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Abstract

The primary objective of the potato program in Uganda is to develop improved varicties with high yields, late
blight resistance, good agronomic characters, acceptable post-harvest qualities and adaptable to many environments,
However, development of useful crop germplasm is only beneficial if it is distributed and subsequently utilized,
Sixteen advanced potato clones, with Victoria and Kisoro varieties as standard checks, were evaluated in six
seasons at Kalengyere Research Station for yield, resistance to late blight, and other agronomic traits. Farmers
participated in the on-station evaluation p and selected six genotypes for on-farm and farmer field schools
cvaluations. As a result, genotypes 382171.4, 381403.8 and 575049 were released in 1999 as NAKPOT 1,
NAKPOT 2 and NAKPOT 3 varicties, respectively, and genotypes CIP 381471.18 and CIP 387121.4 are at pre-
release level. NAKPOT 1 and NAKPOT 3 were selected for their high yields, early bulking and resistance to
late blight. CIP 387121.4 was selected for its resistance to late blight and red skin colour. CIP 381471.18 was
selected for its high yields, round tuber shape, white skin colour, culinary qualities and high resi to late
blight, although it has a very long dormancy period and is relatively late maturing.
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Introduction

Major causes of high cost of potato (Solanum tuberosum L.) production in developing countries,
Uganda inclusive, continue to be high cost and low quality of seed materials and the control of pests
and discases. Most of these yield-reducing constraints can be overcome by continued emphasis on the
development of potatoes with durable resistance to major insect pests and diseases, which can underpin
integrated pest management practices (Zandstra, 1996). Host resistance is the most effective way of
controlling most plant diseases (French, 1994). Late blight (caused by Phytophthora infestans (Mont)
de Bary) is the single most important biotic constraint to potato production in sub-Saharan Africa
(Hakiza, 1999; Sengooba and Hakiza, 1999). The discasc is very severe in the tropical highlands of
eastern and central Africa where inoculum is almost continuously present. The problem of late blight
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is associated with serious yield loss and costly fungicides; morcover, only a few late blight resistant
varieties are available. Farmers have limited income to apply fungicides regularly, and the disease
causes serious yield reductions in most years. In Uganda, apart from environmental concerns,
chemicals are often not affordable and growers are obliged to accept the losses that the disease inflicts
on their potatoes. Continued search for varieties resistant to late blight, therefore, offers hope to the
resource-poor farmers who are responsible for production of potatoes in Uganda.

The primary objective of potato research and development in Uganda is to find the most effective
means of generating and transferring improved potato production and utilisation technologies. In
order to obtain high potato yields, especmlly in the Southwestern Uganda where late blight is very
important, efforts have conc on breeding varnietics that are resistant to the disease although the
use of fungicides is still crnphmscd. Greater farmer involvement in identification of researchable
questions, selection of potential solutions, on-farm evaluation, and validation of results could give a
more efficient research process, and creative combinations of farmer wisdom and technical expertise
(Francis et al., 1988). Adoption of technologies that have only been tested on research stations has
often been poor since it has generally lacked farmer involvement in the selection process and sufficient
evidence of their applicability in farmers' environments. Verification of the usefulness of such
technologies lies in effectively carrying out multi-locational and on-farm trials while working with
farmers in their fields. In this study both on-station and on-farm evaluation of advanced potato
genotypes for resistance to late blight and suitable agronomic characteristics was conducted. The
major objectives of the study were (i) to obtain information on the performance of improved potato
genotypes under a wide range of agro-ecologies in Uganda and assess the adaptability of the improved
genotypes; and (ii) to test the promising genotypes on-farm so as to identify those for release.

Materials and methods
On-station evaluation

Tubers of cultivars and breeding lines were obtained from the previous cohorts of potato materials
evaluated at Kalengyere Rescarch Station but originally received from the International Potato Center
(CIP), Lima, Peru. Most of these materials were introduced into Uganda in 1992 for evaluation for
agronomic characteristics and resistance to late blight (Hakiza et al., 1997; 1999). Ficld experiments
were conducted at Kalengyere Rescarch Station during six cropping seasons of 1997B, 1998A, 1998B,
1999A, 1999B and 2000A. The A and B refer to the first (February-July) and second (August-January)
seasons, respectively. Sixteen potatoclones selected for resistance to late blight were used in the study
with Victoria and Kisoro varieties as standard checks.

In 1997B, 1998A and 1998B, planting was done on 10 September 1997, 10 March 1998 and 9
September 1998 while harvesting wasdone on 12 January 1998, 30 June 1998 and 14 December 1998,
respectively. In these three seasons the potatoes were grown in a randomised complete block design
replicated four times. Spacing was 70 cm between rows and 30 em within rows. Plot sizes were 6.3
m? based on two rows that were 4.5 m long comprising of 30 plants. A fertiliser rate of 80 kg ha' of
nitrogen, 50 kg ha' of phosphorus (P,0,) and 50 kg ha' of potash (KCI) was applied in a furrow in
each row and mixed with soil using a hand hoc handle. This was followed by placement of seed tubers
in these furrows after which the tubers were lightly covered with soil before ridges were made. Two
weeding/carthing up operations were carried out; the first one abuut 25 days after planting and second
one about 40 days after planting. Three sprays with Dithane M45 (Mancozeb 80% WP) at the rate of
2.5 kg ha'! were applied at fortnight intervals starting immediately after the first weeding. Four late
blight assessments were conducted at 10-day intervals, beginning on the day of the firstspraying, using
a scale of 0-100% (Henfling, 1987). In the 1999 season, the trial was planted on 27 April 1999. Plot
size was 12.6 m* with plant spacing of 70 cm x 30 cm. One prophylactic spray of Dithane M45 was
applied at 100% crop emergence, 34 days after planting. Four late blight assessments were done.
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Harvesting was done on 13 August 1999. During 1999B scason, planting was done on 16 August, and
two prophylactic sprays of Dithane M45 were applicd. Five late blight assessments were carmied out
at 10-day intervals. Plot size, spacing and agronomic management were similar to those in the previous
season. Harvesting was done on 14 December 1999. For the 2000A season, planting was done on 6
March 2000 at similar spacing, plot size, and agronomic practices as those of the previous season. Two
prophylactic sprays of Dithane M45 were applied, and harvesting was done on 4 July 2000.

The major attributes evaluated during the four seasons were number of tubers per plant, tuber weight,
yield per hectare and late blight severity based on 0-100% score (Henfling, 1987). Area under disease
progress curve (AUDPC), computed from the percent leaf area blightled recorded on cach late blight
assessment time, was the indicator of each clone's resistance to late blight. Mean relative AUDPC
(Campbell and Madden, 1990) was calculated for each clone in cach year for the Kalengyere Rescarch
Station data. Clones were then ranked basing on mean yield and relative AUDPC.

The research team and farmers were present at harvesting time to select, by consensus, genotypes
to retain for further stages of testing and multiplication. Two ficld days were staged at Kalengyere
Research Station to give farmers and district agricultural staff opportuhity to participate in sclection
of materials that were likely to be their future varietics.

On-farm evaluation

Basing on the results of the on-station vanety selection, six clones were selected for evaluation in the
farmers’ environments including farmer field schools (FFS). The clones selected for on-farm trials and
farmer field schools were 382171.4, 384329.21, 387146.48, 381471.18, 387121.4 and 575049.
Victoria, the most widely grown improved variety (and sometimes Rutuku), was used as a standard
check during these on-farm evaluations. These farmer-managed trials were carried out with farmers
in Kisoro, Kabale, Ntungamo and Mbarara districts. At each farm site the experiments were conducted
on plots measuring 12.6 m* with a spacing of 70 cm x 30 cm in a randomized complete block design
with three replicates. A total of 12 farmer field schools composed of >360 participants were involved
in the evaluation of these selected genotypes in 1999B, 2000A and 2000B. In the farmers’ field schools
the genotypes were evaluated with or without fungicidal sprays. Two field days were held at harvesting
in 4 farmer field schools.

Results

Relative AUDPC:s for late blight were analysed separately for each season at Kalengyere Research
Station. There were significant differences among clones for AUDPCs in each season (Table 1). The
results in Table 1 clearly show that in all the five scasons the elite 16 genotypes, selected in previous
trials for resistance to late blight, maintained resistance to the discase and were consistently less
blighted than the two local checks, Kisoro and Victoria. Victoria had the highest late blight discase
severity followed by Kisoro . This implies that among the materials evaluated there were some with
better resistance to late blight than the already released varieties,

During 1997B, the five highest yielding genotypes were 387121.4,381471.18,382171.4,384329.21
and 384316.9 (Table 2). In the 1998B season, Victoria had the highest late blight attack (AUDPC)
although its yield (31 Mt/ha) was not significantly lower than that registered by genotype 387121.4,
the best yielding genotype during the season (Tables 1 and 2). The highest yielding genotypes in
1999A scason were 381471.18, 381403.8, 382157.30, Victoria and 387173.12 while the best
performing genotypes in 1999B were 382171.4,381471.18, Kisoro, 382173.12, Victoriaand 387114.10.
The best yiclding clones during the 2000A season were 381471.18 and 387121.4, with yields of 33.4
and 28.9 Mt ha", respectively (Table 2). In the 2000A season Victona was heavily attacked by late
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blight which in turn reduced its yield drastically (Tables 1 and 2).

Overall, the highest on-station yiclds were produced by genotypes 382171.4 and 381471.18 with
mean average yields, over the six seasons, of 29.8 and 29.6 Mt ha', respectively (Table 2). Although
genotype 381471.18 was introduced to Kalengyere Research Station from CIP, Lima, in 1992, it did
not gain prominence until farmers participated in on-station evaluations in 1998B and 1999B. Despite
the fact that it is white-skinned and most farmers prefer growing red-skinned varieties due to market
preferences, clone 381471.18 was selected by farmers based on its high yiclds, round tuber shape and
high culinary quality. This clone has very high level of resistance to late blight but with a long
dormancy period of 4-5 months.

Results from the farmer-managed on-farm trials revealed that farmers were able to identify
genotypes that were high yielding and resistant to late blight. The highest yielding genotypes in
Mbarara were 394329.21, 57049, 382171.4, 381403.8 and 387146.48 (Table 3). In Ntungamo,
however, when working with the Nyabugando farmers® group, Victoria was the best yielding genotype
followed by 387146.48 with yiclds of 29.9 Mt ha' and 23.6 Mt ha', respectively (Table 4). In
Nyamiyaga village (Kabale district) 387146.48 had the highest yield although not significantly higher
than that of Victoria or 381471.18 (Table 4). At four individual farmers’ ficlds in Kisoro district,
genotype 382171.4 had the highest yield followed by 575049 and 384329.21. Victoria performed
worst on these farms. These advanced clones yiclded less at farmers' fields (Tables 4 and 5) compared
to the results obtained at research stations (Table 6) but the yield difference between on-station and on-
farm trials was much lower than that previously reported (Low, 1997).

Table 1. Relative area under di: progr curves (RAUDPCs) of 16 advanced potato clones during 19978,
1998A, 19988, 19998 and 2000A seasons at Kalengyere and their relative ranking starting with the most resistant
clone o late biight.

Genotypes Rolative area under disease progress curve (RAUDPC)
19978 1998A 19988 19998 2000A Mean Ranking

384329.21 55 123 5 34 143 68 1
575049 as 123 7 32 10.1 7.0 2
387114.10 31.0 231 6 6.3 15.7 7.0 3
387121.4 86 143 5 35 108 8.4 4
382171.4 114 120 5 39 142 93 5
381403.8 22.1 283 7 3.0 127 122 (]
3843169 11.1 287 7 37 13.1 127 7
3821505 133 224 8 56 14.4 127 8
38147118 18.9 227 8 5.4 10.7 131 9
387199.30% 17.3 239 7 42 - 13.1 10
382173.12% . 149 6 47 17.4 131 1
386007.2 116 286 6 56 15.7 135 12
387143.37% - 30.9 3 58 15.1 13.7 13
382157.30 202 26.4 6 35 133 139 14
384287.12 31.8 18.8 8 43 144 155 15
387146 .48 226 30.1 9 66 139 16.4 16
Kisoro 216 312 1 75 214 185 17
Victoria 492 419 13 9.8 186 265 18
LSDg.05 95 52 38 23 43

CV (%) 308 15.6 395 319 211

¥The clones shown by a dash (-) were not evaluated during those particular, seasons.
xCheck varieties .

yA and B refer to first (March - July) and d (Sep -J y) seasons, respectively.
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Discussion

The national potato breeding program in Uganda is dependent on the materials obtained from the
International Potato Center breeding program. Previously, farmers were not actively involved in
selection of useful potato genotypes although on-farm trials were being conducted on farmers' ficlds.
Farmers knowledge of late blight was also limited. In this study, farmer participatory breeding was
initiated to cnable farmers participate actively in variety selection at early stages of varicty
development, bearing in mind that development of useful germplasm is only beneficial if it is
distributed and subscquently utilized. To this effect farmers evaluated 16 advanced clones in
researcher managed trials and identified 6 for further evaluation under farmer conditions, This exercise
revealed that genotypes 382171.4 and 575049 were the best yielding genotypes and were highly
resistant to late blight. These two genotypes were released at the beginning of 1999 as NAKPOT 1 and
NAKPOT 3, respectively (Kakuhenzire et al., 1999). Although genotype 384329.21 gave very high
yield at Kachwekano and Kalengyere, and had high levels of resistance to late blight, farmeu rejected
it on the grounds that it produced poorly-shaped tubers,

Host resistance to late blight will continue to play a big role in mlegratod disease management since
the population structure of P. infestans is changing (Davidse et al., 1993; Deahl ez al., 1995), fungicide
resistance is increasing (Fry et al., 1993; Deahl et al., 1995), and farmers are still unable to afford the
high cost of fungicides. In this study, most of the elite genotypes exhibited higher levels of resistance
to late blight than the current available cultivars. As a result, some of these genotypes have been

leased. For sustainable potato production, however, integration of host resistance and judicious use
of fungicides into the farming systems is needed (Fry and Shtienberg, 1990). Information is also still

Table 2. Average yield of 16 ad d potato clones at Kalengyere Research Station during six seasons and
their relative ranking in ascending order.

Genotypes Yield (Mt ha)
19978° 1998A 19988 1999A 19998 2000A Mean

i

382171.4 465 202 29 122 46.2 245 208 1
38147118 399 221 24 154 27 334 206 2
Victoria 246 216 31 143 319 14.1 275 3
387121.4 44.1 8.6 34 131 244 289 255 4
384316.9 36.1 318 20 88 276 231 246 5
Kisoro 29.7 216 25 129 354 23 245 6
387146.48 S5 226 19 125 288 23.1 234 7
382173.12% - 114 23 137 346 276 221 8
381403.8 345 31.0 25 149 139 1.4 21.8 9
387114,10 31.7 16 27 83 299 19.7 214 10
384287.12% 332 . 18 76 205 16.2 209 11
382157.30 289 133 22 14.6 259 17.3 20.3 12
384329.21 39.4 1.1 21 6.9 231 19.4 20.1 13
382150.5 345 18.9 16 82 204 153 18.9 14
575049 205 as 18 9.3 217 211 182 15
387143.37% . - 9 9.3 263 17.0 15.4 16
387199.30% 218 17.3 15 58 124 . 14.4 17
386007.2 17.7 55 10 78 139 18 1.1 18
LSDg 05 70 95 8.7 66 142 48

CV (%) 124 30.6 285 429 36.5 16.4

"ﬂudamdwnbylduh(-)mnotmudmmmmm.
Check varieties
*A and B refer to first (March - July) and second (September - January) seasons, respectively.
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Tabile 3. Performance of potato population A genotypes at Thom Tree Farm, Nyakayojo (Mbarara) in 19988 and
19998.

Entry Thom Tree Farm, Nyakayojo
19988 19998
Mean tuber Mean tuber  Yield (Mt ha') Mean tuber Mean tuber  Yield (Mtha)
#perplant  weight (g) #perplant  weight (g)

3821714 7 96.4 237 6 859 224
384329.21 5 944 20 6 1141 30.1
Victoria 6 39.7 98 6 472 112
381471.18 4 100.5 159 5 838 164
384287.12 4 584 92 8 665 193
318403.8 5 548 186 5 741 163
575049 6 744 196 1 63.1 277
3821505 5 99.5 174 5 813 108
387146.48 4 100.8 193 6 249 286
387114.10 4 885 9.1 7 63.7 186
3871214 5 60.7 1.1 9 54.7 211
382173.12* . - - 7 55.1 142
3843169 4 740 96 6 99.1 206
386007.2° 7 733 199 - - -
Kisoro [} 38.0 82 10 355 135
387143.37° - - - 6 814 19
382157.30 4 61.1 6.6 8 524 136
387199.30" 4 68.3 104 3 59.7 1.1
LSDo. 3 245 44 24 144 62
cv. (QOG? 266 19.7 198 222 121 215

*This cione was not planted at this site.
**The poor performance was due to high level of virus infection.

Table 4. Yield of five promising genotypes at four farms and two farmer field schools, in Ntungamo, Kisoro and
Kabale districts during the d (B) season of 1998.

Genotype Yiekd (Mt ha"1) at farm sites
*Ruguira’  Rwakare Kinahiwe 'Munyankiko Nyamiyaga Nyabugando  Mean
David Justus Jeremina David Farmers’ Group Fammers’ Group

382171.4* 188 334 18.7 16.9 293 142 219
381403.8" 146 204 141 185 - - 169
387146.48 11.0 245 124 18.8 36.7 236 212
575049* 176 342 15.1 201 - - 218
Victoria 58 240 83 179 299 299 193
384329.21 135 283 99 246 262 20.7 205
387121.4 - - - - 246 193 220
LSD (5%) 74 96 32 . 8.0 145

C.V (%) 239 21.1 126 . 154 40.6

"The materials from this tarm were harvested and bulked and no statistical analysis could be done.

*Damage due to mole rats reduced yield especially for Victoria.

**These varieties were released in 1999. The official names for genotypes 382171.4, 381403.8, 575049 are
NAKPOT1, NAKPOT2 and NAKPOT3, respectively. )

Farmer Rugurira, Rwakare, Kinahirwe and Munyankiko are from Kisoro district, Nyamiyaga farmers’ group is in
Kabale and Nyabugando farmers’ group is in Ntungamo district.
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Table 5. Comparative yields of six promising potalo genotypes at four Fi " Field Schools during the first (A)
season of 2000.

Genotypes Yield (Mt ha"') at each Farmers' Field School
Karubanda Kabira Rukaranga Nyamiyaga Mean
387146.48 1.1 15.0 19.7 188 16.1
384329.21 15 95 15.0 18.0 135
3821714 15.6 174 17.0 18.0 168
575049 74 1.7 19.0 215 149
Victoria 10.6 172 19.0 182 147
Rutuku 73 161 129 206
LSD 0.05 6.9 86 81 1.7 142
CV (%) 252 23.0 185 237
Tabie 6. Mean yield of promi: rieties at Kalengyere R h Station (Kabale), Maziba Technology Verification
Centre (Kisoro), MWMFM»W(KM)W 19988 and 19998 seasons.
Varieties Yield (Mt ha')
Kalengyere Maziba Kachwekano Mean
19988 19998 19988 19998 19988 19998
Victoria 31 319 9.1 325 531 280 309
3871214 34 244 118 236 56.1 215 231
384329.21 21 231 13.7 238 576 259 275
3821714 29 46.2 15.1 395 543 265 351
387146.48 19 288 79 18.9 541 303 265
381471.185 24 427 165 374 . 303 302
5750495 18 277 19.0 217 504 . 274
LSD 8.7 142 43 151 124 109
Cc.v. (%) 285 36.5 255 284 125 221

hmaansmnamm.meummmmmm.

needed on the relationship between discase susceptibility and crop loss under different environmental
and cultural regimes, as an aid to identifying the level of resistance at which the breeder should aim
(Umaerus etal., 1983). Additionally, a follow-up study should be made to assess the magnitude of crop
losses incurred on varicties with different levels of resistance under judicious fungicide applications.
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