1995) was used for LLS resistance 
assessment. With reference to the 1-9 LLS severity scale, disease 
scores were categorized as resistant (1-3), moderately resistant 
(4–5), susceptible (6–7) and highly susceptible (8-9) 
(Chaudhari et al., 2019; Pooniya et al., 2020). GRD percentage 
disease incidence (PDI) and LLS severity data for both diseases 
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were collected at 4, 8 and 12 weeks after sowing. GRD severity 
data was collected at 12 weeks. Data at 12 weeks was used to 
categorize responses of the lines to each disease.  

 

Figure 1. Number of genotypes from the Groundnut Improvement Network for Africa core collection and the country from 
which they were obtained. 

 

Table 1.  Percentage disease incidence ratings for groundnut rosette disease 

PDI Rating 

<10 Highly resistant 

11_30 Resistant 

31-50 Moderately resistant 

>50 Susceptible 

Source: Waliyar et al., 2007 

 

Table 2.  Severity scale for field screening of groundnut lines against groundnut rosette disease. 

Severity score Genotype reaction  Inference  

1 No visible symptoms on the foliage Highly resistant  

2 Rosette symptoms on 1-20% foliage, but no obvious stunting  Resistant 

3 Rosette symptoms on 21-50% foliage and stunting  Moderately resistant 

4 Severe rosette symptoms on 51-70% foliage and stunting  Susceptible  

5 Severe symptoms on 71-100% foliage, stunted Highly susceptible or dead plants  Highly resistant  

Source: Waliyar et al., 2007 
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Table 3.  Modified Late leaf spot scale applied for field screening of groundnut. 

Disease 
score  Description  

Disease 
severity 

1 
No disease  

0 

2 
Lesions present largely on lower leaves: no defoliation  

1-5 

3 
Lesions present largely on lower leaves, very few on middle leaves: defoliation of leaflets evident on lower leaves  

6-10 

4 
Lesions on lower and middle leaves but severe on lower leaves; defoliation of some leaf-lets evident on lower 
leaves 

11-20 

5 
Lesions present on all lower and middle leaves: over 50% defoliation of lower leaves   

21-30 

6 
Severe lesions on lower and middle leaves; lesions present but less severe on top leaves; extensive defoliation of 
lower leaves, defoliation of some leaflets evident on middle leaves 

31-40 

7 
Lesions on all leaves but less severe on top leaves; defoliation of all lower and some middle leaves 

41-60 

8 
Defoliation of all lower and middle leaves; severe lesions on top leaves; some defoliation of top leaves evident 

61-80 

9 
Almost all leaves defoliated, leaving bare sterns; some leaflets may remain, but show severe leaf spots.            

81-100 

Source: Subrahmanyam et al., 1995 

DATA ANALYSIS 

Groundnut rosette disease percentage disease incidence (GRD 
PDI) was calculated as: 

𝑮𝑮𝑮𝑮𝑮𝑮 𝑷𝑷𝑷𝑷𝑷𝑷 (%) =  �
𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍𝐍 𝐨𝐨𝐨𝐨 𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩𝐩 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫𝐫 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬

𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏𝐏 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 𝐚𝐚𝐚𝐚 𝐚𝐚 𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠𝐠 𝐜𝐜𝐜𝐜𝐜𝐜𝐜𝐜 𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬𝐬 � 

× 𝟏𝟏𝟏𝟏𝟏𝟏% 
The Area Under Disease Progress Curve (AUDPC) for 

GRD PDI and LLS severity data at 4, 8 and 12 weeks was 
calculated using the formula: 

𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨𝑨 =  � �
𝒚𝒚𝒊𝒊 + 𝒚𝒚𝒊𝒊+𝟏𝟏

𝟐𝟐 �
n−1

i=1

 (𝒕𝒕𝒊𝒊+𝟏𝟏 − 𝒕𝒕𝒊𝒊) 

 
where yi is the GRD PDI/LLS severity at the ith 

observation; ti is time (in weeks) at the ith observation and n is 
the total number of observations (Simko and Piepho, 2012).  

For preliminary yield assessment, the average number of 
pods per genotype was calculated as the total number of mature 
pods divided by the number of plants analyzed.  

Best linear unbiased predictions (BLUPs) and variance 
components for each environment were generated in the Meta-
R software (Alvarado et al., 2020) while the PBIB test function 
in the Agricolae package in R software was used to do analysis 
of variance (R core team, 2021). The Restricted Maximum 
Likelihood (REML) method was used in both cases with the 
following model:  

Yijk =μ+ Gi+ Rj  +R/Bjk +εijk 
where Yijk is denoted as the kth observation for the ith 

genotype, µ the grand mean, Gi the genotype effect, Rj the 
replication effect, R/Bjkthe block effect nested in replicates 
correspondingly, and εijk the error term associated with Yijk. 

The estimated BLUP variance components were used to 
calculate Broad-sense heritability (BSH) for all the traits using 
the formula:  

𝑩𝑩𝑩𝑩𝑩𝑩 =  𝜎𝜎2g

�𝝈𝝈𝟐𝟐𝒈𝒈+ 𝝈𝝈𝟐𝟐𝒆𝒆 𝒏𝒏𝒏𝒏� �
  

where σ2g is the genetic variance component, σ2e is the residual 
(error) component, and nr is the number of replications. 

The Least Significant Difference (LSD) at 5% level of 
significance was calculated as: 

LSD = t(1−0.05,dfErr) × ASED 

where t is designated as the accumulative student's t 
distribution, 0.05 is the chosen α (alpha) level (5%), dfErr is 
the degrees of freedom for the error in the linear mixed model 
while ASED is the Average Standard Error of the Differences of 
the means.  

The percentage coefficient of variation was generated from 
the formula: 

𝑪𝑪𝑪𝑪 =  
√𝑴𝑴𝑴𝑴𝑴𝑴

𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮𝑮 𝑴𝑴𝑴𝑴𝑴𝑴𝑴𝑴  𝒙𝒙 𝟏𝟏𝟏𝟏𝟏𝟏% 

where MSE is the mean squared error.  
The relationship between variables was established by 

calculating Pearson's correlation coefficients from combined 
datasets (n = 229) at the location Nakabango where disease 
pressure was consistent across seasons. The cor function in R 
was used (R Core Team, 2021).  

Principal component analysis (PCA) was carried out to 
determine the overall variation between disease variables, 
average number of pods, market types and countries of origin. 
It was done using the FactoMineR, factoextra, and GGPlot 
packages in R software (R Core Team, 2021). 
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RESULTS AND DISCUSSION 

Statistically significant differences (P<0.001) were observed for 
GRD PDI at Nakabango at 4, 8, 12 weeks and AUDPC (Table 
4). At 12 weeks, Serere had lower GRD pressures for seasons 
2020A and 2020B. is is evidenced by the lower grand mean 
and broad sense heritability estimates; 10.9 and 28% for Serere 
2020B and 11.3 and 23% for Serere 2021B respectively (Table 
4) making it difficult to identify truly resistant lines. In the case 
of LLS, moderate to high heritabilities at 8 and 12 weeks and 
AUDPC (up to 86%) were observed because the LLS pressure 
was relatively high and consistent across seasons. High 
heritability estimates are a good indication that the variation 
observed is mostly due to genetic rather than environmental 
factors (You et al., 2016) thus making selection for the trait 
possible at early generations of the crop. 

GRD pressure was lowest in Serere 2020B and 2021B and 
yet higher in Serere 2020A where wind speed was lower (2.15 
m/s). Similar lower wind speed values were observed at 
Nakabango across seasons (2.2, 2.17 and 2.18 m/s for seasons 
2020A, 2020B and 2021B respectively) where disease pressure 
was high and consistent. Lower disease pressure in Serere 2020B 
and 2021B may be partly attributed to the reduction in the 
aphid populations in Serere resulting from an increase in wind 
speed observed in Serere 2020B (2.3 m/s) and 2021B (2.6 m/s). 
An increase in windspeed affects GRD incidence negatively 
since the aphids populations are not allowed to accumulate on 
the plants (Mugisa et al., 2016).   

Across the three seasons at Nakabango, the largest 
proportion of the genotypes evaluated were either moderately 
resistant or susceptible to LLS and GRD (Figures 2A and B). 
Across the seasons, thirty of the lines in the GINA core 
collection were resistant or moderately resistant to GRD. Of 
these, 67% were of the Virginia market class, 26% from the 
Spanish and 7% of hybrid market class. None of the resistant 
or moderately resistant lines were from the Valencia market 
class. 43% percent of the lines were from Uganda, while 17% 
were from Malawi. The remainder (40%) were spread across all 
other countries, except for Mali that had no resistant lines 
(Supplementary file 1).  

In the case of LLS, eighty-six (86) lines were resistant to 
moderately resistant across seasons. Of these, 66% were of the 
Virginia market class, 24% Spanish, 6% hybrid and 4% 
Valencia.  Of these, Uganda contributed 27%, Mozambique 
5%, Ghana 24%, Malawi 15%, Zambia 9%, Senegal 8%, Togo 
5%, Mali 5%, and Niger 2%. 

Across the three seasons, fifteen lines were either resistant 
or moderately resistant to both GRD and LLS. (Table 5). The 
highest average pod number across lines was 16.25 for line Ug-
121_Oug-ICGV SM 15583. Two lines Ug-5_Oug-
SERENUT_9T_UG and Ug-164_Oug- ICGV_SM_06518 
with average pod number 12.24 and 12.88 respectively (Table 
5) harboured all five favourable haplotypes identified for GRD 
resistance by Achola et al. (2023). The only lines from the 
Spanish market class with resistance to both GRD and LLS 
were Ug-41_Oug-DOK 1 RED UG and Sn-42_Sen-DOK IT 
(Table 5). However, these lines with one or two seasons of 

disease screening may require more testing to enable confident 
reporting of these data.   

Across all the seasons, 87% of the lines in the GINA core 
collection were susceptible to GRD and 62% susceptible to LLS 
suggesting that the collection has limited sources of resistance 
for GRD and LLS even though it was generally considered 
diverse based on genotypic data. This indicates the need to 
develop trait-based collections in addition to utilizing the 
genotypic data. A core collection evaluated by ICRISAT also 
revealed limited sources of resistance to LLS (Sudini et al., 
2015). Interestingly, 49% of the lines in the GINA core 
collection were lines developed at ICRISAT (India and 
Malawi). Alleles from the wild-type gene pool can confer 
immunity to GRD and LLS (Subrahmanyam et al., 2001; 
Stalker, 2017). However, reproductive and hybridization 
barricades (Kumari et al., 2014) have hampered their use in 
breeding programs. Improvement of cultivated peanut using 
synthetic tetraploids for GRD and LLS has been on-going 
(Leal-Bertioli et al., 2009; Fonceka et al., 2012; Wankhade et 
al., 2021; Moretzsohn et al., 2023) with the best performing 
lines reported as either moderately resistant or susceptible to 
both diseases. Consequently, more populations with wild alleles 
need to be developed and continually tested to expand the 
diversity for GRD and LLS. 
Studies using similar lines utilized in the GINA core collection 
for LLS (Alidu et al., 2019; Kankam et al., 2020) and GRD 
(Appiah et al., 2016; Kankam et al., 2020) showed variable 
performances for LLS and GRD across West Africa and 
Uganda.. e differences in the performance of these lines for 
GRD may be attributed to variability of the causal agents of 
GRD which make the GRD complex more virulent in certain 
areas as compared to others (Wangai et al., 2007; Jones et al., 
2019; Mabele et al., 2019, 2021). It is therefore essential to 
invest in understanding the variability of the GRD virus 
complex across areas where GRD is predominant and all 
germplasm contributing countries which will give insights into 
the stable performance of germplasm across countries. e same 
applies to LLS where the ELS pathogen is more predominant in 
some areas such as in West and Southern Africa, while LLS is 
more predominant in East Africa. Similar effort should be 
geared towards understanding the LLS pathotypes across peanut 
growing areas in Africa. 

PCA analysis using phenotypic data showed clustering of 
genotypes according to market type and botanical groups 
(Figure 3A), GRD (Figure 3B) and LLS (Figure 3C) groups 
based on levels of resistance and number of pods. e PCA 
graphs showed genotypes in GINA core collection to have 
unclear distinctions between Spanish, Virginia, Valencia and 
mixed groups although the Virginia class was easily clustered 
towards higher average pod number, resistance to GRD and 
resistant/moderate resistance to LLS (Figure 3A). e Spanish 
botanical group was clustered as lines susceptible to LLS. e 
lines that clustered as susceptible to GRD consisted of Spanish, 
Virginia and Valencia (Figure 3A) market types with Spanish 
contributing the highest number of genotypes. No 
distinguishing clusters were observed according to country of 
origin for both LLS and GRD resistance groups (Figure 3D).
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Table 4:  Analysis of Variance (ANOVA) and descriptive statistics for groundnut rosette disease, late leaf spot and a yield parameter in 
the GINA  core collection. 

SOV Df PDI 4W PDI 8W 
PDI 
12W SEV 

PDI 
AUDPC 

LLS 
4W 

LLS 
8W 

LLS 
12W 

LLS 
AUDPC 

AV 
POD # 

SERERE 2020A 

Genotype  199 143.71ns 750.99* 857.61*** 1.34*** 1318425** 0.15*** 1.05*** 2.28*** 24820.3*** - 

Residuals  156 154.5 536.65 463.27 0.71 856273 0.08 0.37 0.34876 2936.1 - 

% CV   329.9 58.8 27.1 22.6 38.1 0.15 0.17 11 9.1 - 

GM  3.77 39.43 79.35 3.73 2429.73 1.91 3.51 5.37 594.97 - 

BSH  0 0.29 0.44 0.04 0.33 0.04 0.56 0.73 0.74 - 

SERERE 2020B 

Genotype  197 9.38ns 192.9** 414.24*** 0.49** 420363** - 0.52*** 1.47*** 3111.52*** 543.81ns 

Residuals  170 10.76 122.88 260.1 0.34 278860 - 0.07 0.56 457.33 532.81 

% CV   472.8 144.3 147.6 38.3 130.5 - 7.8 13 6.3 166.5 

GM  0.69 7.68 10.92 1.51 404.72 - 3.44 5.74 337.99 13.86 

BSH  0.00 0.18 0.28 0.26 0.17 - 0.86 0.63 0.83 0.05 

SERERE 2021B 

Genotype  198 34.72ns 91.84** 276.65** 0.32* 303385ns 0.14** 0.21*** 0.73*** 740.32*** 20.73*** 

Residuals  173 29.72 91.133 184.18 0.24 246829 0.09 0.08 0.22 195.88 12.78 

% CV   215.7 148 120.2 42.4 124 16 9.7 11 7.8 33.9 

GM  2.52 6.45 11.29 1.15 400.79 1.9 2.92 4.29 180.42 10.55 

BSH  0.11 0.00 0.23 0.00 0.14 0.31 0.62 0.69 0.64 0.37 

NAKABANGO 2020A 

Genotype  199 170.5*** 1075.2*** 1483.9*** 2.08*** 2350274*** 0.23*** 0.88*** 1.57*** 4150*** 21.89ns 

Residuals  156 97.11 634.66 645.05 0.92 1175157 0.056 0.23 0.28 695.2 20.13 

% CV   193.3 63 38.6 27.3 47.9 13 14.8 9.9 10.5 85.2 

GM  5.09 40 65.87 3.5 2264.75 1.83 3.23 5.28 252.15 5.26 

BSH  0.43 0.42 0.58 0.57 0.52 0.76 0.74 0.83 0.83 0.05 

NAKABANGO 2020B 

Genotype  197 354.01** 1138.5*** 1316.5*** 1.72*** 2812070*** 0.51ns 0.8*** 1.59*** 1940.77*** 41.87*** 

Residuals  170 234.88 559.46 449.32 0.67 1127611 0.58 0.3 0.31 528.64 13.19 

% CV   87.3 41.4 30.7 22.5 35.3 37.4 13.7 9.8 9.7 53.2 

GM  17.55 57.08 69.01 3.63 3010.75 2.05 4.02 5.69 236.91 6.83 

BSH  0.33 0.53 0.67 0.63 0.61 0.00 0.63 0.80 0.73 0.70 

NAKABANGO 2021B 

Genotype  198 613.0*** 1294.9*** 1733.5*** 2.25*** 3663387*** - 1.52*** 1.01*** 2443.46*** 44.2*** 

Residuals  173 357.94 423.55 363.83 0.68 991526 - 0.29 0.2 347.54 15.56 

% CV   76.3 43.1 27.5 24.6 35 - 14.4 6.9 8.3 52.2 

GM  24.81 47.73 69.45 3.34 2845.84 - 3.73 6.56 225.45 7.56 

BSH  0.42 0.68 0.79 0.71 0.72 - 0.81 0.80 0.86 0.65 

SOV-Source of variation, Df-Degrees of freedom, % CV-Coefficient of Variation, GM-Grand Mean, BSH-Broad Sense Heritability, PDI 4W-Groundnut 
Rosette Disease Percentage Disease Incidence (PDI) at 4 weeks, PDI 8W- GRD PDI at 8 weeks, PDI 12W- GRD PDI at 12 weeks, SEV- GRD Severity at 
12 weeks, PDI AUDPC-PDI Area Under Disease Progress Curve, LLS 4W-Late Leaf Spot (LLS) at 4 weeks, LLS 8W- LLS at 8 weeks, LLS 12W- LLS at 
12 weeks, LLS AUDPC-LLS Area Under Disease Progress Curve, AV POD # -Average number of mature pods per plant, ;  
* Significant at P<0.05;  
** Significant at P<0.01,  
*** Significant at P<0.001; ns – non-significant 
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Table 5.  BLUP values and disease ratings for GRD and LLS showing resistant and moderately resistant genotypes with their 
corresponding average pod number per plant, number of seasons planted and market type  

S.No Genotype PDI 12W RATING LLS 12W RATING 
AV POD 

# 
# Seasons Market type 

1 
Ug-7_Oug-SERENUT 
14R UG 

16.675 R 4.626688 MR 13.2038 3 Virginia 

2 
Sn-40_Sen-SERENUT 
10R 

19.3148 R 4.822559 MR 12.8532 3 Virginia 

3 
Ug-121_Oug-ICGV 
SM 15583 

19.3793 R 5.02281 MR 16.2544 3 Virginia 

4 
Mlw-21_Mwi-ICGV-
SM 01711 

22.2655 R 4.822788 MR 13.6657 3 Virginia 

5 
Ug-164_Oug-ICGV 
SM 06518 

22.6246 R 4.426787 MR 12.8757 3 Virginia 

6 
Ug-19_Oug-SGV 
07002 UG 

23.5331 R 5.018447 MR 15.1797 3 Virginia 

7 
Ug-23_Oug-SGV 0084 
UG 

24.6163 R 4.830812 MR 15.7512 3 Virginia 

8 Zam-17_Zam-MGV-8 24.9667 R 4.624508 MR 14.4145 3 Virginia 

9 
Mlw-46_Mwi-ICG 
14705 

25.2123 R 5.223677 MR 10.441 3 Virginia 

10 
Ug-3_Oug-SERENUT 
11T UG 

25.7479 R 5.017487 MR 13.0462 3 Virginia 

11 
Ug-28_Oug-SGV ER 
10010 UG 

26.5186 R 5.625334 MR 9.48115 3 Virginia 

12 
Ug-5_Oug-SERENUT 
9T UG 

27.8225 R 4.963666 MR 12.2435 3 Virginia 

13 
Ug-194_Oug-ICGV 
90099 

29.8968 R 4.718649 MR 12.8371 3 Virginia 

14 
Zam-32_Zam-ICGV-
SM-01514 

33.2978 MR 5.625359 MR 14.3693 3 Virginia 

15 Tg-66_Tog-HG68 46.9915 MR 4.787191 MR 12.0364 3 Virginia 

16 
Ug-41_Oug-DOK 1 
RED UG 

21.9004 R 5.824216 MR 13.7522 2 Spanish 

17 
Gh1-62_Gha-
Nakpanduri 1 

32.279 MR 5.821854 MR 11.661 1 Virginia 

18 
Gh2-46_GhaII-
JENKAAR 

34.6698 MR 4.286176 MR 8.88087 2 Virginia 

19 Sn-42_Sen-DOK 1T 43.0007 MR 5.81987 MR 11.2497 1 Spanish 

20 
Ug-8_Oug-SERENUT 
3R UG 

45.43 MR 5.817611 MR 10.8569 2 Virginia 

21 
Ug-24_Oug-SGV 0023 
UG 

29.5666 R 3.404169 R 5.27278 1 Virginia 

PDI 12W- GRD PDI at 12 weeks, LLS 12W- LLS severity at 12 weeks, R-Resistant, MR-Moderately resistant, AV POD # -Average 
number of mature pods per plant, # Seasons -Number of seasons for which line appeared for field screening. 

 
PCA analysis using phenotypic data showed clustering of 

genotypes according to market type and botanical groups 
(Figure 3A), GRD (Figure 3B) and LLS (Figure 3C) groups 
based on levels of resistance and number of pods. The PCA 
graphs showed genotypes in GINA core collection to have 
unclear distinctions between Spanish, Virginia, Valencia and 
mixed groups although the Virginia class was easily clustered 

towards higher average pod number, resistance to GRD and 
resistant/moderate resistance to LLS (Figure 3A). The Spanish 
botanical group was clustered as lines susceptible to LLS. The 
lines that clustered as susceptible to GRD consisted of Spanish, 
Virginia and Valencia (Figure 3A) market types with Spanish 
contributing the highest number of genotypes. No 
distinguishing clusters were observed according to country of 
origin for both LLS and GRD resistance groups (Figure 3D).  
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Figure 2. Bar graphs showing the number of genotypes for LLS (A) and GRD (B) resistance categories per environment. The 
moderately resistant and susceptible categories were predominant for LLS, while the susceptible category was predominant for 
GRD. 

Clusters in PCA analysis revealed that the lines resistant to 
GRD and LLS were all from the Virginia botanical/market class 
and from Uganda. Notably, the lines were evaluated in Uganda 
(a regional evaluation nursery) where selection during breeding 
favoured lines which are well adapted to both GRD and LLS. 
The Virginia market class which is mostly mid-late maturing 
were also observed to be associated with lower GRD and LLS 
scores as compared to early maturing Valencia and Spanish 
groups (Ijaz et al., 2019; Achola et al., 2023). 

The strongest and highly significant correlation 
coefficients were observed between GRD PDI at 8 weeks versus 
PDI AUDPC (0.97, P<0.001), PDI at 12 weeks (0.82, 
P<0.001) and GRD severity at harvest (0.81, P<0.001), PDI at 

12 weeks and severity at harvest (0.90, P<0.001), PDI at 12 
weeks and PDI AUDPC (0.90, P <0.001) (Figure 4).  In the 
case of LLS, positive correlations were observed between LLS at 
8 weeks versus LLS at 12 weeks (0.77, P<0.001), LLS AUDPC 
(0.84, P<0.001), LLS at 12 weeks and LLS AUDPC (0.70, 
P<0.001). The strong, positive and significant correlations 
observed shows that as one variable increased so did the other 
in the same direction. A high correlation coefficient also 
suggests that any of the two variables can be used to predict one 
another when assessing disease damage in the presence of 
adequate disease pressure. However, since disease pressure is 
variable for GRD and may be unreliable across locations, the 
use of molecular markers as early as 2 weeks after planting will 
reduce the number of cycles in breeding for a cultivar (Xu et al., 
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2017).  Achola et al. (2023) identified molecular markers and 
haplotypes for resistance to GRD which can be developed into 
routine marker assays for deployment in breeding programs. 

Following validation of molecular markers identified and 
development of marker assays, selection for GRD resistance can 
be done as early as fourteen days after planting. 

 

Figure 3. PCA plots showing clustering of genotypes according to (A) market types, (B) GRD resistance groups, (C) LLS 
resistance groups and (D) country of origin.

The negative correlation between GRD, LLS scores and 
average pod number per plant indicates that the increase in 
GRD, LLS diseases contributed to reduction in the number of 
pods. These findings were contrary to those in Essandoh et al. 
(2022) who reported a positive correlation coefficient between 
LLS scores implying that LLS had no effect on yield. However, 
to be able to clearly establish the individual contribution of each 
disease to the amount of yield lost, experiments with and 
without controls for GRD, ELS and LLS need to be done to 
focus on each disease separately for a given crop cycle. In 
addition, since LLS tends to overshadow ELS as is the case in 
Uganda, there is need for separate screening to identify 
resistance to the two diseases. Several molecular markers have 
been identified for both ELS and LLS (Ahmad et al., 2020; Chu 

et al., 2019; Clevenger et al., 2018; Pandey et al., 2017, Shoba 
et al., 2013; Zhang et al., 2020; Zhou et al., 2016; Zongo et al., 
2017) in both bi-parental and diverse populations. However, 
Quantitative Trait Loci (QTLs) for both ELS and LLS are 
largely affected by environment and the genetic material 
utilized for the study. Although Oteng-Frimpong et al. (2023) 
identified QTLs on the same GINA core collection in Ghana, 
it is highly probable that the QTLs identified in Uganda may 
differ due to varying pathotypes causing the extent of disease 
severity. QTLs for LLS resistance specific to Ugandan 
environments need to be identified to develop precise molecular 
markers for selection. 
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Figure 4. A correlation plot showing the relationship between variables. *Shows level of significance of the correlation between 
variables at P<0.05; **Significant at P<0.01, ***Significant at P<0.001; ns – non-significant.

SUMMARY AND CONCLUSIONS 

We utilized the GINA core collection to identify sources of 
resistance to GRD and LLS using phenotypic data. Lines 
identified for resistance to both diseases should be deployed in 
breeding programs as parents for improving susceptible 
lines/varieties or evaluated for yield trials and released as 
improved varieties for farmers across Africa. Limited diversity 
for the traits in the GINA core collection which resulted in 
fewer resistant and high yielding lines being selected can be 
improved by harnessing alleles from the wildtype gene pool, 
more nominations, and landraces collections. In order to ensure 
that phenotypic selection is improved, especially at Serere, the 
disease pressure needs to be enhanced by the use of inoculated 
infector rows or screening of germplasm in the screenhouses 
with artificial inoculation. Moreover, it would be important to 
separate resistance based on the various viral agents forming the 
GRD complex. e use of molecular techniques to identify each 
viral agent and quantify the amount of viral load in the plant 
would give a better idea of the “level of resistance”. Similarly, 
the use of molecular techniques to identify ELS and LLS 
pathogens separately would enable confident identification of 
lines resistant to ELS and/or LLS since LLS tends to mask ELS 
during phenotypic screening. An understanding of the 
pathotypes for both LLS and GRD across Africa will enable 
identification of resistance specific to given pathotypes which 
will pave the way for gene pyramiding and confer broader 
resistance to the diseases. e availability of modern high 
throughput phenotyping and genotyping platforms and tools 
will enable more accurate and speedy selection for resistant 
lines.  

This work estimated the average number of pods per plant, 
one of several yield parameters. Future work needs to focus on 
other yield parameters such as dry pod yield, seed weight, 100 
seed weight and haulm weight to give a clearer picture of yield 
estimates. Larger plot sizes which give a fairly accurate estimate 

of yield should be utilized to avoid erroneous data or negligible 
weights from small plots.  
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