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ABSTRACT

Common bean (Phaseolus vulgaris) is an important food crop in Rwanda as it contributes to food
security and income generation. Resistance to root rot disease in introduced genotypes is
insufficient for consideration as superior without evaluation for yield potential. The objective of
this study was to evaluate the performance of different introduced genotypes under Rwandan
conditions and to assess their resistance to bean root rot diseases. A total number of 570
genotypes including 300 genotypes introduced from CIAT coded ADP, 18 locally developed
inbred lines high iron and zinc content and 252 genotypes introduced from Michigan State
University (MSU) were evaluated in Rubona and Akanyirandoli experimental sites of Rwanda
Agriculture and Animal Resources Development Board. Out of the 300 introduced genotypes, 76
candidates were selected for future intermediate trials. Among the 76 genotypes evaluated during
intermediate trials, 5 genotypes including ADP47, ADP48, ADP53, ADP57 and ADP93 were
selected based on yield performance for further evaluation in advanced vyield trials. All ADP
lines performed poorly compared to the rest of tested entries. Only ADP48 was kept for further
evaluation due to its superior performance which was twice that of other ADP lines. The best
locally bred materials included 2015AN004, 2015AN012, 2015AN15, 2015ANO011,
2015AN010, and 2015AN005 with a mean vyield ranging between 1083 and 1449 kg ha-1.
Among the 252 introduced genotypes from MSU, though none survived the stress under field
conditions, 15 were found to be resistant, 115 were tolerant and 122 were susceptible to the
endemic root rot diseases in Rwanda.
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1. INTRODUCTION

Common Bean (Phaseolus vulgaris) is an important crop in Rwanda as it contributes to food
security and income generation (Larochelle et al., 2016). The annual per capita consumption of
common bean is higher among low-income people who cannot afford to buy nutritious food stuff
such as fish and meat (Namugwanya et al., 2014). According to Larochelle et al., 2014, Rwanda
has been the highest per capita bean consumption (around 29-60 kg per person per year) in the
world; hence it’s a key crop for food security. Despite this importance, bean yields have
drastically declined over the past years (FAO, 2018). This is due to various factors, among them
predominance of cultivars susceptible to numerous biotic and abiotic stresses (Rodriguez De
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Luque et al., 2014; Kajumula and Muhamba, 2012). Common varieties of bean grown in
Rwanda are bush and climbing types each having a particular benefit. In land constrained fields,
the vertical production of climbing beans increases land use efficiency over bush type varieties.
However, bush bean management can be simpler, and the earlier maturity is sometimes preferred
(Katungi et al., 2016). Unfortunately, bush beans are severely affected by diseases especially root
rots (Rusuku et al., 1992), climate change and variability in precipitation. For instance, legume
production went down in 2004 due to heavy rains in high altitude regions, which are generally
more productive regions (Mikova et al., 2015). Generally, under stress conditions, root rot
disease cause significant yield losses to bean production (Abawi and Ludwig, 2005). Nzungize et
al. (2012) reported yield losses of up to 70% in bush beans due to root rot disease in Rwanda.
Empirical evidence shows that poverty would have been 0.4 higher in Rwanda in the absence of
the development and adoption of improved bean varieties (Rodriguez De Luque et al., 2014;
Larochella et al., 2013)

In order to address these issues, the adoption of new crop technologies like improved varieties
and use of good agricultural practices is needed. Moreover, as highlighted by Larochelle et al.,
(2014) food security would have been decreased in absence of adoption of improved bean
varieties in Rwanda. Increased in yield as a results of using improved varieties has been reported
in Uganda (Sebuwufu et al., 2015), in Kenya and Ethiopia (Katungi et al., 2010). The
introduction of high yielding, disease tolerant varieties with quality characteristics acceptable to
the local market is essential to the improvement of local production (Richardson, 2011).
Therefore, the resistance to root rot disease in introduced genotypes alone is not sufficient for
consideration as superior without evaluation for yield and local adaptation.

Through collaboration between Rwanda Agriculture and Animal Resources Development Board
(RAB) and CGIAR centers, several genotypes presumed to be resistant to root rot(s) were
introduced to assess their adaptability in Rwandan environment. Therefore, the objective of this
study was to evaluate the performance of different introduced genotypes under Rwandan
conditions and to assess their resistance to bean root rot diseases.

2. MATERIALS AND METHODS

A total number of 300 genotypes were introduced from CIAT coded ADP for adaptability test
and evaluation of root rot resistance. The Andean Diversity Panel (ADP) was assembled by
Cichy et al. (2015) to represent the diversity of Andean bean genotypes, varieties and landraces
from South and North American and East Africa. They were planted in a screening nursery at
Rubona in October 2013 and late July 2014 for preliminary trials. Each genotype was planted in
two replicated plots of two by one meter consisting of two rows.

A second set of 252 genotypes of bush bean were introduced from Michigan State University
(MSU) for root rot resistance evaluation. The study was conducted at RAB research field site
located at Akanyirandoli, Nyamagabe district. Each genotype was planted in unreplicated plots
of three by one meter consisting of two rows using an augmented design. Plant spacing, fertilizer
application and other agronomic practices were followed similar to the ADP nursery.
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Candidate genotypes selected for intermediate trials were conducted in November 2014, late
March and July 2015 in Rubona, (1706m; S2° 48’; E29° 76) and Akanyirandoli (2153m; S20°
30° 43.2”; E29° 30’ 007”), Rwanda Agriculture and Animal Resources Development Board
research fields, Huye and Nyamagabe districts respectively. Both sites were selected because
they are hot spots for the root rot bean disease complex. Superior genotypes selected for
advanced trials were evaluated in late October 2015 and late March 2016 in Nyamagabe and
Rubona research fields. The figure 1 describes the weather conditions during experimental
period.

2000 4 Total annual rainfall

Average monthly rainfall
1500 -

H Rubona 1000 = Rubona

W Nyamagabe
B Nyamagabe =00

0
0

2013 2014 2015 2016 2013 2014 2015 2016

26 - . 16 - -
Maximum temperature Minimum temperature

25 - 15
24 - H Rubona B Rubona
23 - m Nyamagabe 14 7 B Nyamagabe
22 13 A

2013 2014 2015 2016 2013 2014 2015 2016

Figure 1: Weather conditions during the experimental period

In addition to these selected genotypes, eighteen high iron and zinc content inbred lines locally
developed were evaluated together. Moreover, local and improved (RAB) bean varieties were
used as checks for root rot disease (RRD) resistance. Each genotype was planted in three
replicated plots of two by two meters consisting of four rows.

For all experiments, the field was ploughed twice prior good seed bed preparation and sowing.
At the day of planting, well-composted farm yard manure (30t/ha) and DAP (100kg/ha) were
applied. Then, one seed was planted per hole at spacing of 50cm between rows and 10cm within
rows. During the process of hilling up the bean rows, 100kg/ha of Urea was applied. Weeding
was carried out when necessary however, no pesticides were applied to control weeds.

Data collection

Selection of genotypes was based on growth parameters and diseases occurrence. The parameters
included; plant vigor, pod efficiency, days to flowering, days to maturity, plant harvested/plot,
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pod/plant, grains/pod and yield. Natural disease infections were assessed for; Angular leaf spot,
Ascochyta blight, Bean common mosaic necrosis virus (BCMNV), Bean common mosaic virus
(BCMV), Common bacterial blight, Bean rust and root rots using 1-9 scale (CIAT, 2012).

Root rot disease was assessed twenty-one days after emergence. Ten plants were randomly
selected per genotype and were uprooted taking care not to damage roots then washed to remove
adhering soil. The roots were excised, observed for disease symptoms and scores given, based on
a 1 to 9 disease scale, (CIAT, 1987) as: 1= No visible disease symptoms; 9 = Approximately
75% or more of the hypocotyl and root tissues affected with advanced stages of rotting combined
with a severe reduction in the root system.

Data Analysis

All experimental results were analysed using Microsoft Excel, Genstat statistical software
package, the analysis of variance and coefficient of variation (% CV) were performed and mean
values or Least Significant Differences (LSD) were compared using the procedures of Duncan’s
at the 5% level of significance.

Preliminary trial results

Out of the 300 introduced genotypes evaluated, 76 candidates were selected for future
intermediate trials. Significant differences were observed among genotypes on yield performance
at P<0.05 (Table 1). Significant differences were observed between genotypes in terms of plant
vigor (P<0.001), pod efficiency (P=0.007) and yield (P<.001) (Table 2a, b, c, d). The average
yield ranged from 0.1kg ha™ for ADP114 to 1612 kg ha™* for ADP282. Compared to the control
RWR 2245 which yielded 1076 kg ha™, the top yielding 16 APD lines ranged in yield from 1612
to 1081 kg ha®. No significant difference (P>0.05) was observed for Angular leaf spot,
Ascochyta blight and bean rust disease. However, there was significant differences (P< 0.05) for
reaction to Bean Common Mosaic Necrotic Virus (BCMNV) and Bean Common Mosaic Virus
(BCMV)
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Table 1: Analysis of variance of yield performance of 76 selected entries bred and introduced for resistance to bean root rot in

2015.

Source of variation D.F. S.S. M.S. V.R. F pr.
Environments 2 727082 363541 3.06 0.049
Entries 75 15283204 203776 1.71 0.002
Residual 202 24005445 118839

Total 279 40015731 143426

GM 467.2

CV% 74

Root rot evaluation was done at Rubona under field conditions with 76 entries evaluated in 2015B in 3 replications. Entries including
ADP666, ADP103, ADP50, ADP44, ADP6, ADP214, ADP52, ADP61, ADP54, ADP39, ADP57, ADP211 performed above average
with higher levels of resistance than the rest of evaluated entries. At Akanyirandori, all evaluated lines were susceptible to bean fly

where the whole nursery was destroyed.

Table 2a: Growth and disease data of the seventy-six genotypes selected from the preliminary trials

. Pod Yield k Angular  Ascochyta Bean

Genotypes Plant vigor Efficiency ha? ’ Iea?spot bligh}c/ BEMNV 2 ust BCMV
ADP4 5.0 7.0 748 4.5 2.2 1.0 1.8 5.3
ADP6 4.8 6.5 771 4.2 2.5 1.0 2.8 4.3
ADPS8 5.0 7.3 1090 45 2.0 1.0 2.0 4.8
ADP10 5.0 6.3 846 3.0 2.2 1.0 3.0 5.3
ADP11 5.5 6.8 911 5.0 3.0 1.0 2.3 6.8
ADP18 5.0 7.0 753 3.0 2.0 1.0 2.8 4.8
ADP19 4.8 7.0 769 3.2 2.0 1.0 3.0 6.3
ADP21 6.0 7.5 530 2.0 1.7 1.0 2.0 6.5
ADP26 4.8 6.0 931 35 2.2 1.0 2.0 4.0
ADP29 4.8 6.8 759 3.7 2.2 1.0 3.3 7.3
ADP30 4.5 6.5 736 4.0 3.0 1.0 1.8 4.3
ADP31 4.8 6.5 840 5.0 2.7 1.0 3.3 6.8
ADP32 4.0 5.8 1345 4.7 2.2 1.5 1.8 5.3
ADP36 4.8 6.3 890 2.5 1.7 1.0 1.8 6.5
ADP37 4.5 6.5 1083 3.7 2.5 1.0 2.3 5.3
ADP38 5.0 7.0 701 4.0 3.2 1.0 2.0 5.5
ADP43 4.8 7.0 1415 4.0 2.5 1.7 1.5 6.3
ADP44 4.8 6.3 1081 35 2.0 1.0 1.8 6.3
ADP45 5.5 7.5 750 3.2 2.0 1.0 2.5 6.8
RWR 2245

(Check) 4.4 6.2 1076 3.1 2.2 1.21 1.6 3.1
P value <.001 0.007 <.01 0.479 0.991 <.001 0.996 <.001
% CV 20.42 21.73 60.83 52.59 44.21 83.97 78.08 34.88

1 to 9 disease scale, wherel= No visible disease symptoms; 9 = Approximately 75% of the plant part affected
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Table 2b: Growth and disease data of the seventy-six genotypes selected from the preliminary trials

. Pod Yield Angular  Ascochyta Bean
Genotypes Plant vigor Efficiency kg ha' Iea?spot bligh3t/ BCMNV - pust BCMV
ADP46 4.8 5.8 1315 4.0 2.2 1.0 2.0 6.0
ADP47 45 6.5 1150 3.5 2.7 1.0 2.3 7.0
ADP48 5.0 6.5 963 55 3.2 1.0 2.5 7.5
ADP49 4.8 7.3 894 3.7 2.1 3.5 2.8 5.6
ADP50 4.3 6.0 1316 4.2 3.2 1.0 2.0 5.8
ADP51 4.8 6.5 824 3.0 3.0 1.0 2.5 6.0
ADP52 5.3 6.8 703 3.7 2.7 1.0 2.0 55
ADP53 4.5 6.5 908 3.7 2.0 1.0 3.0 6.0
ADP54 5.0 6.5 946 3.0 1.7 1.0 3.3 7.5
ADP56 5.0 6.7 844 4.4 2.4 1.1 3.0 1.7
ADP57 4.5 6.3 1316 4.2 2.5 1.0 2.0 6.5
ADP58 4.3 6.0 1303 3.5 2.2 1.0 2.8 55
ADP59 5.5 7.5 801 3.5 2.5 1.0 2.5 7.3
ADP60 4.8 7.3 1203 4.0 3.2 1.0 1.8 8.3
ADP61 4.8 7.0 1103 3.0 2.2 1.0 1.8 45
ADP62 4.8 7.0 766 3.5 2.5 1.0 2.8 6.8
ADP64 4.5 7.0 825 3.2 2.7 1.0 2.5 7.8
ADP66 4.8 6.5 939 4.7 2.5 1.0 2.3 6.8
ADP69 6.0 6.8 612 3.7 1.7 1.0 2.3 6.8
RWR 2245
(Check) 4.4 6.2 1076 3.1 2.2 1.21 1.6 3.1
P value <.001 0.007 <.01 0.479 0.991 <.001 0.996 <.001
% CV 20.42 21.73 60.83 52.59 44.21 83.97 78.08 34.88

1 to 9 disease scale, wherel= No visible disease symptoms; 9 = Approximately 75% of the plant part affected

Table 2c: Growth and disease data of the seventy-six genotypes selected from the preliminary trials

Genotypes Pod Yield  Angular  Ascochyta Bean

Plant vigor Efficiency kgha® leaf spot blight BCMNV Rust BCMV
ADP70 4.6 5.7 936 4.1 2.7 1.1 3.6 7.0
ADP77 4.8 6.8 739 3.2 2.5 1.0 2.0 7.0
ADP81 5.8 7.5 606 2.7 2.2 1.0 2.0 6.3
ADP89 4.5 6.3 931 5.0 2.5 1.0 2.5 4.8
ADP93 5.0 6.5 1065 3.7 2.2 1.0 2.5 6.3
ADP94 4.5 6.0 1119 3.0 3.0 15 2.5 3.5
ADP100 4.3 6.5 936 4.2 3.2 1.0 2.3 3.8
ADP103 4.3 5.8 914 3.0 3.2 1.0 1.5 2.8
ADP125 4.5 7.0 735 5.0 2.5 1.0 5.3 4.0
ADP188 4.5 6.8 1106 4.0 2.2 1.0 2.3 4.8
ADP211 4.8 7.0 911 3.2 2.2 1.0 1.5 6.0
ADP212 5.5 7.0 689 3.2 2.0 1.0 2.0 5.3
ADP214 4.0 6.5 1031 2.0 1.7 1.0 2.8 6.3
ADP220 4.8 7.0 938 4.0 2.2 2.2 2.0 5.5
ADP232 5.3 7.0 753 3.5 2.2 1.5 3.0 5.0
ADP282 4.1 6.9 1612 1.8 2.9 0.8 1.1 7.0
ADP367 4.8 7.5 878 4.7 2.2 1.0 3.8 6.8
ADP379 5.7 6.3 902 3.9 2.0 0.9 3.0 6.3
ADP390 5.3 7.0 734 4.5 2.5 1.0 1.8 4.8
RWR 2245
(Check) 4.4 6.2 1076 3.1 2.2 1.21 1.6 3.1
P value <.001 0.007 <.01 0.479 0.991 <.001 0.996 <.001
% CV 20.42 21.73 60.83 52.59 44.21 83.97 78.08 34.88

1 to 9 disease scale, wherel= No visible disease symptoms; 9 = Approximately 75% of the plant part affected

Table 2d: Growth and disease data of the seventy-six genotypes selected from the preliminary trials
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. Pod Yield Angular  Ascochyta Bean
Genotypes Plant vigor Efficiency kg ha' Iea?spot bligh3t/ BCMNV Rust BCMV
ADP391 5.3 7.3 801 35 3.0 1.0 3.5 4.8
ADP439 6.5 7.5 261 6.0 3.5 1.0 2.8 8.0
ADP445 55 8.0 300 5.2 2.2 3.7 2.5 5.3
ADP446 4.4 7.0 769 2.9 2.0 4.9 2.4 53
ADP455 4.8 7.3 655 2.7 2.7 1.0 1.8 4.8
ADP467 4.8 6.3 940 3.0 2.5 1.0 2.0 4.3
ADP468 5.0 6.3 934 3.0 2.2 1.0 1.8 5.5
ADP469 5.8 7.3 713 4.7 2.7 1.0 1.8 6.0
ADP489 5.0 6.8 780 4.7 2.5 1.0 2.3 5.5
ADP503 4.8 7.5 639 35 3.0 1.0 2.0 6.8
ADP521 5.3 7.3 1086 35 3.0 2.0 2.0 6.0
ADP603 4.8 6.4 860 35 2.5 2.0 2.5 3.0
ADP612 5.3 6.8 778 4.2 3.2 1.0 2.0 4.8
ADP615 3.8 5.8 649 2.0 1.5 4.7 2.0 2.8
ADP647 5.3 7.3 648 3.7 2.7 1.0 2.5 3.5
ADP665 4.8 6.5 636 3.2 2.2 1.0 3.0 3.3
ADP666 5.0 7.0 679 2.2 2.0 1.0 2.0 3.3
ADP670 5.3 7.3 613 2.0 2.0 1.7 2.0 4.8
ADP683 5.5 6.8 725 45 2.5 4.0 2.0 4.8
RWR 2245
(Check) 4.4 6.2 1076 3.1 2.2 1.21 1.6 3.1
P value <.001 0.007 <.01 0.479 0.991 <.001 0.996 <.001
%CV 20.42 21.73 60.83 52.59 44.21 83.97 78.08 34.88

1 to 9 disease scale, wherel= No visible disease symptoms; 9 = Approximately 75% of the plant part affected

Intermediate trial results

Among the 76 genotypes evaluated during intermediate trial, 5 genotypes were selected based on yield performance for further
evaluation in advanced yield trial. The selected genotypes are ADP47, ADP48, ADP53, ADP57 and ADP93 all having less yield
compared to local check (Table 3).

Table 3: Five genotypes selected based on yield performance

Genotypes Plant vigor Days to flowering Days to maturity kz 'ﬁ?l
ADP47 4.3 39.3 77.3 680
ADP48 5.0 39.3 7.7 883
ADP54 4.3 41.3 80.0 621
ADP57 5.0 41.6 80.3 780
ADP93 4.5 39.0 71.0 833
LOCAL CHECK 4.5 32.0 69.3 895
RAB CHECK 4.7 30.8 70.7 1280
P value <.001 <.001 0.023 <.001
% CV 18.88 6.24 3.38 50.38

Vigor: 1 to 9 disease scale, wherel= Good vigor; 9 = Poor vigor

Advanced trial

Anthracnose, Ascochyta blight, common bacterial blight and bean rust diseases were not observed on pods. The majority of ADP lines
performed poorly compared to the rest of tested entries (Table 4). Only ADP48 was retained for it superior 2-fold performance
compared to other ADP lines. Significant differences were observed among genotypes on yield (P<0.001, pods/plant (P<0.001),
harvested plants per plot (P<0.001), days to flowering (P<0.001 and plant vigor), rust on leaves (P<0.001), bean common mosaic virus
(P<0.01), anthracnose on leaves (P<0.05) and angular leaf spot on pods (P<0.01). The two genotypes with mean yield of 900 kg ha-1
and 832 kg ha-1 outperformed both the local and improved checks while 9 genotypes performed better than the local check (Table 4).
Differences in genotypic performance were probably due to unfavorable conditions during the growth period.
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Table 4: Agronomic data of the five introduced genotypes and local inbred lines evaluated in advanced trials

Genotypes 5:32: fllg\?v)ésr;[r?g Days to maturity  Plant harvested/plot  Pod/ plant Grains/pod k;'ﬁlgl
2015ANB 001 3.9 34.1 72.8 27.4 12.2 4.6 509
2015ANB 002 4.1 33.9 73.0 26.2 15.8 4.8 618
2015ANB 003 4.7 33.2 70.0 25.5 18.3 4.8 498
2015ANB 004 4.2 31.7 71.0 25.1 16.6 4.5 900
2015ANB 005 3.9 36.8 74.5 24.2 20.5 4.8 832
2015ANB 006 4.3 36.4 71.9 24.4 12.3 4.4 642
2015ANB 007 4.5 36.6 72.2 18.5 16.3 4.2 567
2015ANB 008 5.3 32.3 70.2 19.4 16.0 4.1 442
2015ANB 009 4.8 334 71.2 17.5 16.4 4.7 428
2015ANB 010 4.1 31.9 70.4 19.6 18.2 5.1 690
2015ANB 011 4.5 33.3 73.2 22.8 19.8 4.8 609
2015ANB 012 3.9 34.0 74.3 25.4 14.5 4.7 635
2015ANB 013 6.0 335 70.3 16.6 16.7 4.6 432
2015ANB 014 5.2 36.2 71.0 15.2 12.2 3.9 273
2015ANB 015 3.8 36.9 725 27.7 22.0 4.6 725
2015ANB 016 4.7 37.7 72.0 24.6 14.3 3.8 618
2015ANB 017 5.5 33.3 71.7 19.3 20.8 4.2 261
2015ANB 018 5.3 37.4 73.7 19.6 13.7 4.2 497
ADP47 6.3 32.1 70.7 16.4 6.5 3.6 151
ADP48 5.8 35.1 71.6 13.8 12.1 4.4 320
ADP54 5.6 35.8 714 19.2 12.0 5.1 158
ADP57 6.4 36.2 714 14.9 7.0 5.1 112
ADP93 5.5 35.8 69.9 16.5 9.0 4.5 180
LOCAL CHECK 4.5 32 69.3 20.5 21.0 5.0 496
RAB CHECK 4.7 30.8 70.7 26.1 25.6 4.3 801
P value <.001 <.001 0.023 <.001 <.001 0.207 <.001
%cv 18.88 6.24 3.38 24.31 40.05 17.13 50.38

Results where ADP lines were evaluated with locally bred materials in 2016, showed that they performed poorly for yield and other
agronomic traits (Table 5 and table 6). The best materials included 2015AN004, 2015AN012, 2015AN15, 2015AN011, 2015AN010,
2015AN005 with the mean yield ranging between 1083 and 1449 kg ha-1.

Table 5: Growth data of the five introduced genotypes and local inbred lines evaluated during advanced trials

Angular Ascochyta Bean Bean Common
leafon  Angular leaf Anthracnose . common bacterial Rust on
Genotypes leaves spot d I blight on . common blicht |
pot on pods  on leaves leaves mosaic MOSAIC Virus ight on eaves
spot Necrosis virus leaves
2015ANB 001 3.5 2.2 1.5 2.3 0.9 2.0 1.0 1.7
2015ANB 002 3.2 2.3 1.5 2.3 1.0 2.3 1.0 1.9
2015ANB 003 3.8 2.3 1.7 2.0 1.0 3.3 1.0 1.5
2015ANB 004 3.5 2.5 1.7 2.2 1 2.2 1.0 1.5
2015ANB 005 3.1 3.1 1.5 2.6 1.9 2.2 1.4 1.6
2015ANB 006 3.1 2.3 1.5 2.8 1.1 2.0 1.0 2.4
2015ANB 007 3.4 2.4 1.5 2.1 1.2 2.3 1.0 1.4
2015ANB 008 3.8 1.8 1.4 2.5 1.3 3.3 1.0 1.7
2015ANB 009 3.6 2.3 1.5 2.1 15 2.8 1.0 1.7
2015ANB 010 3.3 2.8 1.5 2.2 2.3 2.5 1.7 1.6
2015ANB 011 3.9 2.2 1.5 2.1 1.8 2.7 1.6 2.0
2015ANB 012 2.9 1.9 1.5 2.2 1.1 2.2 1.0 2.2
2015ANB 013 3.3 2.0 1.7 2.2 1.2 3.0 1.5 1.7
2015ANB 014 3.3 2.2 1.5 2.0 1.7 2.5 1.1 1.6
2015ANB 015 3.2 2.1 1.6 2.5 1.0 2.9 1.0 1.8
2015ANB 016 3.3 2.5 1.7 3.0 1.0 2.8 1.0 1.5
2015ANB 017 3.3 2.2 1.8 2.3 1.3 3.3 1.0 1.7
2015ANB 018 2.9 2.7 15 2.0 1.0 2.3 1.0 1.7
ADP47 3.3 2.9 2.1 2.1 1.0 5.4 2.3 2.9
ADP48 3.3 2.7 2.0 2.1 0.9 4.4 1.0 1.7
ADP54 3.4 2.7 2.2 2.4 1.2 4.4 1.4 3.3
ADP57 4.2 2.5 1.8 2.2 1.3 5.2 1.0 1.5
ADP93 3.5 3.3 1.7 2.0 15 4.2 1.0 1.8
LOCAL CHECK 4.2 3.2 1.8 2.7 2.5 6.3 1.0 2.0
RAB CHECK 4.3 2 1.7 2.2 1 3.0 1.0 1.5
P value 0.116 0.009 0.012 0.474 0.006 <.001 0.287 <.001
%cv 21.87 27.29 21.48 27.69 55.4 32.16 57.44 35.75
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Table 6: Mean yield of ADPs evaluated along with locally bred materials in 2016
SN | Entry Pedigree :g;e:]i_l
6 | 2015AN004 RWR 1668 X SMC 21 F3-1-3-1 1,449
17 | 2015AN012 KAB 06F2-8-27 X RWR 2076 (2) 1333
29 | 2015AN15 KAB 06F2-8-27 X RWR 2076(FM) 1041
16 | 2015AN011 RWR 1668 X SMC 21 F3-1-3-7 1191
15 | 2015AN010 RWR 2245 X RWR 2154 1,170
7 | 2015AN005 RWR 2154 X RWR 1668 F3-1-1-3 1,083
11 | RAB CHECK RWR 2245 1,076
10 | 2015AN007 RWR 2154X SMC 16 F3-2-2-8 1,057
2 | 2015AN002 RWR 2076 X KABO6F2-8- 27 1,031
4 | 2015AN003 RWR 2154X RWR 1668F3-1-1-3 1,027
14 | 2015AN009 RWR 2245 X RWR 2154 F 3-2-9 875
5| LOCAL CHECK | Mixture 821
1| 2015AN001 KAB 06F2-8-27 X RWR 2076 (1) 794
9 | 2015AN006 KAB 06F2-8-27 X RWR 2154 747
23 | 2015AN16 NUA 99 X RWR 2076 685
25 | 2015AN18 RWR 2076 X CAL 96 603
13 | 2015AN008 RWR 2245 X RWR 2154 F 3-2-9 594
21 | ADP48 Unknown 540
18 | 2015AN013 RWR 1668 X SMC 21 F3-1-3-15 521
8 | ADP54 Unknown 457
24 | 2015AN17 RWR 2154 X RWR 1668 F3-1-1-10 411
20 | 2015AN014 RWR 2245X RWR 2154F3-1-3-8 382
3 | ADP47 Msolini 345
19 | ADP93 Moro 281
12 | ADP57 Kijivu 170
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Lines Introduced from MSU

Among the 252 genotypes introduced from MSU, only 15 were found to be resistant (Table 7),
115 were tolerant (Appendix 1) and 122 were susceptible to Root rot disease complex (Appendix
2). However, yield data was not collected because two months later after planting, all plants were
completely destroyed due to various factors including bean fly, drought stress, poor soil fertility
and high soil acidity. Tables on tolerant and susceptible genotypes are attached as appendices.

Table 7: List of sixteen introduced bean varieties that were resistant to root rot disease
complex

Resistant (1)
RWR 2245 G11404 NE34-12-33 B11553
N11257 G11463 NABLG6 B11591
N12453 K11916 NABL 20 B11598
N12466 NE34-12-5 B11514 B11606

4. DISCUSSION
Preliminary trial results of ADPs lines

Seventy-six candidate lines were selected for future intermediate trials out of the 300 introduced
genotypes evaluated. Significant differences were observed between genotypes in terms of plant
vigor (P<0.001), pod efficiency (P=0.007) and yield (P<0.01) (Table 2a, b, c, d). The average
yield ranged from near zero for ADP114 to 1612 kg ha-1 for ADP282. Compared to the control
RWR 2245 (1076 kg ha-1), sixteen genotypes had higher yields. No significant difference
(P>0.05) was observed for Angular leaf spot, Anthracnose, Ascochyta blight and bean rust
disease. However, for BCMNV and BCMV there was significant difference (P< 0.05). Root rot
evaluation under field conditions was done at Rubona, where out of 76 entries evaluated in
2015B in 3 replications, the entries including ADP666, ADP103, ADP50, ADP44, ADPS,
ADP214, ADP52, ADP61, ADP54, ADP39, ADP57, ADP211 performed better with high
resistance than the rest of evaluated entries. At Akanyirandori, all evaluated lines were
susceptible to bean fly where the whole nursery was 100% destroyed. GEI is differential
phenotypic performance of genetically uniform genotypes across test environments. It occurs in
different crops including maize, cucumber (Mahendra et al., 2018), rice (Shilai Zhang et al.,
2017), maize (Li et al., 2018). Ali et al., (2003) reported that the phenotypic performance of a
genotype is not necessarily the same under diverse agroecological conditions. He reported also
that genotypes may perform well in particular environments, but may yield poorly in several
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other locations. Nazrul and Shaheb, (2016) reported that all the local French bean lines
performed better and produced higher seed yields compared to non-locally developed varieties.
The results in this study are in line with findings of Mukankusi (2008) who observed none of the
forty-four tested genotypes were resistance or immune to the root rot disease. Mukankusi et al.
(2010) reported the substantial variation in resistance to Fusarium root rot. Effects of differences
in the screening environment suggest the need to identify resistance in the predominant
environment from the targeted areas (Mukankusi et al., 2010). Significant differences among
tested varieties were observed elsewhere (Habte, 2018).

Among the 76 genotypes evaluated during intermediate trial, 5 genotypes were selected based on
yield performance for further evaluation in advanced yield trials. The selected genotypes are
ADP47, ADP-48, ADP53, ADP57 and ADP93 all having less yield compared to local check.
The present study is in agreement with Wahome (2011) who reported that multiple disease
resistant lines were not the highest yielders.

Only ADP48 was kept for its performance which is twice more than the other ADP lines but less
than locally developed lines. The best yielding materials including 2015AN004, 2015AN012,
2015AN15, 2015AN011, 2015AN010, 2015AN005 with the mean yield ranging between 1083
and 1449 kg ha-1. According to Frey (1964) a variety having wide or good adaptability is one
that consistently gives superior performance over several environments.

Wagara and Kimani (2007) reported that some of the nutrient rich bean varieties possess good
levels of resistance to diseases and their adoption would increase bean production and improve
human health (Wagara and Kimani, 2007). Availability of tolerant or resistant to bean root rot
diseases is of great importance in national breeding programs (Namayanja, 2015) since the
problem of declining soil fertility is on the increase in the Great Lakes region and consequently
will result in an outbreak of bean root rot diseases.

The observed complete destruction of some nurseries was due to various factors including bean
fly, drought stress, poor soil fertility and high soil acidity. Though considerable progress has
been made in bean improvement for root rot diseases, it is essential that the work continues.
Factors such as bean variety, cultivation method, planting date, previous crop, soil physical
characteristics, seasonal patterns and fertilizers use are associated with the occurrence of
Fusarium oxysporum in the soil (Naseria and Tabande, 2017). Yield losses due to diseases were
observed in other studies (Mongi et al., 2018) where significant decrease in yield and yield
related parameters was observed due to angular leaf spot disease with influence of the cultivar.
This is in agreement with Macedo et al. (2017) who reported that understanding disease risk in
an evolutionary context should support breeding and selection for resistance and strategies for
root rot management in common bean.
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5.CONCLUSION

The results support the superior performance of locally bred materials over the introduced lines.
The value of introduced lines such as the ADP panel is to identify individuals with specific traits
of economic value that might be lacking in local lines. The identification of 16 lines with
resistance to local isolates of root rot provides breeders with the needed genetic variability to
introduce resistance into locally adapted lines. The overall disappointing performance of the
ADRP lines is not a surprise as these represent varieties and landraces from other continents and
production areas that are not adapted to local conditions in Rwanda but again may possess
valuable traits that could be exploited in local breeding programs. Understanding disease risk in
an evolutionary context should support breeding and selection for resistance and strategies for
root rot management in common bean. Breeding for bean fly the availability of resistant
genotypes among the tested materials with resistant or immunity to the root rot diseases are the
issues that should be given attention in a national breeding program. Identification of resistance
in the predominant environment from the targeted areas is of great importance. Though the
majority of introduced lines performed poorly compared to the rest of tested entries some of the
nutrient rich bean varieties including 2015AN004, 2015AN012, 2015AN15, 2015ANO011,
2015AN010, and 2015AN005 possessed good levels of resistance to diseases and their adoption
in different agro ecological zones of the country would increase bean production and improve
human health in Rwanda.
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Appendix1: List of introduced bean varieties that were tolerant to root rot disease

Tolerant (2-3)
C12911 G05922 B11550 B11613
N11277 G09303 B11556 B11614
N11238 K11914 B11558 B11615
N11298 K11917 B11562 B11617
N11256 NE34-12-1 B11563 B11618
N11251 NE34-12-2 B11564 B11619
N11225 NE34-12-3 B11571 B11621
N12468 NE34-12-4 B11572 MIB 465
N12442 NE34-12-26  NE34-12-13 B11519
N12447 NE34-12-27  NE34-12-36 B11522
N12441 K131 NE34-12-37 B11523
NE34-12-7 1920020 B11585 B11524
NE34-12-8 RAA B11587 B11525
NE34-12-9 NE34-12-49  B11588 B11526
NE34-12-10 NE34-12-23  B11589 B11509
N11228 NE34-12-48  B11590 B11510
N12461 ACC110149 B11592 B11511
N12458 ACC108268 B11593 B11516
N12456 ACC101212 B11594 B11502
N12446 NE34-12-6 B11595 B11503
N12454 B11567 B11596 B11504
N12440 B11568 B11597 B11513
G 111466 B11527 B11599 NE34-12-47
G11464 B11528 B11600 NE34-12-39
G11420 B11529 B11601 NE34-12-32
G12508 B11530 B11604 NE34-12-29
G12901 B11531 B11609 NE34-12-15
G12902 B11541 B11610 ACC11272/10,PR1147-6
G12904 B11549 B11612
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Appendix 2: List of introduced bean varieties that were susceptible root rot disease

Susceptible (4-5)

S11703
P0O7863
PO9425
P12610

P11506
P12603

P08161
C11260
C11273
C06808
C1266
C99833
P04205
K131
512910
508418
500809
NABEZ20
G11431
K90909
R11608
R19633
R11604
R12859
R12832
R98026
111271
3G11464
RWR 719
N11284
N11230

N11226
1089580
MBC29685
112310

1089020
K11939

K11915
K11918
G12903
GO 8254
G93414
K11919
K08961
K12803
K1280
K11926
K12801
K12805
K12811
K12807
K12802
K12866
ACC611625

ACC82054/10,PUEBLA
ACCB804554/10

NE34-12-17
NE34-12-18
NE34-12-21
NE34-12-22
NE34-12-24
NE34-12-25

N12467
Awash Melk
N084-12-39
INE 34-12-
42

E 34-12-50
ACC109
1291
RL2550me

NE34-12-10
NE34-12-12
NE34-12-34
NE34-12-35
B11532
B11534
B11535
B11536
B11539
B11542
B11543
B11544
B11545
B11547
B11548
B11552
B11554
B11555
B11557
B11559
B11569
B11570
B11573
B11574

NE34-12-45
NE34-12-46
B11575
B11576

B11578
B11579

B11581
B11582
B11584
B11603
B11616
B11620
B11622
B11623
B11624
NABE2
B11565
B11566
B11517
B11518
B11515
B11512
B11505
NE34-12-38
NE34-12-31
NE34-12-30
NE34-12-28
NE34-12-14
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