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Abstract

Late blight disease of potato caused by Phytophthora infestans poses a signif-
icant threat to potato production in Ethiopia. The development of new
high yielding genotypes with adequate late blight disease resistance will
provide a strong component of an integrated management strategy for
farmers. The objective of this study was to determine late blight resistance
and yield of potato clones under field condition in north-western Ethiopia.
Twenty-four clones (17 from the International Potato Centre B3C2 popula-
tion and seven widely grown cultivars) were evaluated at three locations.
The experiment was laid in a randomized complete block design with two
replications. Late blight resistance and yield-related traits were determined.
Results showed that clones differ significantly for all traits across locations.
The following five clones combine high to moderate resistance to late blight
with high yields: 396029.250, 395017.229, 396004.263, 396034.103 and
395077.12. These clones are useful genetic resources for resistance breed-
ing against late blight disease and for enhanced yields.

Introduction

Ethiopia is among the ten leading sub-Saharan Africa
countries in terms of area of potato production (FAO-
STAT 2015). Potatoes are a source of both food and
cash income in the densely populated highlands of
the country, where 90% of the population resides
(Gildemacher et al. 2009; Chindi et al. 2013). This
makes potato a high-potential contributor to national
food security (FAO 2009; Gildemacher et al. 2009).
However, the national average yield of the crop is
<11 t/ha, which is far below the attainable yield of
45 t/ha (Berihun and Woldegiorgis 2013; Chindi
et al. 2013). Of the disease constraints that widen the
gap between actual and attainable yield, late blight is
the most serious (Fuglie 2007; Gildemacher et al.
2009; Forbes 2012; Sparks et al. 2014).

Potato late blight disease, caused by the heterothal-
lic oomycete pathogen Phytophthora infestans (Mont.)
de Bary, is a major threat that can cause complete
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crop failure (Trognitz et al. 2001; Fry 2008). Yield
losses of 30 to 100% have been reported in Ethiopia
(Kassa and Beyene 2001; Berihun and Woldegiorgis
2013). The disease damages leaves, stems and tubers
and is found throughout the major potato producing
areas of the country (CIP 2004; Villamon et al. 2005;
Forbes 2012; Woldegiorgis 2013). The population of
P. infestans in Ethiopia has the Al clonal lineage mat-
ing type, which reproduces asexually with host speci-
ficity (Schiessendoppler and Molnar 2002).

Effective control of late blight disease requires inte-
grated disease management (Mundt et al. 2002). The
disease can be controlled by the application of fungi-
cides, cultural practices such as early planting, elimi-
nating the source of inoculum and/or using resistant
cultivars (Garrett et al. 2001). However, deployment
of these methods individually does not provide suffi-
cient control of the disease. Fungicides can provide
good control, but they are often unaffordable for
small-scale farmers, who account for over 90% of
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potato crop production in Ethiopia (Mizubuti and For-
bes 2002; Schulte-Geldermann 2013). Also, fungi-
cides can be harmful to human health and the
environment. In some parts of Ethiopia, farmers plant
potatoes early in the dry season to escape heavy late
blight pressure, although yield levels are compro-
mised due to insufficient soil moisture (Forbes et al.
2003). Additional factors that contribute to high levels
of late blight infection are lack of certified clean seed,
monocropping practiced by most farmers and the fact
that tubers are left in the soil for an extended period
(Chindi et al. 2013). Optimal management of potato
late blight can best be achieved by incorporating dur-
able resistance genes against virulent races of the fun-
gus (Colon et al. 1995; Trognitz et al. 2001; Forbes
2012; Woldegiorgis 2013). This approach can be suit-
ably integrated with other measures that fail to pro-
vide full control in isolation.

Durability of host resistance is the main concern in
late blight resistance breeding (Umaerus and Umaerus
1994). Late blight resistance can be conditioned by
race-specific and race non-specific or field resistance
genes. It is well known that race-specific or vertical
resistance is controlled by major genes. Several major
genes have been identified in differential potato culti-
vars (Sleper and Poehlman 2006). However, the
emergence of virulent pathotypes of the pathogen can
rapidly overcome the resistance conferred by one or a
few major genes. Consequently, the use of major
genes in breeding for resistance to late blight is not
recommended (Haynes et al. 2008; Forbes et al.
2014). Conversely, race non-specific or field resis-
tance is conditioned by minor genes (Trognitz et al.
2001; Andrivon et al. 2006). Race non-specific resis-
tance might not confer absolute protection, but is con-
sidered to be more durable than race-specific
resistance, and is attributed to polygenically con-
trolled quantitative resistance. Hence, this form of
resistance is effective against a broad range of patho-
types of P. infestans (Bradshaw and Bonierbale 2010).

In Ethiopia, several new potato cultivars with resis-
tance to late blight have been released to potato grow-
ers. However, a number of these cultivars have lost
their resistance over time as virulent pathotypes
emerged (Schulte-Geldermann 2013). Advanced
resistant breeding populations and candidate clones
have been developed by the International Potato Cen-
tre (CIP) for a variety of agro-ecological zones includ-
ing tropical highlands (CIP 2012). This germplasm can
serve as a valuable source of genetic variation in
breeding programmes. Among these clones, ‘popula-
tion B recombination cycle 3 (Pop B3)’, which lacks
any known major or R genes (Rl to R11) against
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P. infestans, is the latest advanced source released by
the CIP for durable late blight resistance (Landeo et al.
2001; Yao et al. 2011). Some of the clones derived
from this population have shown promising perfor-
mance in Ethiopia and of these CIP-393371.58 was
released under the name ‘Belete’ in 2009 (CIP 2012).

Potato breeding in Ethiopia has generally focused
on evaluating advanced clones developed by CIP for
productivity and late blight resistance. However, little
work has been done to identify locally adapted late
blight resistant clones that could be used as parents by
Ethiopian breeders (CIP 2012; Woldegiorgis 2013).
Therefore, the objectives of this study were to (i)
determine late blight resistance and (ii) yield of potato
clones under field conditions in north-western Ethio-
pia, to identify those most suitable as parents for local
breeding.

Material and Methods

Plant materials

The study used 24 potato genotypes. Seventeen clones
were obtained from CIP, and seven were cultivars
widely adapted to the mid- and high-altitude environ-
ments (>1500 metre above sea level) of Ethiopia
(Table 1). The clones sourced from CIP are from pop-
ulation B group three, cycle two (B3C2) and have
quantitative resistance to late blight. ‘Guassa’, a
widely grown, high yielding (Woldegiorgis 2013; Shi-
babaw et al. 2014) but moderately susceptible culti-
var, was used as a comparative control.

Study sites

The study was carried out at three selected locations
in north-western Ethiopia: Injibara, Adet and Debark
during the main cropping season (June to October
2014). These sites represent the main potato produc-
tion areas in north-western Ethiopia. All three sites
experience high late blight pressure during the rainy
season. Injibara (10°57'N, 36°56’E) is located at an
altitude of 2568 m above sea level (masl). The mean
annual temperature and rainfall are 15°C and
1700 mm, respectively. The soils at this site are pre-
dominantly Nitosol (Shibabaw et al. 2014). Adet
(11°17'N, 37°47'E) is situated at an altitude of 2240
masl and receives a mean total annual rainfall of
1238 mm with mean annual temperature of 17°C,
with mainly red brown Nitosol soils (Zegeye et al.
2010). Debark (13°14'N, 37°89'E) is situated at an alti-
tude of 2836 masl and receives a mean total annual
rainfall of 974 mm with a mean annual temperature
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Table 1 List of potato genotypes

used in the study No?® Genotype Pedigree Reported late blight reaction® Population

1 392633.64 387132.2 x 387334.5 Resistant B3C2
2 393220.54 381400.22 x 387170.9 Resistant B3C2
3 395011.2 393085.5 x 392639.8 Resistant B3C2
4 395015.6 393083.2 x 391679.12 Moderately resistant B3C2
5 395017.14 393085.13 x 392639.8 Moderately resistant B3C2
6 395017.229 393085.13 x 392639.8 Resistant B3C2
7 395077.12 391586.109 x 393053.6 Resistant B3C2
8 395096.2 393085.5 x 393053.6 Moderately resistant B3C2
9 395109.34 391589.26 x 393079.4 Resistant B3C2
10 395112.32 391686.15 x 393079.4 Moderately resistant B3C2
" 396004.26 391002.6 x 393382.64 Moderately resistant B3C2
12 396029.250 392633.54 x 393382.64 Resistant B3C2
13 396031.108 392633.64 x 393382.64 Resistant B3C2
14 396034.103 393042.5 x 393280.64 Resistant B3C2
15 396038.101 393077.54 x 393280.64 Moderately resistant B3C2
16 396038.105 393077.54 x 393280.64 Moderately resistant B3C2
17 396038.107 393077.54 x 393280.64 Moderately resistant B3C2
18 Belete 387170.16 x 389746.2 Resistant B3C2
19 Gorebella 380088.4 x MEX BULK - Pop A®
20 Guassa 380479.15 x 3 BULK Moderately susceptible Pop A
21 Jalene 380479.15 x 3 BULK - Pop A
22 Shenkola 382132.14 x XY.13 Moderately susceptible Pop A
23 Gudene - Moderately resistant Pop A
24 Aba Adamu Farmer’s cultivar - -

“Genotypes 1 to 17 were acquired from the International Potato Centre, while 18 to 23 are Ethiopian culti-
vars selected from CIP germplasm, and 24 is an Ethiopian cultivar of unknown origin.

bThe information for B3C2 clones was obtained from the CIP’s website (http:/www.cipotato.org).
“Population A contains major (R) gene for late blight resistance.

of 12.4°C. Tt has predominantly Luvic Andosols soils
(Assen and Tegene 2008). All three locations have a
monomodal rainy season that occurs between May
and October, except for Injibara with rainy months
extending from March to the end of November (Shi-
babaw et al. 2014).

Seed potato preparation and experimental set up

Disease-tested plantlets of 17 clones from a B3C2 pop-
ulation developed by CIP for non-specific resistance to
late blight (Landeo et al. 1995) along with one local
cultivar of unknown origin (Aba Adamu) and six
Ethiopian cultivars (that had been developed jointly
with CIP) were acquired from CIP and the tissue cul-
ture laboratory of the Amhara Regional Agricultural
Research Institute (ARARI-TCL). Initial multiplication
of plantlets was conducted by ARARI-TCL. Plantlets
were then transplanted to a screen house and har-
vested in June 2013. Harvested tubers were kept in
diffused light storage (DLS) system for 4 months to
break dormancy. Tubers were planted for further
multiplication in a field (at Injibara) in November
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2013 under virus-free conditions (cold highland and
using insecticides to control virus vectors). Tubers
were then harvested and kept for 4 months prior to
planting for the field tests.

A total of 24 entries were planted in the field during
the rainy season. Two spray regimes (sprayed and
unsprayed) were used at Injibara and Adet for com-
parative study. The two treatments were arranged in
separate experiments. The distance between the
experiments was 3 m. The trials were established
using a randomized complete block design with two
replications per each spray regime and in each loca-
tion in June, 2014. In the unsprayed treatment, geno-
types were exposed to mnatural infection using
spreader rows of a susceptible local cultivar ‘Enatbe-
guaro’ to keep continuous infection pressure during
the period of disease assessment. No pesticides or
fungicides were applied in the unsprayed regime
except in Adet where late blight occurred early
(2 weeks after planting). In Adet, a contact fungicide
(Mancozeb) was applied once in the second week
after planting to maintain the genotypes. In the con-
trol or sprayed treatment, Ridomil MZ 72 (8% a.i.
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metalaxyl + 64% a.i. mancozeb), Bravo (82.5% WP
Chlorothalonil), Tanos (250 g/kg cymoxanil, 250 g/
kg famoxadone) and Mancozeb (80% WP) were
sprayed alternatively at weekly intervals per the rec-
ommendation of the manufacturer. Spraying started
2 weeks after planting and continued until the end of
the season. At Debark, however, genotypes were eval-
uated only under unsprayed condition because there
was not enough seed to plant control plots.

Each genotype was represented by an experimental
unit consisting of 40 plants established in a plot of
9 m? (each plot had four rows, each row was 3 m
long, with 0.75 m inter- and 0.3 m intrarow spacing).
All necessary agronomic practices such as weeding
and ridging were carried out by using hoe and hand
cultivation. Phosphorus fertilizer in the form of
diammonium phosphate was applied at the rate of
69 kg/ha and nitrogen at 81 kg/ha in the form of
urea. The entire dose of phosphorus and half the dose
of nitrogen were applied at planting; the other half of
nitrogen was added 45 days after planting.

Data collection

Data collected included percentage of leaf area
affected by late blight, from which area under disease
progress curve (AUDPC) and days to 5% disease
severity threshold determined, relative yield loss (RYL
%) percentage, total tuber weight, marketable tuber
weight, total tuber number per plant and marketable
tuber number per plant.

Area under disease progress curve

Late blight disease severity was recorded visually as
percentage of foliage affected at weekly intervals start-
ing with the first appearance of the symptoms until the
susceptible control had reached 100% infection. The
percentage of late blight affected leaf area per plot was
estimated using a scale comprising nine classes, corre-
sponding to 0.01, 0.1, 1, 5, 25, 50, 75, 95 and 100% of
diseased leaf tissue (Fry 1978; Niks et al. 2011). For all
plots and assessment dates, the area under the disease
progress curve AUDPC (Campell and Madden 1990)
was calculated using the following formula:

n—1

AUDPC =Y [(ti1 = li)éyiﬂ + 1))
i=1

where ‘t’ is the time of each reading, ‘y’ is the percent-
age of affected foliage at each reading, and # is the
number of readings.
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Area under disease progress curves were standard-
ized to give relative area under the disease progress
curve (rAUDPC) by dividing the AUDPC by the maxi-
mum potential AUDPC (Fry 1978) to allow for com-
parison between different locations. The maximum
potential AUDPC is calculated by multiplying the total
number of days between the first and last readings by
100 as shown in the formula below.

AUDPC

(Last reading day — First reading day)
x 100

rAUDPC =

An interval susceptibility scale (0-9) was calculated
as described by Yuen and Forbes (2009) using the
rAUDPC value resulting in low values for resistance
and high values for susceptible ones. In order to use
this scale, the cultivar Guassa was assigned a suscepti-
bility value of 6 based on its moderate susceptibility.

Days to 5% disease severity threshold (DTs)

The number of days after planting for the plants to
reach the 5% disease level for each plot was also esti-
mated and assigned as days to 5% disease severity
threshold (DTs) as proposed by Dorrance et al.
(2001). The measurement of DTs could include the
major components of partial resistance such as infec-
tion efficiency, latent period and lesion growth rate
(Dorrance et al. 2001; Pariaud et al. 2009). This
makes DTs an important parameter especially under
natural epidemics under field condition, where it is a
difficult task to quantify inoculum dosage or control
timing of inoculation (Dorrance et al. 2001).

Yield and yield-related traits

At harvest, yield was measured for each plot. Total tuber
yield was calculated by converting the total weight of all
the tubers harvested in a plot in t/ha. Total tuber yield
from sprayed plots was compared with those from the
unsprayed plots to obtain relative yield loss. Percentage
relative yield loss (RYL%) was calculated as the ratio of
the difference between the yield obtained from sprayed
control and the unsprayed plots to the yield of the
sprayed control as shown in the formula below:

RYL%
(Tuber yield of the sprayed plot — Yield of unsprayed plot)
- Yield of sprayed plot
x 100
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Tubers of each plot were graded into three categories:
>30 mm (marketable), <30 mm (unmarketable), and
rotten and diseased (discarded) and were counted and
weighted in kg. From the above grading, marketable
tuber yield was expressed in t/ha, and the number of
total tubers per plant and number of marketable tubers
per plant were calculated. The relative reduction of mar-
ketable tuber yield, total tuber number and marketable
tuber numbers was also calculated as RR = (sprayed —
unsprayed)/sprayed and expressed as a percentage.

Data analysis

Data were subjected to analysis of variance (anova) using
GenStat for Windows 17th edition (Payne et al. 2014).
Mean separation was performed using the least signifi-
cant difference (LSD) procedure at a 5% probability
level. Spearman correlation coefficient values were cal-
culated to determine trait associations. Separate ANOVA
was initially conducted per location with genotypes as
the main effect. Homogeneity of variance was tested
using Bartlett’s test (Snedecor and Cochran 1989). Later
combined aNova was calculated across locations.

Results

Weather conditions

Mean monthly temperatures and rainfall were recorded
at each site (Table 2). Adet experienced lower rainfall
and higher temperatures than the other two locations.
Highest rainfall was encountered at Injibara, whereas
the lowest temperature was recorded at Debark. This
indicates that the fungal pathogen was exposed to a wide
range of environments during the cropping season.

Analyses of variance

Analyses of variance for the traits measured are pre-
sented in Table 3. Highly significant (P < 0.001) differ-
ences were detected among genotypes for all the traits
examined in each location. The sites also exhibited
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significant differences. Heterogeneity of error vari-
ances was observed from Bartlett’s test for all the traits
except for days to 5% disease severity threshold (DTs).
However, Dagnelie (as cited in Annicchiarico 2002)
explained that when the regression slope (b) of experi-
mental error mean square on environmental mean of
a trait approaches zero, transformation of data is not
required. Hence, combined analysis was performed
with no transformation, since b = 0 for all traits that
exhibited heterogeneous error variances.

The combined analysis of variance showed highly
significant (P < 0.001) interactions of genotype X en-
vironment, genotype x treatment, treatment x envi-
ronment and genotype X treatment x environment
for all the parameters measured except for the treat-
ment x environment interaction for total and mar-
ketable tuber numbers per plant.

Late blight disease severity

Late blight developed in the unsprayed plots across all
three test environments. Late blight developed uni-
formly on the susceptible spreader row until the vines
were 100% blighted. No disease was detected in the
fungicide-treated plots both at Adet and Injibara. In
general, Adet had lower rAUDPC (0.18) followed by
Debark (0.24), while Injibara had the highest rAUDPC
(0.31) (Table 4). The lower rAUDPC value at Adet
could be associated with the relatively dry weather
experienced during the study period (Table 2). The
rAUDPC values for individual genotypes at the three
environments varied from 0.01 (most resistant) to
0.63 (most susceptible). A comparison of rAUDPC val-
ues within locations and averaged across locations
had the following ranges for the genotypes with the
lowest scores: 396004.263 (0.04-0.13), 396038.105
(0.01-0.20), 396029.250 (0.02-0.17), 393220.54
(0.04-0.25) and 395011.2 (0.05-0.24). In contrast,
rAUDPC was greatest on local and newly released cul-
tivars, including Shenkola (0.31-0.53), Jalene (0.30—
0.48), Guassa (0.25-0.45), Aba Adamu (0.27-0.52) as
well as B3C2 clones such as 395015.6 (0.26-0.54) and

Table 2 Total monthly rainfall and temperatures of the sites during the study (Ethiopian Meteorology Agency)

Total monthly rainfall (mm)

Mean monthly air temperature (C)

Sites June July August September October Total June July August September October Mean
Injibara 265.8 427.5 405.9 399.3 114.6 1613.1 17.5° 16.8 16.2 15.9 17.2 16.5
Adet 130.6 204.9 194.1 151.8 108.5 789.9 19.6 18.7 17.6 17.8 18.3 18.4
Debark 108.5 2315 290.5 201.0 441 875.6 15.0 14.2 13.6 13.8 13.8 141

“Temperature data at Injibara obtained from personal data logger (Watchdog Data Logger, Spectrum Technologies, Plainfield, IL, USA).
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Table 3 Analysis of variance involving 24 clones at three locations during 2014 growing season
Traits and mean squares
Location
Source of variation Df rAUDPC DTs TTW MTW TTN MTN RYL%
Injibara
Rep 1 0.036 252 2.55 2.26 0.215 0.239 371.7
Gen 23 0.032*** 132%** 11.70%** 11.70%** 3.387%** 2.596%** 568.3%**
Residual 23 0.003 25 1.15 1.14 0.399 0.513 128.6
CV (%) 16.4 8.0 16.4 18.3 13.1 21.8 20
Adet
Rep 1 0.0001 3 48.23 57.65 0.267 0.519 0.73
Gen 23 0.0206*** i 56.69*** 51.471%x* 18.58*** 11.0471%** 406.3%**
Residual 23 0.0014 19.4 12.62 10.1 3.16 1.299 37.88
CV (%) 20.4 6.0 9.2 8.9 16.5 13.2 26.0
Debark
Rep 1 0.0004 6.75 57.72 51.007 0.012 6.822
Gen 23 0.0661*** 154** 70.236*** 63.495*** 14.35%** 8.865%**
Residual 23 0.0044 42.6 4.461 4.414 2.932 1.344
CV (%) 27.7 9.4 8.8 9.6 15.3 13.2
Combined analysis of genotype and environment in experiments under late blight pressure
Rep (Env) 1 0.0086 751 0.294 1.274 0.252 0.656
Gen 23 0.0742%** 266*** 51.771%** 53.716*** 16.24%** 9.916%**
Env 2 0.2076*** 1356*** 12477%** 10829*** 611.7%** 470.06%**
Gen.Env 46 0.0222*** 59** 43.425%** 36.445%** 10.04*** 6.293***
Residual 71 0.0031 30.9 7.428 6.616 2.106 1.12
CV (%) 22.8 11.8 12.1 16.2 15.3 22.8
Combined analysis of genotype, treatment and environment (Adet and Injibara)
Rep (Env) 1 108232 131055 2.498 0.013
Gen 23 99739*** 99260*** 35.17%** 20.984***
Env 1 29831368*** 25885381*** 1816.24*** 1392.052%**
Trt 1 3707693*** 3458444*** 336.28*** 278.348***
Gen.Env 23 96228*** 95304%*** 22.75%** 16.616***
Gen.Trt 23 50764*** 45331 *** 6.68*** 5.247***
Env.Trt 1 193855*** 167242%** 1.641 ns 0.181 ns
Gen.Trt.Env 23 42785%** 40923%** 8.19%** 5.152%**
Residual 95 3908 4115 1.73 0.879
CV (%) 9.6 10.6 14.4 13.1

ns, non-significant; Df, degrees of freedom; AUDPC, area under the disease progress curve; rAUDPC, relative area under disease progress curve; DTs,
days to 5% disease severity threshold; TTY, total tubers yield; MTY, marketable tubers yield; TTN, total tuber numbers; MTN, marketable tuber num-

bers; RYL%, relative yield loss percentage; Rep, replication; Gen, genotype; Env, environment; Trt, treatment.

Significance levels: **Significant at P < 0.01; ***Significant at P < 0.001.

395112.32 (0.25-0.63). All of the local and newly
released cultivars were in the higher half of the interval
susceptibility scale among the 24 clones tested, except
Gudene. Some clones were highly variable in their
rAUDPC values across the three locations. For example,
Belete had higher rAUDPC value of 0.42 at Adet than
at Injibara (0.21) and Debark (0.07), with susceptibility
scale scores ranging from 1 (Debark) to 9 (Adet).

Days to 5% disease severity threshold (DTs)

Days to 5% disease severity threshold (DTs) was
shorter at Injibara (62.5) due to the early onset of late
blight followed by Debark (69.4) and Adet (73.0)

(Table 5). The first late blight lesions at Injibara were
observed approximately 6 week after planting. In con-
trast, at Adet the first lesions were not observed until
many of the genotypes had begun to flower. Most geno-
types with low rAUDPC such as clones 396004.263,
396029.250, 396038.105, 395017.229 and 395011.2,
reached their 5% disease severity late, whereas Guassa,
Jalene, Gorebella, Shenkola, 396038.107, 395015.6,
and 395112.32 developed late blight lesions early.

Yield loss

A reduction in tuber yield was observed for all geno-
types in diseased plots compared to sprayed plots
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Table 4 Relative area under the dis-

ease progress curve (rAUDPC) and Injibara Adet Debark Mean
susceptibility scale of 24 potato geno- Genotype rAUDPC?  Scale®  rAUDPC Scale  rAUDPC Scale  rAUDPC  Scale
types evaluated at three environ-
ments under late blight disease 4 356004263 013k 2 0.04jk 1 005gh 1 0.07 1
pressure 2 396029250  0.17k 2 0.04 k 1 0.02i 0 0.08 1
3 396038.105 0.20 i—k 3 0.011 0 0.04 h,i 1 0.08 1
4 393220.54 0.25d-h 3 0.14 g 3 0.04h,i 1 0.14 2
5 395011.2 0.24 1+ 3 0.17 c-h 4 0.05 g,h 1 0.15 2
6  Gudene 0.13 k 2 0.17 cf 4 0.18 e, f 3 0.16 3
7 395096.2 0.30 c—g 4 0.14 - 3 0.05h 1 0.16 3
8 395109.34 0.19,k 3 0.08 g-j 2 0.20d,e 3 0.16 3
9  395017.229 0.34 a-e 5 0.10 c-g 4 0.06 e-g 1 0.19 3
10 396034.103 0.22 e-i 3 0.21 cf 5 0.15e-g 2 0.19 3
11 396031.108 0.22 g+ 3 0.15 - 4 024b-e 4 0.21 3
12 395077.12 0.31c-¢g 4 0.10 g 2 0.22 c-e 3 0.21 3
13 Gorebella 036ae 5 0.08 j,k 2 024ce 3 0.23 4
14 Belete 0.21 h-—k 3 0.42a 9 0.07 f-h 1 0.23 4
15 395017.14 0.53a,b 7 0.14 f—i 3 0.20 e,f 3 0.29 5
16  396038.101 0.32 b-f 4 0.16 c—i 4 0.41 a— 6 0.29 5
17 392633.64 0.32 a—f 4 0.22 cf 5 0.48 a— 7 0.34 6
18  395015.6 0.54a 7 0.26 c—f 6 0.28a-¢ 4 0.36 6
19 Guassa 045a-d 6 025b-e 6 040a—c 6 0.37 6
20  Aba Adamu 027d-h 4 0.324a,b 8 0.523a,b 8 0.37 6
21 396038.107 0.43 a-d 6 0.20 cf 5 0.52a,b 8 0.38 6
22 Jalene 048a—c 6 030a—c 7 037a-d 6 0.39 6
23 Shenkola 0.53a 7 0.34a,b 8 0.31 a-d 5 0.39 6
24 395112.32 0.41 a—e 5 0.25 a—d 6 0.63a 9 0.43 7
Mean 0.31 0.18 0.24 0.24
CV (%) 16.4 20.4 27.7

rAUDPC, relative area under disease progress curve.
“means in a column followed by the same letter(s) are not significantly different at P < 0.05.
bSusceptibility scale, values were rounded to the nearest whole number.

(Table 5). However, there was wide variation in the
RYL among environments and genotypes. Yield
loss ranged from 16 to 88% at Injibara and from
6 to 46% at Adet. At Injibara, the lowest yield
reduction occurred  with Gudene (16%),
396029.250 (22%) and 395109.34 (43%), while
the highest loss was recorded with 395017.14
(88%), 395015.6 (82%) and Jalene (77%). At
Adet, the clones with low vyield loss were
395011.2 (6%), Shenkola (7%) and 396004.263
(8%). The genotypes Guassa, Jalene and Gorebella
had the highest yield losses recorded at 46, 45 and
40%, respectively. Average relative yield loss percent-
age for two locations revealed that clones 396029.250,
Gudene, 392633.64, 395011.2, 396004.263 and
396034.103 were among the most tolerant/resistant
genotypes with the lowest yield loss when compared
to the rest of the clones. The cultivars Guassa and
Jalene were heavily infected, with yield losses esti-
mated at 61%. Most of the genotypes that had lower
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rAUDPC and DTs showed lower yield reduction. How-
ever, there are some genotypes that had lower yield
levels than expected. For example, clone 396038.105
exhibited a low rAUDPC value. However, it showed
yield loss of >40% indicating the high sensitivity of the
genotype to late blight disease. Conversely, genotypes
392633.64, Aba Adamu, Shenkola and 395112.32 had
high rAUDPC values, were >5 on the susceptibility
scale and exhibited short DTs, yet yield loss (<40%)
was not as severe. This could be attributed to their tol-
erance to late blight infection.

Total tuber yield

There was significant variation in total tuber yield
among the tested clones under late blight infection
across the three locations (Table 6). Overall, the high-
est yield was recorded at Adet (38.8 t/ha) followed by
Debark (23.9 t/ha) and Injibara (6.54 t/ha). At Inji-
bara, the clones 396034.103, Belete and 396029.250
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Days to 5% disease severity (DTs)

Table 5 Days to 5% disease severity

Relative yield loss% threshold and relative yield loss of 24

potato clones when evaluated across

Genotype Injibara Adet® Debark Mean Injibara Adet Mean

three environments
396029.250 72.0a,b 83.0a,b 90.5a 81.8 22 g,h 34 a-d 28
396004.263 75.0a 83.0a,b 79.0a 79.0 58 a—f 8i 33
395011.2 67.5a-C 78.0 a—c 825a 76.0 53 c-f 6i 30
396038.105 67.0 a—C 88.0a 71.0a,b 753 47 d-g 39a,b 43
395017.229 68.5a,b 78.0a-c 79.0a 75.2 62 a-f 12 h,i 37
393220.54 67.0 a—C 78.0 a—C 79.0a 74.7 50 c—f 23 c-h 37
Belete 72.0a,b 66.0d,e 85.0a 74.3 53 c—f 33 a-d 43
395096.2 67.5a-C 78.0 a—c 71.0a,b 72.2 53 c-f 21 d-i 37
395077.12 65.0 a—d 83.0a,b 67.5 a— 71.8 62 a—f 27 b-g 45
Gudene 65.0 a-d 78.0 a— 67.5 a— 70.2 16 h 15 g—i 15
396034.103 60.5 b—f 73.5 b-d 71.0a,b 68.3 54 b—f 13 i 33
396031.108 67.0 a—C 69.0 c-e 67.5 a—C 67.8 51 c—f 30 b-f 40
395109.34 67.5a-C 69.0 c—e 64.0 a—d 66.8 43 e-g 33a-d 38
Aba Adamu 69.5a,b 67.5 c-¢e 60.0d,e 65.7 53 c-f 16 e—i 34
392633.64 62.5 b—e 72.0cd 60.0 b-e 64.8 51 cf 8i 30
395017.14 56.0 c—g 73.5 b-d 64.0 a—d 64.5 88a 28 b—e 58
396038.101 62.5 b-e 67.5 c—e 62.0 b-e 64.0 43f,¢g 37 a—C 40
395112.32 65.0 a-d 67.5 c-e 58.0e 63.5 62 a—f 16 e-i 39
Shenkola 53.5d-g 66.0d,e 67.5a,b 62.3 71 a—e 7i 39
395015.6 51.0e-g 66.0d,e 67.5 a-C 615 81a,b 13 i 47
Gorebella 49.0f,g 69.0 c-e 64.0 a—d 60.7 62 cf 40 a,b 51
Jalene 485 ¢g 67.5 c-e 65.5 a—C 60.5 77 a—c 45a 61
Guassa 475 ¢ 69.0 c-e 62.0 b—e 59.5 76 a—C 46 a 61
396038.107 53.5d-g 61.0e 60.0 c—e 58.2 75 a—d 23 c-h 49
Mean 62.5 73 69.4 68.3 57 24 40.4
CV (%) 8 6 9.4 20 26

“Means in a column followed by the same letter(s) are not significantly different at P = 0.05.

with mean yields of 12.3, 10.4 and 10.0 t/ha, respec-
tively, were the best yielding and these clones are not
significantly different in terms of total yield. At Adet,
the highest yielding clones under late blight epidemics
were 396038.107 (48.8 t/ha), 396038.105 (47.0 t/ha)
and 395017.229 (46.6 t/ha). At Debark, the clones
396038.105 (38.2 t/ha), Belete (32.4 t/ha) and
Guassa (31.5 t/ha) had the highest yields. The best
yielding cultivars in each location were resistant
genotypes that showed scores of 4 or less on the inter-
val susceptibility scale except for 396038.107 (Adet)
and Guassa (Injibara). This suggests high yield poten-
tial for these two clones, although both had high
(>50%) average yield loss.

Marketable tuber yield

Locations ranked the same for marketable tuber yield
(MTY) and total tuber yield. The highest MTY was
recorded at Adet (35.9 t/ha) followed by Debark
(21.9 t/ha) and Injibara (5.8 t/ha). The loss in mar-
ketable yield, however, was relatively higher than the
total tuber yield. At Injibara, marketable yield was

reduced by 62% due to late blight. At Adet, the yield
loss was 27% (Table 7).

Total tuber numbers

Under late blight infection, the highest total tuber
numbers per plant was recorded at Debark (11.2) fol-
lowed by Adet (10.8) and Injibara (4.8) (Data not
shown). At Injibara, the genotypes 396034.103 (with 8.2
tubers per plant), 395077.12 (7.2) and Gudene (7.0) had
the highest number of tubers per plant. At Injibara, the
total tuber number showed 33% average reduction in
unsprayed plots. At Adet, the clones with highest tuber
number under late blight endemics were 395077.12
(16.8), Jalene (16.3) and Guassa (15.4). Tuber number
had 19% average reduction due to late blight. At Debark,
clones with the highest total number were Belete (17.5),
396031.108 (15.8) and Guassa (14.6).

Marketable tuber numbers

Marketable tuber numbers for each genotype in each
location under natural late blight infestation ranked
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Table 6 Total tuber yield of 24 potato genotypes under late blight pres-
sure when evaluated at three environments in north-western Ethiopia

Sites and total tuber yield (t/ha)

Genotypes Injibara® Adet Debark Mean
396038.105 8.3 b-d 47.0a,b 38.2a 31.2
395017.229 6.8 c—¢g 46.6 a,b 28.0 b—e 271
395077.12 75c-e 41.6 a—e 29.0 b-d 26.0
396034.103 123a 36.6 d-h 27.2c-e 253
Guassa 4.8 14 39.5b-¢g 31.5b,c 253
396029.250 10.0a,b 36.0 d-h 29.7 b—d 25.2
Belete 104 a,b 309h 324b 24.6
396004.263 5.0e 40.4 a—f 28.0 b-e 245
396038.101 7.0 cf 42.6 a—d 21.9 f-h 23.8
396038.107 4.5 gk 48.8a 17.7 hii 237
395112.32 5.9 dj 46.2 a— 18.8 g-i 23.6
393220.54 6.8 c-¢g 36.2 d-h 25.8 d-f 22.9
395109.34 9.0b,c 30.3h 29.2 b—d 22.8
392633.64 5.6 e 41.5a-e 20.0g,h 22.4
Gorebella 73 cf 35.7 d-h 23.6 e-g 22.2
395011.2 4.1 h—k 41.8 a—€ 199 ¢h 22.0
Shenkola 3.8k 37.7 c-h 23.5e-g 21.6
395017.14 2.2k 414 a—e 20.9 g,h 215
Jalene 4.1 h—k 40.9 a—e 18.7 g-i 21.2
395096.2 6.5d-h 37.2d-h 19.1 g 20.9
Gudene 8.3b-d 31.9f-h 20.9 g,h 20.4
396031.108 7.4 c—e 31.6gh 18.6 g-i 19.2
Aba Adamu 6.0 d—i 34.0 d-h 1431 18.1
395015.6 3.4k 33.7e-h 17.0h,i 18.0
Mean 6.5 38.8 23.9 23.1
CV (%) 16.4 9.2 8.8

“Means in a column followed by the same letter(s) are not significantly
different at P = 0.05.

similarly to total tuber numbers (Data not shown).
The highest number of marketable tubers was
recorded at Debark (8.8) followed by Adet (8.6) and
Injibara (3.3). At Injibara, the genotypes 396034.103
(6.3), Belete (5.2) and 395077.12 (5.1) had the high-
est number of marketable tubers. At Adet, the clones
with highest tuber numbers under late blight epi-
demics were 395077.12 (14.2), Jalene (12.9) and
395017.229 (11.7). At Debark, the genotypes Belete
(14.7), 395077.12 (12.2) and Guassa (11.8) had high-
est total tuber numbers.

Marketable tuber numbers were reduced by 41 and
20% at Injibara and Adet, respectively. In general, the
results revealed that late blight disease affected all the
measured yield parameters at both Injibara and
Adet although disease severity differed among geno-
types. The disease had a significant effect on mar-
ketable and total yield leading to average reductions
of 44 and 40%, respectively. Late blight had a signifi-
cant, but lesser effect on total and marketable tuber
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numbers, with average reductions of 26 and 31%, in
that order.

Relationships between yield and disease resistance
parameters

Spearman’s rank correlation coefficients were calcu-
lated among the AUDPC, DTs, RYL%, TTY, MTY, TTN
and MTN to determine associations between the
parameters assessed (Table 8). Due to the presence of
clone x location interactions, the correlation analysis
is presented for each location separately. Significant
negative correlations were detected between AUDPC
and DTs across the three environments (P < 0.001).
AUDPC had a negative correlation with TTY and MTY
at Injibara and Debark (P < 0.001), and with TTN and
MTN at Injibara (P < 0.01) and Debark (P < 0.05).
Conversely, non-significant correlation was observed
between AUDPC and yield and yield-related traits at
Adet. DTs had a significant and positive correlation
(P <0.01) with TTY and MTY at Debark and Injibara
and a significant correlation (P < 0.05) at Adet. Simi-
larly, DTs had significant (P < 0.05) and positive cor-
relation with MTN and TTN at Debark, highly
significant (P < 0.01) and significant (P < 0.05) corre-
lation with MTN at Injibara and Adet, respectively.
However, only a weak association was detected
between DTs and TTN at both Injibara and Adet. Total
tuber yield had highly significant (P < 0.01) and posi-
tive correlation with MTY, TIN and MTN in all the
environments. A positive correlation was found
between relative yield loss and AUDPC at both Inji-
bara (P < 0.001) and Adet (P < 0.01). At Injibara, rel-
ative yield loss had a highly significant (P < 0.01) and
negative correlation with DTs, TTY, MTY, TTN and
MTN. Significant and negative correlation was found
between relative yield loss and TTN (P < 0.01) and
MTN (P < 0.05) at Adet.

Discussion

The present study evaluated the disease and vyield
responses of 24 selected potato clones to late blight at
three major potato growing locations in the highlands
of north-western Ethiopia. The study included 17
clones from a B3C2 population developed by CIP for
non-specific resistance to late blight (Landeo et al.
1995), as well as one widely grown local cultivar and
six newly released cultivars. Disease development var-
ied across locations resulting in differential responses
of genotypes for late blight severity and yield reduc-
tion. AUDPC values were the highest, DTs was
shorter, relative yield loss was greater, and total and
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Table 7 Marketable tuber yield of 24

Unsprayed Sprayed potato genotypes when evaluated at
Genotypes Injibara® Adet Debark Mean Injibara Adet Mean three late blight affected environ-
ments with and without chemical
396038.105 77b-e  464a 359a 30.0 15.4 d-i 722a 438  control
395077.12 6.6 d-g 40.0 a—d 283b 25.0 19.0 b-d 56.2 b 37.6
396029.250 9.2a-<c 35.1 b-g 285b 24.3 12.5i-m 52.7 b-e 32.6
396034.103 11.2a 35.7 b-g 25.7 b—d 24.2 259a 41.7 gh 33.8
395017.229 5.6 e 41.7ab 234 c-e 23.6 17.1 c-¢g 51.8 b-f 344
Guassa 4.0 h-k 38.4b-e 28.4b 23.6 19.6b,c 729 a 46.2
Belete 9.9ab 28.9 g-i 30.3b 23.0 20.7b 42.7 f-h 31.7
396038.101 6.6 d-g 39.4 a-e 20.9 d-g 223 11.6 k-m 68.1a 39.9
396004.263 4.1 gk 37.1 b-f 235c-e 21.6 11.1 k-m 41.5¢gh 26.3
395011.2 3.7 i 40.5 a—c 19.0e-h 211 7.6n 43.1 e-h 25.4
392633.64 52ej 38.2 b—f 19.3e-h 20.9 10.9 I-n 44.1 d-h 27.5
395017.14 151 40.0 a-d 20.5e-g 20.7 17.9 b—f 54.4b,c 36.1
395096.2 6.0 e—i 36.7 b—f 18.1 f-h 20.3 13.1 h-l 45.6 c-h 29.4
393220.54 6.3d-h 31.8e-h 22.1 cf 20.1 13.2 h-l 43.4 e-h 28.3
Jalene 3.6 39.4a-e 17.4 i 20.1 17.0c-¢g 68.5a 42.8
395112.32 55ej 37.9 b-f 16.7 g-i 20.0 14.6 -k 50.7 b-g 327
395109.34 8.8 b-d 23.9i 26.8b,c 19.9 153 e 31.8i 23.6
396038.107 4.0 h-k 38.3 b-f 17.0 g-i 19.8 16.6 c-h 42.8 f-h 29.7
Gorebella 6.7 d—g 32.1e-h 19.0 e-h 19.3 18.4b—-e 53.3b-d 35.9
Gudene 7.2 cf 30.6 f—i 17.9 f-h 18.6 9.5m,n 359h,i 22.7
Aba Adamu 5.1 33.4c-h 12.8i 17.1 11.8jm 38.8h,i 253
396031.108 6.4 d-h 27.4N,i 16.7 g-i 16.9 14.2 g 44.8 c-h 29.5
395015.6 2.0kl 32.4d-h 14.7 hii 16.4 16.9 c—¢g 37.5h,i 27.2
Shenkola 3.2 34.9 b-h 23.1 c-e 20.4 12.9 i-m 39.1h,i 26.0
Mean 5.8 35.9 21.9 21.2 15.1 48.9 32
CV (%) 18.3 8.9 9.6 10 8.4

“Means in a column followed by the same letter(s) are not significantly different at P = 0.05.

marketable yields were the lowest at Injibara followed
by Debark and Adet. The severity of late blight and
associated yield reduction seems to be correlated with
the amount of precipitation received during the grow-
ing season (Table 2). Umaerus and Umaerus (1994)
and Hannukkala et al. (2007) also explained that
environment plays a considerable role in the develop-
ment of late blight. Temperature and humidity are the
principal factors that affect disease development. Gen-
erally, moderate temperatures (10-25°C) and wet
conditions (100% relative humidity) are required for
sporulation (Harrison 1992). The present study found
that Injibara, which had the most favourable environ-
ment for late blight disease development, had the
highest disease severity, providing the best discrimi-
nation among the tested clones. The lower coefficient
of variation recorded for AUDPC and relative yield
loss percentage also confirms more uniform disease
development at Injibara than the other sites.
Significant genotype x location interaction was
observed for late blight resistance, yield and yield-
related traits. The tested clones exhibited interval sus-
ceptibility scale differences <4 across the three
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locations, except for cultivar Belete (Fig. 1). Interest-
ingly, Belete displayed the highest late blight suscepti-
bility at Adet despite the relatively low disease
pressure there. However, this clone was among the
most resistant genotypes at both Injibara and Debark.
The present findings differ from the observation of
Haynes et al. (1998) who reported that highly resis-
tant and susceptible genotypes were the most stable
but that some of the intermediate clones were less
stable. Observation of partially resistant clones behav-
ing differently to Phyphthora infection in different
locations has also been reported by Parker et al.
(1992), Mulema et al. (2004) and Forbes et al.
(2005). The discrepancies in late blight severity shown
in some genotypes across locations could be associated
with isolate variability, adaptation of the pathogen to
quantitative resistance, environmental difference
and/or a combination of all (Flier et al. 2003; Forbes
et al. 2005). The population of the potato late blight
pathogen in Ethiopia is A1 mating type, US-1 clonal
lineage plus mtDNA haplotype Ia (Schiessendoppler
and Molnar 2002). Thus, the interaction effect could
be associated with the presence of an unknown
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Table 8 Pairwise correlation coeffi-

cients showing association of late Traits AUDPC DTs Ty MTY TN MTN
blight disease and yield-related
parameters of 24 potato clones Injibara
tested at three sites in north-western AUDPC 1.00
Ethiopia DTs —0.78*** 1.00
TTY —0.64*** 0.39** 1.00
MTY —0.62%** 0.39** 0.99*** 1.00
TN —0.34** 0.14ns 0.57*** 0.52%** 1.00
MTN —0.49*** 0.30** 0.72%** 0.717%** 0.66%** 1.00
RYL% 0.78*** —0.56*** —0.73*** —0.72%** —0.36** —0.50***
Adet
AUDPC 1.00
DTs —0.77*** 1.00
TTY —0.11ns 0.19* 1.00
MTY —0.12ns 0.31** 0.91%** 1.00
TN —0.04 ns 0.18ns 0.46%** 0.63*** 1.00
MTN —0.05 ns 0.25* 0.39** 0.60*** 0.85%** 1.00
RYL% —0.31** 0.15ns —0.12ns —0.18 ns —0.36** —0.29*
Debark
AUDPC 1.00
DTs —0.91%** 1.00
TTY —0.58*** 0.48*** 1.00
MTY —0.54*** 0.45%** 0.95%** 1.00
TN —0.21* 0.30** 0.37** 0.34** 1.00
MTN —0.24* 0.31** 0.55%** 0.56%** 0.84x** 1.00

ns, non-significant; AUDPC, area under the disease progress curve; DTs, days to 5% disease severity thresh-
old; TTY, total tuber yield; MTY, marketable tuber yield; TTN, total tuber numbers; MTN, marketable tuber
numbers; RYL%, relative yield loss percentage.

Significance levels: *Significant at P < 0.05; **Significant at P < 0.01; ***Significant at P < 0.001.

environmentally dependent R gene in Belete or a
change in the pathogen genotype at Adet. More
detailed research would be required to test diversity of
pathogen genotypes among the locations.

Some clones showed ranking changes for yield and
yield-related traits, which could also be associated
with genotype x location interaction for the disease
resistance. Significantly negative correlation of resis-
tance parameters with yield and related traits was
shown in the present study. In addition, variation in
environmental factors such as daily temperature,
rainfall and soil type is critical in affecting tuber yield
(Fry 2008). Thus, the differences in tuber yield and
yield-related parameters among the clones could be
explained not only by differences in the level of dis-
ease severity but also by inherent difference in yield
potential. This can be illustrated by genotype
395109.34, which had the highest yield at Injibara
but the lowest at Adet, despite its stable susceptibility
score (2-3).

Marked variability was detected in late blight resis-
tance, tuber yield, marketable tuber yield, total tuber
numbers and marketable tuber numbers within and
across locations. AUDPC was highly correlated with
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17th  of

Fig. 1 Cultivar Belete (CIP-393371.58) at Adet on the
September 2014.

DTs in all three study locations, suggesting that sus-
ceptible cultivars succumb to the disease early, result-
ing in higher AUDPC values. Similar findings have
been reported by Dorrance et al. (2001) who noted
that specific components of resistance such as infec-
tion efficiency, latent period and lesion growth rate,
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which are included in the measurement of DTs,
would likely contribute to partial resistance. They also
suggested that DTs is the most efficient method to
measure components of resistance under field condi-
tion. Significant correlation was found between RYL
% and AUDPC in both test locations confirming the
great potential of AUDPC in detecting differences in
disease development between cultivars.

A negative correlation was found between AUDPC
and yield and yield-related traits, that is TTW, MTW,
TTN and MTN under unsprayed conditions at Injibara
and Debark. At Adet, only a weak correlation was
observed between AUDPC and yield and yield-related
traits, as well as between RYL and DTs, TTY and MTY.
This may have resulted from lower severity and late
appearance of the disease at Adet. Mean rAUDPC val-
ues were approximately twofold higher at Injibara
than in Adet. Estimation of low levels of disease sever-
ity often leads to high standard errors because of irreg-
ular distribution of disease within the crop (Danielsen
and Munk 2004). In the presence of high disease
severity at Injibara, RYL% was highly and negatively
correlated with DTs, yield and yield-related parame-
ters as expected. The strong correlation between RYL
% and DTs indicates that the early appearance of the
disease has greatest potential to cause serious yield
reductions.

Significant variation was observed among clones
with regard to late blight infection under unsprayed
regimes. The eight genotypes with the highest late
blight resistance (i.e. those with interval susceptibility
scores of <3, longer DTs and <37% vyield loss) in all
three locations were 396004.263, 396029.250,
393220.54, 395011.2, Gudene, 395096.2, 395017.229
and 396034.103. Clones 395109.34, 396031.108 and
395077.12 had moderate resistance (interval suscepti-
bility score of 3 and yield loss ranging from 37 to
50%). These eleven clones are thus potential parents
for late blight resistance breeding. Among these, five
clones (396029.250, 395017.229, 396004.263,
396034.103 and 395077.12) were relatively high
yielding (=25 t/ha), had flowers and produced pollen
(first author’s personal observation). Clones exhibit-
ing adequate levels of late blight resistance combined
with high yields can be valuable genetic resources for
breeding programmes and/or for large-scale produc-
tion (after yield stability testing). The most susceptible
genotypes across the study sites (>4 on the interval
susceptibility scale and >50% vyield loss) were
396038.107, Guassa, 395015.6, 396038.101,
395017.14 and Gorebella. The present study found
that late blight resistance levels of the B3C2 clones
were more variable under the present environments
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than their ‘resistant to moderately resistant’ reaction
reported by CIP (Table 1). This could be attributed to
differences in pathotypes and environments. The same
result has also been reported by Yao et al. (2011).

Conclusions

Results from the current study revealed significant
differences in the level of resistance to late blight dis-
ease and the effect of late blight on yield and related
traits among the tested potato clones. The following
clones had resistant to moderately resistant reaction
to late blight disease across the study locations:
396004.263, 396029.250, 393220.54, 395011.2,
Gudene, 395096.2, 395017.229, 396034.103,
395109.34, 396031.108 and 395077.12. All the local
and newly released cultivars except Gudene were sus-
ceptible to late blight, suggesting the need for strategic
resistance breeding using the novel parents. Correla-
tions between AUDPC, DTs and RYL were signifi-
cantly positive indicating that early appearance of the
disease could result in higher AUDPC values and yield
loss. Strong and significant correlation existed
between AUDPC and DTs across the study sites, sug-
gesting that DTs was the most important parameter in
identifying resistant clones. Overall, the study identi-
fied high yielding clones with adequate levels of late
blight resistance that are recommended for breeding
or direct production after yield stability tests.
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