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1. INTRODUCTION19

Groundnut (peanut, Arachis hypogaea L.) is an important oil seed crop belonging to the family20
Leguminosae. It is an essential crop both in subsistence and commercial farming systems in arid and21
semi-arid regions of the world [1]. Groundnut is mainly grown as oilseed, cash crop and animal feed22
[2]. It is the fourth-largest oilseed crop in the world [3]. with major producing countries being China,23
India, Indonesia, Myanmar and Vietnam in Asia; Nigeria, Sudan, Democratic Republic of Congo,24
Chad, Mozambique, Zimbabwe, Burkina Faso, Uganda, and Mali in Africa; USA in North America;25
and Argentina, Brazil and Mexico in Latin America and the Caribbean [4]. Africa contributes about26
24.4% of world production of groundnut [5]. Yield per hectare in Eastern and South Central Africa27
averages 1,604 kg/ha, which is low compared to the 3,393 kg/ha and 3,801 kg/ha recorded in China28
and the United States of America, respectively [6]. Generally, yields of groundnuts grown by29
smallholder farmers in Africa are consistently low [7].30

ABSTRACT

Groundnut which is a major staple food crop in Uganda is constrained by late leaf spot (LLS) and
groundnut rosette disease (GRD), accounting for major economic yield loss. This study was
conducted to identify sources of resistance to LLS and GRD and yield potential of selected
groundnut genotypes that could be used in breeding programs. Thirty-eight groundnut genotypes
were evaluated at the National Semi Arid Resources Research Institute (NaSARRI)-Serere,
Eastern Uganda during the first and second seasons of 2015. The experiment was arranged in
randomized complete block design with four replications. The results showed highly significant (P
< 0.001) genotype-by-season interaction for most of the traits studied. There were significant
differences among the genotypes for 100 seed weight (P < 0.01), and dry pod yield and unshelled
sample of 100 pods at P < 0.05. Late leaf spot severity (at harvest), GRD incidence (at 12 weeks)
and severity (at harvest) were significantly (P < .001) different and positively correlated with Area
Under Disease Progress Curve (AUDPC). GRD severity at harvest showed highly significant (P <
0.001) negative correlation with shelling percentage. Both 100 seed weight and unshelled sample
of 100 pod showed highly significant (P < 0.001) negative correlations with LLS at harvest, LLS
AUDPC, GRD at 12 weeks, GRD AUDPC, and GRD severity. Genotypes susceptible to both LLS
and GRD recorded the lowest 100 seed weight. Nine genotypes (Serenut.2, SGV 0001, SGV
0005, SGV 0006, SGV 0019, SGV 0071, SGV 0082, SGV 0083, and SGV 89751T) showed
resistance to both diseases with high yield potential. These genotypes could be used to introgress
resistance to both diseases in acceptable cultivars which are susceptible.
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In Sub-Saharan Africa (SSA), the crop is grown in many countries by small-scale farmers for direct31
consumption as a food and as a cash crop [8]. The total production of SSA in 2003 was 8.2 million32
tons/year from 9.5 million hectares of land [9], which was less than 8% of the world output. Pressure33
from pests and diseases are among the main reasons behind the low on-farm yields in SSA [10].34

Groundnut is a major staple food crop in Uganda, and has the highest return for labour input35
compared to other food crops [11]. Uganda was ranked number eight in Africa producing 175,00036
tons on 236,000 hectares [5]. It is mainly grown in the eastern and northern parts of Uganda, but37
consumed widely throughout the country [2].38

Production of groundnut in Uganda is constrained by various factors, chiefly among them being the39
late leaf spots (LLS) (Mycosphaerella berkeleyi) and groundnut rosette disease (GRD) caused by a40
virus complex – two viruses (groundnut rosette virus and groundnut rosette assistor virus) and a41
nucleic acid molecule known as satellite RNA. The two diseases are the most important foliar42
diseases of groundnuts accounting for major economic yield losses [2].43

Yield losses from LLS of over 60% have been reported in Uganda [12]. Besides reducing yield, the44
disease also has an adverse effect on seed quality characteristics and quality of fodder which renders45
it unsuitable for use as animal feed. Groundnut rosette disease (GRD) is the most destructive disease46
to groundnut production and it can cause yield losses of up to 100% depending on the growth stage47
at which infection occurs [10]. According to Chintu (2013) [13], the GRD disease appears to be48
spreading to most African countries and may reach other parts of the world outside Africa. GRD49
occurs in fields of all groundnut growing regions of Uganda [14]. GRD usually occurs every growing50
season and its severity increases mostly in the crops grown late in the season [15]. Early GRD51
infection especially before flowering results in a severe or total yield loss [16].52

Different levels of resistance to both LLS and GRD have been developed in numerous groundnut53
germplasm [14], however, there is no information on characteristics of germplasm resistant to LLS54
and GRD and their yield potential. This study was therefore, conducted to identify sources of55
resistance to LLS, GRD and yield potential that could be introgressed into susceptible but adapted56
genotypes in the breeding programs.57

2. MATERIALS AND METHODS58
59

2.1 PLANT GENETIC MATERIALS60
61

The plant materials used in this study consisted of thirty-eight groundnut genotypes (Table 1),62
comprising released varieties and inbred lines developed for high yield and resistance to foliar63
diseases.64

65
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TABLE 1. DESCRIPTION OF 38 GROUNDNUT GENOTYPES SCREENED FOR YIELD AND RESISTANCE TO LATE LEAF SPOT (LLS)66
AND GROUNDNUT ROSETTE DISEASE (GRD)67

No. Entry LLS attribute GRD attribute Pedigree Seed colour No. Entry LLS
attribute

GRD attribute Pedigree Seed colour

1 Abutalata R R - Tan 20 SGV 0076 R MR GWERINUT TAN X S.2 Tan

2 Erudu Red MR MR 86715 X S.2 (9th) Red 21 SGV 0080 R MR GWERINUT TAN X S.2 Tan

3 Gwerinut.T R MR - Tan 22 SGV 0082 R R GWERINUT TAN X S.2 Tan

4 ICGV 01510 MR MR SPANISH D.V.T Tan 23 SGV 0083 R R GWERINUT TAN X S.2 Tan

5 ICGV 03590 R MR SPANISH D.V.T Tan 24 SGV 0084 R MR GWERINUT TAN X S.2 Tan

6 Serenut.1 R MR - Red 25 SGV 89751T R R - Tan

7 Serenut.2 R R GWERINUT TAN X S.2 Red 26 SGV AW .S6 MR MR ACHOLI WHITE D.V.T Reddish

8 Serenut.3 R MR 86715 X S.2 (9th) Red 27 SGV AWI. 0801 MR MR ACHOLI WHITE D.V.T White

9 SGV 0001 R R S.1 X 89751 Tan 28 SGV AWI. 0802 MR MR ACHOLI WHITE D.V.T Red

10 SGV 0003 R R S.1 X 89751 Tan 29 SGV AWI. 0803 R MR ACHOLI WHITE D.V.T Cracks

11 SGV 0005 R R S.1 X 89751 Tan 30 SGV AWI. 0804 R MR ACHOLI WHITE D.V.T Red striped

12 SGV 0006 R R S.1 X 89751 Tan 31 SGV ER 10001 R MR S.3  X ERUDU RED Red

13 SGV 0007 MR R S.1 X 89751 Tan 32 SGV ER 10002 R MR S.3  X ERUDU RED Red

14 SGV 0019 R R S.1 X 89751 Tan 33 SGV ER 10003 R R S.3  X ERUDU RED Red

15 SGV 0023 R R S.1 X 89751 Tan 34 SGV ER 10004 MR R S.3  X ERUDU RED Red

16 SGV 0029 R MR S.1 X 89751 Tan 35 SGV ER 10005 MR MR S.3  X ERUDU RED Red

17 SGV 0071 R R GWERINUT TAN X S.2 Tan 36 SGV ER 10007 R MR S.3  X ERUDU RED Red

18 SGV 0074 MR R GWERINUT TAN X S.2 Tan 37 SGV ER 10009 MR R S.3  X ERUDU RED Red

19 SGV 0075 R MR GWERINUT TAN X S.2 Tan 38 SGV ER 10010 R MR S.3  X ERUDU RED Red

R: Resistant; MR: Moderately resistant; D.V.T: District variety trials. Source: NaSARRI68
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2.2 EXPERIMENTAL SITES69
The experiments were conducted at National Semi Arid Resources Research Institute (NaSARRI) in70
Serere (1°39’N and 33°27’E; 1038 m above sea level), during the first (April-August) and second71
(September-December) rainy seasons of 2015.72

73

2.3 EXPERIMENTAL DESIGN74
All the experiments were carried out in a randomized complete block design (RCBD) with four75
replications each season. The size of experimental plot was 3 x 2 m with 45 cm spacing between76
rows and 15 cm between plants within the rows. Spreader rows technique [17] was used to maximize77
late leaf spot (LLS) and groundnut rosette diseases (GRD) inoculum pressure under natural78
conditions using the groundnut line JL 24 which is highly susceptible to LLS and GRD. Spreader rows79
were planted after every two rows of test materials and at the border of the experiments to maintain80
the effective inoculum load. These rows were planted two weeks before planting the experimental81
materials. All cultural practices recommended for the crop were followed for ensuring good crop82
stand.83

84

2.4 DATA COLLECTION85
2.4.1 LATE LEAF SPOT SEVERITY86
Late leaf spot disease severity scoring was done at 28 and 56 days after planting (DAP) and at87
harvesting based on a rating scale of increasing severity of 1-9. Disease score 1 means 0% foliar88
infection; 2 for 1–5%; 3 for 6–10%; 4 for 11–20%; 5 for 21–30%; 6 for 31–40%; 7 for 41–60%; 8 for89
61–80% and 9 for 81–100% of foliar area infection with plants having almost all leaves defoliated90
leaving bare stems [18]. Genotypes with a disease score 1-3 = resistant, 4–5= moderate resistance,91
6–7 = susceptible and 8-9 = highly susceptible.92

93

2.4.2 GROUNDNUT ROSETTE DISEASE INCIDENCE AND SEVERITY94
Groundnut rosette disease incidence was assessed at 4, 8, and 12 weeks after planting and95
expressed as the percentage of plants infected with GRD over the total number of plants in the plot on96
a scale based on the percentage of disease incidence (PDI) to interpret genotype response according97
to Waliyar et al., (2007) [15]. where; PDI of 0-10 (highly resistant), 11 – 30 PDI (Resistant), 31 – 5098
PDI = moderately resistant and more than 50 PDI = susceptible. Disease severity was scored at 1299
weeks after planting using a scale of 1-9 based on the intensity of disease attack [14], where 1-3100
represented resistant with no or negligible leaf symptoms [where 1= resistant with no symptom, 2 =101
very slight leaf symptoms and 3 = slight leaf symptoms but still negligible]; 4-6 moderately resistant102
with leaf symptoms and no stunting [where 4 = showed 50% symptoms on leaves, 5 = all leaves103
showed symptom of chlorosis and 6 is 25% stunted]; 7-9 = susceptible [where  all leaves showed104
symptom of chlorosis, 7 showed 50% stunted, 8 and 9 severe leaf symptoms with > 50% stunt where105
8 = had few pods while 9 = no pod at all expected]. This rating scale was adopted106
from the Groundnut Improvement Programme at NaSARRI in Serere, Uganda (NaSARRI,107
unpublished).108

109

2.4.3 AREA UNDER THE DISEASE PROGRESS CURVE (AUDPC)110

Area under the disease progress curve (AUDPC) was calculated from the means of incidence and111
severity for LLS and GRD. The means were estimated using Microsoft Excel and AUDPC was112
calculated as described by Campbell and Madden (1990) [19] as follows:113

114 AUDPC = X + X2 (t − t )
Where: Xi = disease incidence at the ith observation115
Ti = time (days) at the ith observation116
n = total number of observations.117

118
2.4.4 DRY POD YIELD KG/HA119

Pods were collected from each plot at harvest and were weighed in Kg and converted to Kg/ha.120
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2.4.5 UNSHELLED SAMPLE OF 100 POD121

A sample of 100 pods was weighed in grams after pods were dried before shelling and data recorded.122
123

2.4.6 SEED WEIGHT FROM 100 POD124

Randomly collected 100 pods from each plot were shelled and seeds weighed in grams.125
126

2.4.7 SHELLING PERCENTAGE127

Randomly selected 100 g pods from each plot was weighed and recorded. Then the same pods were128
shelled by hand and kernels weighed and shells were also weighed. The shelling percentage was129
calculated by using the following formula:130

131 Shelling percentage = Total pod weight − shell weightTotal pod weight in gram x 100
132

133

2.4.8 100 SEED WEIGHT (G)134

Randomly selected 100 kernels from each plot separately was weighed and data recorded.135
136

2.5 DATA ANALYSIS137

All data were subjected to analysis of variance (ANOVA) using the GenStat computer package (14th138
edition (PC/windows 7). The mean, standard errors of mean as well as coefficients of variations were139
calculated from the disease incidence and severity scores at 4, 8, 12 weeks and at harvest and yield140
component using ANOVA generated from the GenStat. Where the ANOVA showed significant141
differences, the means were separated using least significant difference (LSD) at 5% significance142
level. The analysis used the liner model for RCBD as shown below:143 y = μ + τ + β + ϵ
Where: yij = Observation from the ith genotype and jth block, μ = Grand means, τ = effect of the ith144
genotype, β = jth block effect, ϵ = experimental error.145

146
3. RESULTS AND DISCUSSION147

3.1 Phenotypic Variability148
The results of analysis of variance among the 38 groundnut genotypes for late leaf spot (LLS),149
groundnut rosette disease (GRD) and yield parameters evaluated in two seasons are presented in150
Table 2. The results showed highly significant difference (P < 0.001) among genotype-by-season151
interaction for most of the traits studied. Significant differences were recorded for days to flowering,152
100 seed weight (P < 0.01), dry pod yield and unshelled sample of 100 pod (P < 0.05). The genotypes153
were highly significantly (P < 0.001) different for seed weight from 100 pod and shelling percentage.154

The differences indicated the presence of high genetic variability in the genotypes [17] and [20] for155

these traits.156
157
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Table 2. Mean sum of squares for LLS and GRD incidence, severity, AUDPC and yield parameters for 38 groundnut genotypes evaluated in Serere158
season A and B, 2015.159

SOV Df DTF LLS 4
Weeks

LLS8W LLS At
harvest

LLS
AUDPC

GRD
4Weeks

GRD 8
Weeks

GRD 12
Weeks

GRD
AUDPC

GRD
severity

Dry pod
yield Kg/ha

Unshelled
sample of
100 pod

Seed wt
from 100

pod

Shelling% 100 seed
wt (g)

Rep 3 3.117 0.13 0.09 0.42 1584.1 5.18 6.7 9.51 14153 0.71 109630 30.5 24.9 47.87 17.72

Geno 37 73.059*** 0.27** 1.19*** 4.40*** 10165.7*** 36.08*** 224.91*** 652.14*** 699053*** 11.07*** 5568688*** 4547.2*** 2135.4*** 154.47*** 666.7***

Season 1 29.69*** 0.8421* 7.58*** 13.90*** 13932.1*** 304*** 2495.53*** 3120.64*** 4212153**
*

118.75*** 18647484*** 12572.5*** 438ns 6360.15*** 3429.1***

Geno. ×
season

37 4.63** 0.30*** 0.63*** 0.972*** 2656.8*** 16.09*** 83.21*** 305.62*** 323890*** 2.15*** 507122* 340.8* 131.6ns 79.84ns 98.8**

Residua
l

225 2.41 0.14 0.27 0.31 796.2 4.65 30.28 43.58 45599 0.91 307798 220.2 113.3 74.08 52.4

mean 26.31 1.20 2.45 3.96 216.8 3.47 8.44 14.01 489.3 3.70 1515 109.1 64.71 59.75 42.04

Max 39 3 5 7 378 18 58 75 2212 9 3867 180 110 91.67 75

Min 20 1 1 2 126 1 1 4 140 1 100 40 20 27.27 10

CV% 5.9 30.9 21.1 14.1 13 62.2 65.2 47.1 43.6 25.8 36.6 13.6 16.4 14.4 17.2

160

SOV: Source of variation; Df: Degree of freedom; LLS 4 w: Late leaf spot score at four weeks after planting; LLS 8 w: Late leaf spot score at eight weeks after planting;161
LLS at Harvest: Late leaf spot score at harvest; LLS AUDPC: Late leaf spot-Area under disease progress curve; GRD 4W: Groundnut rosette disease score162
at four weeks after planting; GRD 8 w: Groundnut rosette disease score at eight weeks after planting; GRD12W: Groundnut rosette disease score at twelve163
weeks after planting; GRD AUDPC: Groundnut rosette disease-Area under disease progress curve; GRD Severity: Groundnut rosette disease severity at164
harvest; Max: Maximum value; Min: Minimum value; *** = Significant at .001; ** = Significant at .01; * = Significant at .05.165

UNDER PEER REVIEW



7

The highly significant (P < 0.001) difference of genotype-by-season interactions for disease incidence,166
severity and AUDPC and among the genotypes for all the yield traits studied, confirmed the existence167
of wide variation among genotypes and differential response of genotypes to the seasons. Similar168
finding were reported by Azharudheen and Gowda, (2013) [21] , who studied late leaf spot disease169
resistance and productivity traits (pod yield/plant, 100-seed weight and shelling %) in two seasons of170
2009 and reported that, genotype x season was significantly (p < 0.05) different for LLS at 90 days,171
100-seed weight and Shelling %. On the other hand Mugisa, et al., (2016) [20] studied establishment172
of the factors influencing the occurrence and severity of GRD in Uganda and found that GRD disease173
incidence, severity and groundnut yields were significantly (P < 0.05) affected by interaction of174
genotype x season implying that these genotypes consisted of a source of high yielding and175
resistance to LLS and GRD for use for improvement of existing low yielding and susceptible176
groundnut varieties currently in use. The results also suggested that for the purpose of breeding,177
cultivars could be developed for different disease resistances in different seasons.178

3.2 Disease Intensity, Resistance and Yield Potential179

Diseases incidence, severity and AUDPC for LLS and GRD and the yield traits for groundnut180
genotypes grown at Serere during first and second raining season of 2015 are presented in Table 3.181
The score of LLS at 4 and 8 weeks ranged between 1  (Abutalata, Gwerinut.T, Serenut.1, SGV 0001,182
SGV 0005, SGV 0023, SGV 0071, SGV AWI. 0804 and SGV ER 10010) and 3.25 (Erudu Red and183

SGV 0007) indicating that these genotypes were resistant [18] at the early stages of growth,184

suggesting that while the plants are growing up, the pathogen is non-infective and the pathogen185
becomes aggressive later, in the growth cycle of the crop and then the resistant genotypes will remain186
healthy and the susceptible cultivars will collapse [22]. LLS disease severity at harvest ranged187
between 2.63 (SGV AWI. 0804) and 4.00 (SGV ER 10007). The lowest AUDPC (152.20) was188
recorded for genotype SGV AWI. 0804, while SGV 0007 showed the highest AUDPC (288.80)189
indicating that the resistant genotypes had low AUDPC which is antithesis to the susceptible ones.190
Watson et al. (1998) [23] in their study of the etiological mechanisms of LLS resistance observed slow191
disease progress in two resistant genotypes than in susceptible ones.192

UNDER PEER REVIEW



8

Table 3. Means and  LSD for days to flowering, late leaf spot at 4, 8 weeks, at harvesting and area under disease progress curve of 38 groundnut193
genotypes grown at NaSARRI in season A and B of 2015.194

No. Entry DT50
%F

LLS 4
w

LLS 8
w

LLS at
Harvest

LLS
AUDPC

GRD
4W

GRD
8 w

GRD
12W

GRD
AUDPC

GRD
Severity

Dry
Pod

Yld kg/ha

Unshelled
Sample of
100 pod

Seed
Wt 100

pod
Shellin

g%
100

seed
wt

1 Abutalata 37.75 1.00 2.63 3.63 194.20 1.25 2.25 5.88 200 2.88 882.00 54.50 32.94 62.01 42.00

2 Erudu Red 31.13 1.13 3.25 5.25 267.80 9.12 22.88 25.50 970 5.75 1286.00 75.62 47.79 62.67 27.15

3 Gwerinut.t 22.75 1.00 2.50 3.88 204.80 4.75 8.50 11.75 462 4.00 2188.00 126.25 79.04 63.53 50.40

4 ICGV 01510 24.50 1.38 3.00 5.13 273.00 4.12 11.63 30.75 977 5.25 1223.00 84.38 50.19 60.94 34.64

5 ICGV 03590 25.88 1.25 2.38 3.13 183.80 10.38 21.62 31.75 1180 5.13 2239.00 101.25 59.15 60.33 36.96

6 Serenut.1 25.50 1.00 1.75 3.13 173.20 3.50 7.25 31.62 984 4.38 1160.00 113.13 71.24 63.02 44.65

7 Serenut.2 23.63 1.25 2.13 3.13 183.80 2.88 4.38 7.00 277 2.38 1467.00 126.88 80.54 63.52 46.42

8 Serenut.3 30.38 1.25 2.25 3.88 215.20 1.75 7.13 10.13 333 3.75 798.00 93.75 53.16 56.56 32.74

9 SGV 0001 25.63 1.00 2.13 3.50 189.00 1.50 4.50 9.25 301 2.63 1744.00 127.50 66.34 52.44 41.89

10 SGV 0003 26.13 1.25 2.38 3.88 215.20 2.38 4.25 7.38 273 2.38 2821.00 136.25 78.95 58.45 48.84

11 SGV 0005 25.25 1.00 1.75 3.00 168.00 2.38 5.63 9.00 319 2.38 2823.00 137.50 82.74 60.62 50.19

12 SGV 0006 26.50 1.13 2.38 3.88 210.00 3.00 8.50 13.63 466 2.63 1671.00 132.50 81.49 61.65 51.82

13 SGV 0007 27.00 1.75 3.25 5.13 288.80 2.38 5.38 8.50 305 2.38 1588.00 125.62 80.13 64.91 51.56

14 SGV 0019 26.88 1.13 2.25 3.50 194.20 3.12 5.88 10.88 392 2.75 2379.00 136.25 81.56 59.96 48.17

15 SGV 0023 26.13 1.00 2.38 3.50 189.00 2.50 3.88 9.13 326 3.00 2401.00 126.88 75.40 59.86 51.00

16 SGV 0029 25.75 1.25 2.25 3.50 199.50 2.25 8.38 12.25 406 3.75 1326.00 140.00 81.11 58.31 48.99

17 SGV 0071 22.75 1.00 2.25 3.75 199.50 3.62 6.88 10.00 382 3.13 2416.00 121.88 75.36 61.70 48.30

18 SGV 0074 25.13 1.50 2.88 5.00 273.00 4.62 6.00 10.75 431 2.50 2202.00 127.50 81.90 64.91 53.34

19 SGV 0075 24.75 1.13 2.63 3.75 204.80 5.25 8.75 11.63 473 3.75 2394.00 126.88 79.68 62.88 50.56

20 SGV 0076 25.13 1.25 2.63 3.75 210.00 4.38 6.88 10.63 420 3.63 2642.00 126.88 80.78 64.00 47.64

21 SGV 0080 24.38 1.13 2.38 3.63 199.50 4.75 7.13 13.62 515 3.50 2633.00 113.75 70.53 62.34 48.30

22 SGV 0082 24.25 1.13 2.38 3.63 199.50 4.00 5.38 8.50 350 3.13 2111.00 129.38 81.34 63.80 53.67

195
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No. Entry DT50
%F

LLS 4
w

LLS 8
w

LLS at
Harvest

LLS
AUDPC

GRD
4W

GRD
8 w

GRD12
W

GRD
AUDPC

GRD
Severity

Dry
Pod

Yld kg/ha

Unshelled
Sample of
100 pod

Seed
Wt 100

pod
Shelling

%
100

seed
wt

23 SGV 0083 23.13 1.13 2.38 3.88 210.00 2.88 5.25 8.88 329 3.25 2026.00 135.00 83.76 62.69 52.21

24 SGV 0084 26.38 1.25 2.63 3.88 215.20 2.25 5.63 13.63 445 3.50 2756.00 129.38 78.95 62.02 51.37

25 SGV 89751T 25.13 1.25 2.25 3.63 204.80 2.00 4.88 8.63 298 2.38 2317.00 132.50 86.60 66.01 52.25

26 SGV AW. S6 22.50 1.75 3.00 4.50 262.50 6.12 15.50 32.62 1085 5.75 692.00 105.63 52.50 50.32 42.50

27 SGV AWI. 0801 23.13 1.13 2.75 4.63 241.50 8.00 20.12 36.88 1256 6.25 246.00 70.25 38.75 57.35 28.75

28 SGV AWI. 0802 22.63 1.38 2.75 4.63 252.00 5.75 20.00 34.88 1138 5.13 423.00 83.75 54.38 66.89 30.62

29 SGV AWI. 0803 23.63 1.25 1.88 3.00 178.50 1.88 15.50 34.38 1015 6.00 429.00 88.12 44.38 50.70 31.25

30 SGV AWI. 0804 24.88 1.00 1.50 2.63 152.20 2.88 7.88 32.50 991 5.75 294.00 88.12 53.75 60.97 34.37

31 SGV ER 10001 28.25 1.38 2.50 4.25 236.20 1.88 5.13 12.88 413 3.50 594.00 96.25 52.39 54.56 36.70

32 SGV ER 10002 29.13 1.25 2.38 3.75 210.00 1.25 4.00 13.25 406 3.75 608.00 101.25 52.10 51.29 37.15

33 SGV ER 10003 28.75 1.13 2.63 3.00 173.20 2.00 5.25 9.50 322 3.00 563.00 94.38 50.74 59.11 34.45

34 SGV ER 10004 28.75 1.25 2.38 5.13 267.80 1.50 4.50 7.00 238 2.63 1117.00 103.13 53.90 52.43 34.96

35 SGV ER 10005 29.38 1.25 3.00 5.50 283.50 3.25 12.88 36.12 1102 4.88 955.00 52.50 31.25 60.02 18.34

36 SGV ER 10007 28.88 1.25 2.38 4.00 220.50 1.63 5.38 12.50 396 3.63 615.00 96.25 53.79 56.62 36.77

37 SGV ER 10009 28.88 1.25 2.75 5.25 273.00 2.50 6.75 10.25 357 2.63 650.00 95.62 50.48 54.95 34.85

38 SGV ER 10010 29.38 1.00 2.38 4.25 220.50 2.12 9.25 11.38 378 3.75 882.00 88.75 50.01 56.23 31.57
LSD 5.90 0.52 0.72 0.78 39.32 3.00 7.67 8.37 273.1 1.33 773.10 20.68 14.83 11.99 10.09

No: Number; DT50%F: Days to 50% flowering; LLS 4 w: Late leaf spot score at four weeks after planting; LLS 8 w: Late leaf spot score at eight weeks after196
planting; LLS at Harvest: Late leaf spot score at harvest; LLS AUDPC: Late leaf spot-Area under disease progress curve; GRD 4W: Groundnut rosette197
disease score at four weeks after planting; GRD 8 w: Groundnut rosette disease score at eight weeks after planting; GRD 12W: Groundnut rosette disease198
score at twelve weeks after planting; GRD AUDPC: Groundnut rosette disease-Area under disease progress curve; GRD Severity: Groundnut rosette disease199
severity at harvest.200
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Significant differences in GRD incidence, severity and AUDPC were recorded for the interaction of the202
genotype x season (Table 2).  All the genotypes were significantly (P < 0.001) different and resistant203
to GRD up to 12 weeks except, ICGV 01510, Serenut.1, ICGV 03590, SGV AWI. 0804, SGV AW .S6,204
SGV AWI. 0803, SGV AWI. 0802, SGV ER 10005 and SGV AWI. 0801, which were moderately205
susceptible (Table 3). Shelling percentage was highly significantly (p < 0.001) affected by genotypes206
and seasons but not genotype-by-season interaction. The highest shelling percentage was exhibited207
by SGV AWI. 0802 (66.89%) while the lowest was exhibited by SGV AW.S6 (50.32%), indicating that208
high yielding and shelling property potentials were present in these genotypes. Chintu, (2013) [13]209
reported similar results for resistance to rosette disease and its aphid vector in groundnut. Low yield210
performance was observed on the non-resistant genotypes Table 3. The lowest 100 seed weight211
(ranging between 18.34 and 30.62) was recorded by SGV ER 10005, Erudu Red, SGV AWI. 0801212
and SGV AWI. 0802. These genotypes were moderately susceptible to both LLS and GRD. The213
reductions may be attributed to the reduced photosynthetic efficiencies due to infection by the two214
diseases [24]. The diseases were severely aggressive in the field in the two seasons and Serere was215
considered as a hot spot for the LLS and GRD diseases [14]. Forrest et al. (1996) [25], reported that216
severe infection of Cercospora leaf spot disease significantly reduced the dry weight and greatly217
reduced the photosynthetic surface of the crop resulting in a serious loss of yield potential. Similarly218
GRD is known to dramatically reduce vegetative growth of the plant, thus decrease the yield potential219
through reduction of dry weight of GRD infected groundnut plant [26]. The results suggested that as220
the incidence and severity of the diseases increased, the yield decreased significantly through the221
significant negative effects of the diseases on both the morphological and reproductive growth of the222
plants [27]. Thirteen genotypes (Abutalata, Serenut.2, SGV 0001, SGV 0003, SGV 0005, SGV 0006,223
SGV 0019, SGV 0023, SGV 0071, SGV 0082, SGV 0083, SGV 89751T, and SGV ER 10003) showed224
resistance to both LLS and GRD diseases but five of these cultivars exhibited relatively low yield225
performance (Table 3) suggesting that this could be attributed to yield penalty associated with226
resistance to LLS and GRD due to the plants spending energy to express the genes of resistance227
which makes the plant direct most of its nutrients resources into resistance instead of yield. [28].228

3.3 Interrelationships among Diseases Indexes, Yield and Yield Traits229

230

The results of correlation analysis among the traits studied are presented in Table 4. AUDPC for LLS231
and GRD showed highly significant (P < 0.001) positive correlation with LLS severity at harvest, GRD232
incidence up to 12 weeks and GRD severity at harvest. This was expected since LLS and GRD are233
complex and epidemic diseases [7]. Similar results were obtained by Orondo et al. (2007), [29]. for234
AUDPC of crop resistance to rosette and leaf spot.235

GRD severity at harvest showed highly significant (P < 0.001) negative correlation (r = -0.229) with236
Shelling%, indicating that GRD severity at harvest affected the shoot growth which reflected on the237
pods and shelling %. Sylvanus (2014) [30] reported similar findings in which there was a reduction in238
shelling percentage due to complete defoliation of the groundnut leaves at all growth stages.239
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Unshelled sample of 100 pod showed highly significant (P < 0.001) negative correlation with LLS at240
harvest, LLS AUDPC, GRD at 8 and 12 weeks, GRD AUDPC, and GRD severity with values of -241
0.242, -0.198, -0.225, -0.380, -0.337, and -0.312 respectively. 100 seed weight showed highly242
significant (P < 0.001) negative correlation with the same disease parameters with values of -0.284, -243
0.218, -0.210, -0.341, -0.297 and -0.278 respectively. On the other hand, dry pod yield kg/ha showed244
highly significant (P < 0.001) negative correlation with GRD at 8 weeks (r = -0.314), GRD at 12 weeks245
(r = -0.411), GRD AUDPC (r = -0.370), and GRD severity (r = -0.410). These results showed that the246
association between yield traits and diseases were highly significant (P < 0.001) negatively correlated247
indicating that LLS and GRD highly contributed to the yield reduction since the plant leaf area was248
negatively affected as the diseases developed [31]. The loss of leaf area at any stage of the crop249
growth resulted in the reduction of net photosynthetic area in which the higher the degree of250
defoliation the more the loss in seed yield and production [32].251

252
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Table 4. Correlation of diseases incidence, severity, AUDPC and agronomic traits253

Traits DT50%F LLS 4 w LLS 8w LLS At
harvest

LLS
AUDPC

GRD 4 w GRD 8 w GRD 12
w

GRD
AUDPC

GRD
severity

Seed wt
of 100
pod

Shelling
%

Unshelle
d 100

pod wt

100 seed
wt

Dry
pod
yld

kg/ha
DT50%F -
LLS 4 w -0.022 -
LLS 8w 0.050 0.422*** -
LLS At
harvest

0.162* 0.176** 0.468*** -

LLS
AUDPC

0.131* 0.526*** 0.563*** 0.930*** -

GRD 4 w -0.195*** 0.022 0.233*** -0.031 -0.019 -
GRD 8 w -0.174* 0.036 0.275*** -0.002 0.012 0.716*** -
GRD 12

w
-0.232*** 0.053 0.130* -0.003 0.018 0.525*** 0.758*** -

GRD
AUDPC

-0.244*** 0.051 0.164** -0.009 0.011 0.674*** 0.814*** 0.983*** -

GRD
severity

-0.182* 0.016 0.177** -0.089 -0.071 0.511*** 0.654*** 0.710*** 0.728*** -

Seed wt
of 100
pod

-0.346*** 0.018 -0.113* -0.177** -0.146* -0.080 -0.289*** -0.406*** -0.370*** -0.418*** -

Shelling
%

-0.079 -0.026 -0.017 0.071 0.052 -0.067 -0.131* -0.106 -0.107 -0.229*** 0.422*** -

Unshelle
d 100

pod wt

-0.335*** 0.030 -0.109 -0.242*** -0.198*** -0.033 -0.225*** -0.380*** -0.337*** -0.312*** 0.827*** -0.123* -

100 seed
wt

-0.238*** 0.074 -0.056 -0.284*** -0.218*** -0.003 -0.210*** -0.341*** -0.297*** -0.278*** 0.718*** 0.067 0.740*** -

Dry pod
yld

kg/ha

-0.169** -0.106 -0.087 -0.075 -0.105 -0.060 -0.314*** -0.411*** -0.370*** -0.410*** 0.600*** 0.281*** 0.476*** 0.419*** -

DT50%F: Days to 50% flowering; LLS 4 w: Late leaf spot score at four weeks after planting; LLS 8 w: Late leaf spot score at eight weeks after planting; LLS at Harvest: Late254
leaf spot score at harvest; LLS AUDPC: Late leaf spot-Area under disease progress curve; GRD 4W: Groundnut rosette disease score at four weeks after planting; GRD 8 w:255
Groundnut rosette disease score at eight weeks after planting; GRD12W: Groundnut rosette disease score at twelve weeks after planting; GRD AUDPC: Groundnut rosette256
disease-Area under disease progress curve; GRD Severity: Groundnut rosette disease severity at harvest; Dry Pod Yld kg/ha: Dry pod yield kilo gram per hectare; Unshelled257
Sample of 100 pod: Unshelled Sample of hundred pods; Seed Wt 100 pod: Seed weight of hundred  pods;  Shelling%: Shelling percentage; 100 seed wt: Hundred seed258
weight.259
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260

4. CONCLUSION261

There was variation in the disease reaction and yield traits among the 38 groundnut genotypes which262
could be used in selecting parental lines for improving yields and resistance to the late leaf spot and263
groundnut rosette diseases. Low yield was observed on the non-resistant genotypes which was264
attributed to the reduced photosynthetic capacity of the plant due to LLS and GRD infection. Nine265
genotypes (Serenut.2, SGV 0001,  SGV 0005, SGV 0006, SGV 0019, SGV 0071, SGV 0082, SGV266
0083, and SGV 89751T) displayed resistance to both LLS and GRD diseases and could be used to267
introgress the diseases  resistance into susceptible accepted market class groundnut cultivars.268
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