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Abstract

Groundnut production in Uganda is constrained by groundnut rosette disease (GRD), the main cause of
yield loss experienced by farmers. We conducted the current study to assess the responses of improved
groundnuts to diseases (rosette and late leaf spot) and yield under local conditions. Four released groundnut
genotypes (Serenut SR, Serenut 8R, Serenut 9T and Serenut 14R) were evaluated in four locations in northern
Uganda for two seasons in 2019. We established the experiment following randomised complete block
design with three replications. GRD severity (harvest) and late leaf spot (LLS) severity (harvest) on the four
genotypes were not significantly (P > 0.05) different but positively correlated with the Area Under Disease
Progress Curve (AUDPC). Genotype-by-location interaction for LLS AUDPC, GRD AUDPC and dry pod
yield were significant (P < .001). Season-by-genotype interaction was not significant (P = 0.367). Days to
50% flowering were also not significant (P > 0.05). Highest and lowest yields were recorded for Serenut 9T
in the Omoro district (1,291 kg/acre) and the Amuru district (609 kg/acre), respectively. Dry pod yield was
significantly (P < 0.001) negatively correlated with GRD severity and GRD AUDPC. Yield performance of
the four genotypes was not significantly (P < 0.05) different in the districts, except for Kitgum, where
yields of Serenut 9T and Serenut 8R were significantly (P < 0.05) higher. These genotypes could be used to
manage GRD by smallholder farmers in Northern Uganda. Special consideration should therefore be given to
these four groundnut genotypes for GRD management in the Acholi sub-region.
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1. Introduction

Groundnut (4drachis hypogaea L.) is an important oil seed crop in arid and semi-arid regions of the world
(Thakur et al., 2013). Uganda is one of the major producers of groundnuts in Africa (Shiferaw et al., 2010). In
Uganda, the groundnut is the second most important food legume after beans (Okello et al., 2014b). The crop
provides multiple benefits to smallholder farmers in rural areas. It is a cheap source of protein to households with
limited access to expensive animal diets (Rachier, 2005). The crop is also a source of household income.
Collectively, this makes groundnut an important food security crop in both rural and urban areas of Uganda
(Obuo et al., 2004). While groundnut is hugely important as highlighted above, its productivity in Uganda is still
very low, estimated at less than 800 kg/ha yet yields as high as 2500 kg to 3000 kg/ha can be achieved (Okello et
al., 2017; Okello et al., 2014a). A combination of biotic (pests and diseases), abiotic (drought at critical stages)
and socio-economic factors are key limitations to the productivity of groundnut.

Pests and diseases are among the major production constraints of groundnuts in Uganda. Major diseases include
late leaf spots (LLS) caused by the fungus Phaeoisariopsis personatum (Okello et al., 2013) and groundnut
rosette disease (GRD) caused by a virus complex of two viruses (groundnut rosette virus and groundnut
rosette assistor virus) and a nucleic acid molecule known as satellite RNA (Okello et al., 2014a). Late leaf
spot infection occurs 55-57 days after sowing. The spots are usually circular on lower surface, in concentric rings.
Spot on upper leaf surface are brown to black, tending towards black, while on the lower leaf surface the spots
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are black (Okello et al., 2013). Among diseases, Groundnut rosette disease (GRD) is the most important (Mugisa
et al., 2016; Okello et al., 2010). According to Mugisa et al. (2016) groundnut rosette disease can cause total
crop failure when susceptible genotypes are grown. The disease occurs in all groundnuts growing regions of
Uganda and it is characterized by unpredictable epidemics (Okello et al., 2010). Improving cropping practices
and breeding for host-plant resistance have been the focus of GRD control in Uganda (Okello et al., 2014a).
Collaboration between the National Agricultural Research Organisation (NARO) of Uganda and International
Crops Research Institute for the Semi-Arid Tropics (ICRISAT) resulted in release of groundnut rosette resistant
varieties such as Serenut 5R, 6T, 7T, 8R, 9T, 10R, 11T, 12R, 13T, and 14R (Okello et al., 2013, 2015). The
resistant varieties have important traits including high yield potential, drought tolerance, and seed characteristics
that are critical for meeting consumer demand (Busolo-Bulafu, 2004). Although groundnut resistant varieties are
available and could be used in subsistence agriculture, performance of the resistant varieties under different
agro-ecological conditions in northern Uganda is not fully known.

Research on cropping practices has led to the development of control options for GRD. Such practices are either
capital or knowledge-intensive, thus limiting their adoption. According to Mugisa et al. (2016), management
practices such as intercropping, planting at close spacing, petsicide application and rogueing does not
significantly reduce GRD incidence and severity of in farmers’ fields. Use of improved varieties and early
sowing are however, effective in controlling GRVD in farmers’ fields (Mugisa et al., 2016). The most reliable
and easy to adopt control method of GRD is therefore, the cultivation of resistant genotypes (Shiferaw et al.,
2010; Busolo-Bulafu, 2004). Thus, the availability of high yielding and disease resistant varieties adapted to
conditions offers the most cost effective long-term control measure for sustainable production of groundnuts
(Kueneman, 2002). Such varieties however, must show high performance for important agronomic traits and
their dominance should be consistent over a wide range of production environments (Kaketo et al., 2018).
Identification and promotion of improved varieties with farmer-preferred traits in northern Uganda is important.
According to Minde et al. (2017), stable genotypes adjust their phenotypic responses to provide some measure of
uniformity in spite of environmental fluctuations.

Multi-environment adaptive trials are conducted to ensure that selections made have a reliable and a predictable
performance in farmers’ fields (Sahoo et al., 2017; Fliert, et al., 2010). The goal is usually to identify superior
cultivars for a target location (Trouchea et al., 2010). Good adaptive capacity means superior productivity of a
genotype (Adee et al., 2016; Alvaro et al., 2008). The actual yield and consistency of yield of an improved
variety is an index of adaptation, although yield is an outcome of several processes at all stages in the growth and
development of the crop (Maiti et al., 2014; Powell et al., 2012). Therefore, assessment of adaptation should
include evaluation of responses to abiotic stresses, phonological and genetic performance. Development of new
varieties requires full participation of stakeholders (Scoones et al., 2009). On-farm trials provide vital tools for
enhancing cultivar adoption rates in farming communities (Kakeeto et al., 2018; Joshi et al., 2007; Assefa et al.,
2005). According to Kaizzi et al., 2006, on-farm trials enable the incorporation of farmers’ opinions and ensure
testing of technologies under farmers’ management conditions. Sibiya et al. (2013) reported increased rates of
adoption and reduced variety abandonment where farmers’ knowledge and experiences are acknowledged.

In this paper, the responses of 4 improved groundnut genotypes to natural late leaf spot and groundnut rosette
disease pressures, their growth and yield performances under local conditions in northern Uganda were evaluated
for two cropping seasons in 2019 with a view to identifying most adapted genotypes.

2. Materials and Methods
2.1 Planting Materials

The planting materials used in this study consisted of four released groundnut varieties (Table 1), developed
for high yield and resistance to foliar diseases.
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Table 1. Key attributes of commercial groundnut varieties included in the study

Key attributes
Maturity period (days) Grain yield (tons/ha)  Special attributes

Serenut 5R 2010 100-110 25 . Tolerant to drought -
. Rosette & leaf spot resistant

. Tolerant to drought
Serenut §R 2011 100-110 2.5 . Rosette & leaf spot resistant
. Stay green

. Tolerant to drought

Variety name Year of release

. Rosette & leaf spot resistant

. Easy to shell

. Stay green

-« Toleranttodrought
Serenut 14R 2011 100-110 2.5 . Rosette & leaf spot resistant

. Stay green

2.2 Experimental Sites

The experiment was conducted at Ngetta Zonal Agricultural Research and Development Institute (Ngetta
ZARDI) satellite station in Kitgum (02°.13697'N; 032°.51702'E), Omoro (02°.42432'N; 032°.32037'E),
Amuru (02°.49045'N; 031°.52229'E) and Nwoya 02°.45632'N; 031°.54264'E) districts in 2019 during the first
and second rainy seasons, March to June and August to December respectively.

2.3 Experimental Design

All the experiments were established following a randomized complete block design (RCBD) with three
replications. The size of the experimental plot was 5 x 5 m with spacing of 45 cm between rows and 15 cm
between plants in the rows. Each plot contained 370 plants. Local groundnut (Alur) which is highly
susceptible to LLS and GRD was included to maximize late leaf spot (LLS) and groundnut rosette diseases
(GRD) inoculum pressure under natural conditions. Local groundnut was planted the same time with
experimental materials. All recommended agronomic practices including timely weeding were followed.

2.4 Data Collection

Late leaf spot disease severity scoring was done at 4, 8, 12 weeks after planting and at harvesting using a
scale of 1-9, where 1 = 0% foliar infection; 2 = 1-5%; 3 = 6-10%; 4 = 11-20%; 5 = 21-30%; 6 =
31-40%; 7 = 41-60%; 8 = 61-80% and 9 = 81-100% of foliar area infection with plants having almost all
leaves defoliated leaving bare stems (Khalid et al., 2018). Genotypes with a disease score 1-3 = resistant,
4-5 = moderate resistance, 6-7 = susceptible and 8-9 = highly susceptible.

Groundnut rosette disease incidence was assessed at 4, 8, and 12 weeks after planting and expressed as the
percentage of plants infected with GRD over the total number of plants in the plot. Disease severity was
scored at 12 weeks after planting using a scale of 1-9 based on the intensity of disease attack (Khalid et al.,
2018; Okello et al., 2014), where 1-3 = resistant with no or negligible leaf symptoms [where 1 = resistant
with no symptom, 2 = very slight leaf symptoms and 3 = slight leaf symptoms but still negligible]; 4-6 =
moderately resistant with leaf symptoms and no stunting [where 4 = showed 50% symptoms on leaves, 5 =
all leaves showed symptom of chlorosis and 6 is 25% stunted]; 7-9 = susceptible [where all leaves showed
symptom of chlorosis, 7 showed 50% stunted, 8 and 9 severe leaf symptoms with > 50% stunt where 8 =
had few pods while 9 = no pod at all).

2.4.1 Dry Pod Yield

Pods were collected from each plot at harvest, dried and were weighed in kilograms (kg). Plot yield were
converted to kilogram per acre (kg/acre).

2.5 Data Analysis

Data were normalized, following tests for normality. Late leaf spot severity data and GRD incidence data were
used to calculate the Area Under Disease Progress Curve (AUDPC) (Madden et al., 2007) prior to statistical
analysis. Analysis of variance (ANOVA) were performed in GENSTAT statistical package 16™ edition (Payne et
al., 2011). The means were separated using least significant difference (LSD).
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3. Results
3.1 Late Leaf Spot Disease and Groundnut Rosette Disease Severity

The results of the response of the 4 improved varieties to LLS and GRD infection under natural infections
in the field is presented in Table 2. A highly significant difference (P < .001) in LLS severity at harvest,
LLS AUDPC and GRD AUDPC was recorded for genotype by location interaction. Highest and lowest
LLS severity was recorded on Serenut 14R in Amuru District and Serenut 8R in Omoro District,
respectively. Overall, LLS severity on the 4 improved groundnut varieties was significantly (P < 0.05)
lower than LLS severity on local checks in the 4 locations. Average disease score for all the genotypes
across locations was in the rage of 4-5. GRD severity among the 4 varieties tested was not significant at P <
0.05. GRD severity ranged from 1.5 to 3.5. The highest and lowest GRD severity was recorded on Serenut
8R in Amuru District and Serenut 9T in Omoro District, respectively. GRD severity on the tested varicties
was however, significantly (P < .001) lower than GRD severity on the local check in the 4 locations.
Significant difference (P < 0.031) of genotype-by-season interactions for LLS AUDPC was recorded. GRD
AUDPC was not significant (P = 0.951) for genotype-by-season interactions.

Table 2. Means and LSD of LLS severity, GRD severity, LLS AUDPC and GRD AUDPC parameters of 4
groundnut genotypes evaluated in northern Uganda in seasons A and B, 2019

. LLS severity 12weeks GRD severity harvest LLS AUDPC GRD AUDPC

Variety A N O K LSD A N O K LSD A N O K LSD A N (0) K LSD
S.5R 47 45 42 43 09 32 20 1.3 27 24 17.0 163 133 203 42 520 135 78 54 467

S.8R 48 43 33 40 08 35 1.7 1.3 22 22 147 137 12.7 173 28 64.0 140 6.0 24.8 40.2

SI9T 48 42 37 3.8 08 23 15 1.3 20 1.9 13.0 13.0 13.0 173 43 30,0 7.8 53 19.7 209

S.14R 50 38 4.0 38 0.6 32 1.8 1.3 3.0 1.8 13.7 143 127 157 29 520 9.0 102 313 263

Local check 6.8 7.5 63 82 0.8 7.7 58 48 50 22 20.0 19.7 193 29.7 4.7 271.7 79.7 935 52.0 121.8
LSD 0.8 08 0.7 08 25 17 1.6 23 36 40 3.1 39 109.3 23.0 29.6 51.0

Note. S.5R: Serenut 5R; S.8R: Serenut 8R; S.9T: Serenut 9T, S.14R: Serenut 14R; A: Amuru district; N:
Nwoya district; O: Omoro district; K: Kitgum district; LLS severity 12 weeks: Late leaf spot score at 12 weeks
after planting; LLS AUDPC: Late leaf spot-Area Under Disease Progress Curve; GRD severity harvest:
Groundnut rosette disease score at harvest; GRD AUDPC: Groundnut rosette disease-Area Under Disease
Progress Curve.

3.2 Yield Potential

Results of days to 50% flowering and yields of the 4 genotypes tested are presented in Table 3. Days to 50%
flowering was not significant (P < 0.05) in all the 4 locations. Local check however, exhibited a
significantly (P < .001) lower days to 50% flowering. Highly significant difference (P < .001) in yields of
the 4 varieties was recorded. Genotype by location interaction was also significant (P = 0.044). The highest
and lowest yield was recorded for Serenut 9T (1291 kg/acre) in Omoro District and Serenut 9T (609 kg/acre)
in Amuru district, respectively. Genotype by sesason interaction was not significant (P = 0.230) for yield.

Table 3. Means and LSD of days to 50% flowering and yield of 4 groundnut genotypes grown in northern
Uganda in 2019A and 2019B seasons

Variety Days to 50% flowering Dry pod yield (kg/acre)

A N (0] K LSD A N (0] K LSD
Serenut SR 31.2 29.0 28.7 27.0 2.3 876 844 1076 852 201
Serenut 8R 317 29.3 28.0 27.3 2.3 767 874 1142 859 253
Serenut 9T 31.8 29.2 27.7 27.2 24 609 914 1291 1122 394
Serenut 14R 317 28.3 28.3 26.2 24 815 956 1154 930 289
Local check 25.7 24.7 23.7 243 1.3 483 205 614 407 214
LSD 2.7 22 2.1 1.9 290 206 330 240
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Overall performance of the tested genotypes was better in 2019B season in Omoro, Nwoya and Amuru,
while season 2019A performance was better than 2019B season in Kitgum District for all the tested
genotypes (Figure 1).

3.3 Relationship between Disease (LLS and GRD) Severity and Yield

The result of correlation analysis is presented in Table 4. Late leaf spot discase AUDPC and GRD
AUDPC showed highly significant (P < 0.01) positive correlation with LLS severity at 12 weeks and
GRD severity at harvest, respectively. Dry pod yield (kg/acre) showed highly significant (P < 0.001)
negative correlation with GRD severity at harvest (r = -0.437) and GRD AUDPC (r =-0.562).

Table 4. Correlation of disease severity, AUDPC and dry pod yield

Traits DT50%F LLS At12w LLS AUDPC GRD AUDPC GRD severity Dry pod yield kg/acre
DT50%F -

LLS atl2weeks 0.147* -

LLS AUDPC 0.109* 0.810%* -

GRD AUDPC -0.144**  -0.005 0.001 -

GRD severity -0.131* -0.064 -0.064 0.585%* -

Dry pod yield kg/acre  -0.170**  -0.083 -0.008 -0.562%%* -0.437%* -

Note. * = significant; ** = highly significant.
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Figure 1. Comparing 2019A and 2019B season yield of Serenut SR, Serenut 8R, Serenut 9T and Serenut 14R in
four districts in Acholi

4. Discussion

The purpose of this study was to establish the effect of groundnut genotypes with proven resistance against
rosette virus on yield under different disease pressure in Northern Uganda. All four tested genotypes showed
high levels of partial resistance as demonstrated by low AUDPC values during GRD epidemics. Late leaf spot
and GRD severity within the districts were not significant for the genotypes indicating limited genetic
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variability in the genotypes for LLS and GRD severity. Late leaf spot severity score ranged between 4
and 5, GRD severity ranged from 1.5 to 3.5, indicating that these genotypes were moderately resistant
under local conditions in Northern Uganda.

Significant difference of genotype-by-location interactions for LLS AUDPC, GRD AUDPC and yield was
observed. This difference could be due variation in disease pressure, resulting in exposure of the genotypes
to different levels of inoculum. The reduced yields of some genotypes in GRD high pressure district of
Amuru and Kitgum districts could be attributed to yield penalty associated with resistance to GRD due to
the plants spending energy to express the genes of resistance, therefore, making the plant to direct most of
its nutrient resources for resistance expression instead of yield. According to Nigam et al., (1991),
groundnut varieties with resistance to GRD spend energy to express genes of resistance resulting in yield
potential reduction. The very low yields of the local checks however, were due to severe infection of GRD
and LLS. Nutter and Littrell (1996) had earlier reported that severe infection of LLS and GRD significantly
reduced dry pod yield. Similarly, Wilson (2014) reported reduction in yield of GRD infected groundnut
plants.

The correlation of AUDPC for LLS and GRD with LLS and GRD severity was significantly positive as
expected since LLS and GRD are epidemic diseases (Amoah et al., 2016). Orondo et al. (2007) reported
similar observations for AUDPC of groundnut groups Virginia, Valencia and Spanish for rosette and leaf spot
resistance in Kenya. Association between yield traits and diseases were negatively correlated indicating that
LLS and GRD highly contributed to the yield reduction since the plant leaf arca was negatively affected as
the diseases developed. The loss of leaf area at any stage of the crop growth resulted in the reduction of net
photosynthetic area in which the higher the degree of defoliation or stunting the more the loss in dry pod
yield. Reduction in pod dry weight by GRD infestation has been widely reported (Wilson, 2014). This meant
that as the severity of the disease increased, the yield decreased significantly through the significant negative
effects of GRD on both the morphological and reproductive growth of groundnut (Usman et al., 2015).
Groundnut rosette disease is an active viral disease which reduces vegetative growth of the plant, causing
decrease in yield potential.

The difference in performance of the tested genotypes in the two seasons was majorly influenced by rainfall.
Rainfall is known to have a negative influence on movement of aphids, which are the vectors of GRD. Persistent
rain dislodges aphids from plants onto the soil surface thereby exposing them to predation or they may be killed
directly by soil particles splashed onto their colonies (Mugisa et al., 2016; Wightman et al., 1990). According to
Hassan et al. (2009), even slight rainfall amounts quickly lowered aphid populations from fields at different
times of the day. East Acholi (Kitgum District) experiences shorter rains in second season (August to December),
while for West Acholi (Amuru, Omoro, Nwoya) shorter rains is the characteristic of the first season (March to
June) The implication of this finding is that more stringent GRD management should be applied in seasons that
are characterized by shorter rains. On the other hand, the generally high groundnut yields in Omoro could be
attributed to less GRD field incidence and severity resulting from low disease pressure in the area, in addition to
having favorable soils for groundnut production. Omoro has soils of the sandy clay-loam textural class to which
groundnut is best adapted being well-drained, loose, friable and medium textured soils.

5. Conclusion

This study has shown that improved groundnuts with resistance to GRD can increase groundnut yield levels
under different GRD pressure. Yield levels among the 4 groundnut genotypes varied across locations.
Comparatively, lower yields were obtained in seasons characterized by shorter or lower rains. A more stringent
GRD management is therefore, required in seasons and areas that are characterized by shorter and/or less rains.
Overall, the 4 genotypes demonstrated host resistance under varied disease pressure, thus they could be used by
farmers in the region to manage GRD in integration with other practices including early planting, correct plant
spacing and control of aphid vectors.
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