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Abstract

Fusarium redolens, a virulent fungus which causes damping off, leaf yellow-
ing, wilting and root rots has recently been devastating cowpea fields in
Uganda. This study aimed at identifying cowpea genotypes that are resistant
to Fusarium redolens. Therefore, ninety cowpea genotypes were evaluated two
times against a highly virulent Fusarium redolens (isolate from Zombo in
Paidha district) in the screen house in 2016. Genotype effect was highly sig-
nificant (P < 0.001) for root rot severity. Based on the Index of Susceptibility
(IS), three genotypes (Asontem, Danl LA and IT89KD-88) remained resistant
(IS < 3.5) over the two screening periods, 72 moderately resistant (3.5 < IS <
6.5) and 11 susceptible (IS = 6.5). Resistance was found to be enhanced by
presence of lateral roots above or at the ground level. Further results sug-
gested a difference in genetic control of resistance to root rots and seed rots
caused by Fusarium redolens. All the released varieties tested (SECOW 1 T,
SECOW 2 W, SECOW 3 B, SECOW 4 W and SECOW 5 T) had moderate re-
sistance to Fusarium redolens. Correlation analysis revealed root rot severity
was strongly correlated to disease incidence (+0.64, P < 0.001), to proportion
of plants with lateral roots (—0.56, P < 0.001), to amount of leaf chlorophyll
(-0.53, P < 0.001) and to proportion of plants that died prematurely due to
Fusarium redolens infection (+0.45, P < 0.001). No significant correlation was
detected between root rot severity and proportion of plants that germinated.
The established resistance could be exploited for improvement of farmer pre-
ferred cowpea varieties towards Fusarium redolens resistance in Uganda.
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1. Introduction

Cowpea is the most important legume in the Eastern and Northern region of
Uganda where both its leaves and grains are used as food [1]. Cowpea’s hardy
nature against moisture stress and varying pH has enabled it to thrive in the
drier regions of sub-Saharan Africa allowing resource poor farmers to reap both
financial and nutritional benefits from it [2] [3] [4]. Its high protein content
makes it an important source of protein in human and animal nutrition in the
sub-Saharan region of Africa [4]. Moreover, cowpea’s nitrogen fixing ability is
highly valuable when rotated or intercropped with other crops [5].

Cultivation of cowpea in Uganda is constrained by many factors, among them
cowpea root rots. These root rots are caused by a complex of pathogens includ-
ing Fusarium redolens, F. cuneirostrum, F. oxysporum and Fusarium solani.
Management of root rots is done following an integrated approach employing
genetic resistance, cultural practices and chemical application [6] [7] [8]. While
there are no known varieties resistant to cowpea root rots, fungicide application
is associated with negative environmental, economic and health concerns that
cannot be ignored [8]. Therefore, genetic resistance is the most sustainable
strategy for managing root rots.

Root rot pathogens are known to be synergistic to one another [6] [9] [10]; the
more pathogens are involved in the complex, the more damage that is caused to
the crop [9]. Genetic resistance to any one component pathogen in the complex
reduces the damage caused to the crop. Therefore, breeding for resistance to any
one or more fungal species in the complex causing cowpea root rot in Uganda
will contribute greatly towards managing this disease. To successfully breed for
host resistance, there is need to identify resistant materials to be used as parents.
This study therefore aimed at screening cowpea genotypes against Fusarium re-
dolens, a root rot causing pathogen that was found to be the most devastative to
cowpea in greenhouse condition [11]. The resistant genotypes identified should
be used by breeders to introgress resistance into other improved or preferred

landraces that might be desirable but susceptible to root rots.

2. Materials and Methods
2.1. Plant Materials Used in the Study

A total of ninety cowpea genotypes were evaluated for resistance to F. redolens.
These included landraces (58), crosses (11), cultivars (5), breeding lines from
IITA-Uganda (7) and exotic materials (9). The exotic genotypes were obtained
from Ghana and Nigeria (Table 1).

2.2. Description of the Site

This study was conducted at Makerere University Agricultural Research Institute,
Kabanyolo (MUARIK), located in Wakiso district 25 km north of Kampala
(32°37'E, 0°28'N) and at 1200 m above sea level. Day length at MUARIK is 12
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Table 1. Description of Cowpea genotypes used in the study.

Uganda

Exotic Released IITA

Crosses Ugandan Collections

Asetenapa'  Secow I T IT 109  Ebalat x NE 39 2392 NE37 NE67 WC44
Asomdwee' Secow2 W IT 2841 B Ebalat x NE 51 182 NE39 NE70 WC48A
Asontem!  Secow 4 W IT 71 NE 39 x SEC2 2434 NE4 NE71 WC5
Dan 1LA?  Secow 5T IT 84 NE39xSEC4 KVU27-1 NE40 WCI16 WC52

Videza' Secow 3 B IT 889 NE 51 x SEC 4 MU15 NE44 WC63 WC55

IT96D-610? IT 91 SEC1xSEC4 MU17 NE45 WC17 WCI18
IT98K-205-82 1T 97 SEC5 x NE 51 MU19 NE46 WC2 WCo4
IT89KD-2882 SEC5xSEC1 MU20B NE48 WC26 WC66

1T97K499* SEC5xSEC2 MU24C NE18 WC27 WC67

SEC 5 x NE 39 MU 9 NE5 WC29 WC67A

WC 32 x SEC5 NE 23 NE50 WC30 WC68

NE 30 NE51 WC35A WC69

NE 31 NE53 WC36 WC38

NE 32 NE55 WC41

NE 36 NE6 NE21

IITA = International Institute of Tropical Agriculture; NE = North eastern Uganda; WC = West and Cen-
tral Uganda and MU = Makerere University. 'Ghanaian material; *Nigerian material.

hours throughout the year and the daily temperatures range from 17°C to 33°C.
The region receives an average annual rainfall of 1200 mm. The screen house
environment was modified by constructing a chamber inside the screen house
with a transparent polyethene sheet which increased the humidity and the tem-

perature to provide conducive environment for pathogen multiplication.

2.3. Multiplication of Inoculum in the Soil

Paidha 19, a Fusarium redolens isolate was used to screen materials in this study.
Inoculum was multiplied at the International Centre for Tropical Agriculture
(CIAT) laboratory at Kawanda, Uganda. A modification of the method descri-
bed by [7] was used. Two flasks (500 ml capacity) of inoculated millet were add-
ed and mixed thoroughly with pre-sterilized soil (3:1-loam:sand) in each of the
six trays (1.5 m long, 0.1 m wide and 0.13 m high). The trays were covered with
dark polythene sheet for a week to raise the soil temperature and provide condu-
cive environment for pathogen multiplication in the soil. Seeds of a susceptible
line (WC 66) were surface sterilized and planted in each tray for 28 days after
which they were uprooted. This was repeated three times to ensure the trays had
adequate inoculum. During the crop cycles, the trays were watered four days per

week as described by [12]. After each cycle, the soil was removed from the trays
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and mixed thoroughly then redistributed equally before the test genotypes were
planted.

2.4. Screening of Cowpea Genotypes for Resistance to F. redolens
Isolate

The seed samples of the genotypes (90 cowpea genotypes) were surface sterilized
to remove surface contaminants and planted in the six wooden trays containing
soil with mature F. redolens inoculum. Planting was done following an alpha lat-
tice design of 6 blocks x 15 genotypes with two and three replications for first
and second trial respectively. It was designed in such a way that there were two
blocks per tray with fifteen rows of the test genotypes per block. Each row had
15 plants per genotype in the first trial and 7 plants per genotype in the second
trial. The trays were placed on raised benches in the screen house and watered
four days per week as described by [12].

2.5. Data Collection

First reaction to disease was assessed by counting the number of germinated
plants per genotype 6 days after planting (DAP) and recording it as a percentage
of the total seeds planted per genotype. This was used as a measure of F. redo-
lens induced seed rot in each genotype. This was then followed by assessment of
chlorophyll content using Photosynq [Soil Plant Analysis Development 3 (SP-
AD 3)] to determine the level of leaf chlorosis observed for each genotype [13]
[14] 27 DAP. On the 28" DAP, dead plants were counted per genotype and rec-
orded as percentage of the total plants that died. Finally, on the 29™ DAP the
plants were carefully uprooted and below-ground parts of the plant (roots and
hypocotyls) washed under running tap water and examined visually for root rot
symptoms. Disease incidence was then recorded by counting the symptomatic
plants while root rot severity was scored according to the C1AT 1 - 9 scale [15].
Figure 1 represents the different classification of the root rots as observed. Per-
centage of plants that developed lateral roots at or above the ground level were

also recorded.

2.6. Data Analysis

The data collected on the reaction of the cowpea genotypes to the pathogen were
subjected to Restricted Maximum Likelihood (ReML) analysis in Genstat 12th
edition, to detect any significant genotype effect on reaction to F. redolens. Li-
near mixed model was used in the analysis with genotypes as fixed factors while
replication and blocks were random factors Equation (1). Genotype means were
separated using Fisher’s Protected Least Significant Difference (LSD) at signi-
ficance level tested at P < 0.05 [16].

Yija =U+S; + r/sji +b/rkj +0, + 08y + €y (1)

where y,,, = observed value from each experimental unit, u = general mean,
s; = effect of the i trial, r/s; = Effect of J* replication within i trial, b/x,;
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Figure 1. Photographic representation of the scale used to score root rot severity.

= effect of the & block confounded in the /* replication, g, = effect of the /"
genotype, gs; = effect of the / genotype interacting with the i trial and Biik
=the experimental error.

Correlation analysis of predicted means was performed in GENSTAT 12" edi-
tion between root rot severity, disease incidence, percentage of plants with later-
al roots, percentage of plants that died, leaf chlorophyll level and percentage of
plants that germinated to determine if there was a significant relationship be-
tween the traits at P < 0.05.

The index of susceptibility (ZS) was developed in Genstat 12" edition through
multiple regression of five variables with root rot severity as the response variate
and percentage lateral roots, disease incidence, amount of chlorophyll and per-

centage of dead plants as the explanatory variates Equation (2).

IS = constant + LR(%)+ DI (%) +CHL + DP (%) (2)

where, IS = index of selection, LR = lateral roots, DI = disease incidence, CHL =
chlorophyll and DP = dead plants.

3. Results

3.1. Response of Ninety Cowpea Genotypes to F. redolens across
Two Trials during 2016

Across trials results showed high significant differences in the mean perfor-
mance of the genotypes when challenged with Fusarium redolens (Table 2).
Genotype effects were significant (P < 0.001) for percentage of plants that ger-
minated, disease incidence, percentage lateral roots, amount of leaf chlorophyll
and root rot severity. However, the genotype effect for percentage of plants that
died as a result of the disease was non-significant at P = 0.05. The interactive ef-
fect of genotype by trial was highly significant (P < 0.001) for percentage plant
that germinated and level of leaf chlorophyll. Root rot severity, number of plants
with lateral roots, disease incidence and percentage dead plants had no signifi-
cant interaction with trial at P = 0.05. The resistant genotypes were observed to
be distinctly different from the susceptible ones. These differences were mainly

noticed in plant vigour, leaf chlorophyll and stunting (Figure 2).
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Table 2. Mean of squares of different parameters of cowpea genotypes across first and
second trials in 2016.

Source of Germination Dead Lateral Disease  Root rot
. D.F Chlorophyll . .
Variation (%) plants (%) roots (%) Incidence severity
Trial 1 115389.25* 383.1 ns 5974.5% 69706.75* 100.18 ns 0.25 ns
Rep/Trial 3 3434 8%+ 1055.18%** 561.1 ns 3352.6 ** 595.6** 0.34 ns
Genotype 89 2175.25%%* 51.15%%* 481 ns 2180.75%%%  365.7%%* 4.77%*
G
CNOPEX g9 gp5.geer 19.67*  4535ns  8175ns  38525ns  L1lns
Trial
Error 217 233.31 11.26 340.61 641.44 103.42 0.90
S.E.D. 27.21 3.97 19.05 25.57 5.55 0.95
CV (%) 22.93 11.07 244.65 36.57 10.45 17.08

*, #%, PP = significance at alpha 0.05, 0.01 and 0.001 respectively while ns = not significant.

Figure 2. Resistant vs susceptible genotypes to F. redolens.

3.2. Mean Performance of Cowpea Genotypes in Relation to
Selected Parameters against F. redolens Infection during
the First and Second Trials

Based on the Index of Susceptibility a clear difference was observed in the dis-
tribution of the various genotypes among the various resistant/susceptible clas-
ses across the two trials (Table 3 and Figure 3). More genotypes were placed in
resistant and intermediate classes compared to the susceptible classes in trial one
when compared to the second trial. The genotypes were normally distributed
across resistant/susceptible classes indicating genetic variability within the tested
material though the class of moderately resistant genotypes was preponderant

(Figure 3).
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Table 3. Mean performance of selected cowpea genotypes in response to F. redolens infection across two trials.

Germination Chlorophyll Dead plants Lateral roots Disease Root rot

Genotypes (%) Amount (%) (%) Incidence Severity IS Reaction

ASONTEM 94.28 41.60 0.19 91.50 46.96 2.04 1.75 R
IT89KD-288 56.07 39.28 0.03 90.53 60.25 2.80 2.60 R
Dan ILA 50.64 38.60 0.89 100.00 64.94 2.65 2.69 R
SECOW 3 B 86.63 32.11 4.31 83.10 93.46 4.60 4.95 I
NE 70 41.86 33.54 0.51 76.17 100.00 3.25 5.33 1
SECOWS5 T 81.92 27.93 9.20 93.00 99.97 5.26 5.36 I
NE6 77.69 29.85 20.15 90.40 99.99 5.21 5.44 I
SECOW1 T 92.81 28.88 7.88 81.59 100.00 5.78 5.53 I
SECOW2 W 60.93 26.63 0.00 78.59 100.01 5.91 5.62 I
NE 50 74.11 28.97 1.16 60.62 100.00 5.98 5.89 1
SECOW 4 W 47.75 31.59 16.23 56.89 100.00 6.35 6.00 I
MU 24C 43.04 31.90 24.69 37.45 100.00 6.83 6.49 S
KVU27-1 79.91 27.95 5.20 29.26 99.99 6.99 6.63 S
1T98K-205-8 34.54 32.05 54.23 46.02 100.00 6.32 6.64 S
182 55.09 30.11 24.48 33.30 100.00 5.96 6.66 S
MU 9 85.58 28.07 24.11 36.84 99.99 6.96 6.68 S
WC 26 48.78 25.41 23.32 34.71 100.00 6.32 6.85 S
WC 69 79.61 25.93 33.14 36.57 100.00 6.34 6.90 S
ASETENAPA 51.31 27.27 24.73 24.63 98.85 7.25 6.92 S
WC 66 89.23 26.36 16.08 2391 99.97 7.62 6.94 S
IT 889 78.24 28.04 20.70 20.19 99.97 7.18 6.99 S
NE 4 63.22 28.87 41.40 24.87 99.95 7.47 7.08 S

GM 69.43 30.40 7.47 69.68 96.96 5.54 5.54

CV (%) 24.50 10.75 132.13 30.16 9.27 18.32 16.42

LSD (P = 0.05) 41.81 7.83 37.54 50.44 10.95 1.87 0.82

R = resistant; /= intermediate and § = susceptible: First trial n = 90: second trial n = 86: trials 1, 2 and complete across trials predicted means table is avail-
able in Tables A1-A3 respectively; Resistant vs susceptible classification was based on index of susceptibility.

Moreover, a total of 3 genotypes (ASONTEM, Dan 1LA and IT89KD-288)
were resistant (/S5 < 3.5) to F. redolens, 72 had intermediate resistance (3.5 < IS <
6.5) and 11 were susceptible (/S > 6.5) across the two trials (Figure 3). ASO-
NTEM had the highest resistance with an index of susceptibility of 1.75 while
NE 4 was the most susceptible (7.08). Released cultivars; SECOW 3 B (4.95),
SECOW 5 T (5.36), SECOW 1 T (5.53) SECOW 2 W (5.62) and SECOW 4 W
(6.00) had intermediate resistance to F. redolens (Table 3).

3.3. Correlation of Parameters Used to Evaluate the Genotypes
against F. redolens Infection to Determine the Relationship
between the Parameters

Correlations analysis of the variables (Table 4) displayed strong significant cor-
relation of root rot severity to disease incidence (+0.64, P < 0.001), to percentage
lateral roots (—0.56, P < 0.001), to amount of leaf chlorophyll (-0.53, P < 0.001)
and to percentage dead plants (+45 < P < 0.001). However, percentage
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Figure 3. Distribution of number of screened genotypes in the resistant/susceptible cla-
sses in the two screening trials.

Table 4. Correlation of evaluated parameters across the two trials.

Rootrot  Disease Lateral Chlorophyll Dead plants Germination
Parameters

severity  incidence roots (%) content (%) (%)
Root rot severity 1
Di

scase 0.64%* 1

incidence
Lateral roots (%) —0.56*** —0.19** 1

Chlorophyll —0.53%%*  —0.50%** 0.16 * 1

Dead plants (%)  0.45%** 0.13 ns —0.47%%* —0.08 ns 1
Germination (%) -0.08ns  —0.03 ns 0.34*** —0.27%%¢ —0.30%*+* 1

*, ®*, ¥ = significance at alpha 0.05, 0.01 and 0.001 respectively while ns = not significant.

germination had a negative but non-significant correlation to root rot severity
and disease incidence but strongly significant correlation (-0.30, P < 0.001) to
percentage dead plants. The percentage lateral roots had significant but weak
correlation (+0.16, P < 0.05) to leaf chlorophyll, strongly significant correlation
(-0.47, P < 0.001) to percentage dead plants and strongly significant correlation
to percentage germination (+0.34, P < 0.001). In addition, amount of chlorophyll
in the leaf had a negative and non-significant correlation to percentage dead
plants and a strongly significant correlation (-0.27, P < 0.001) to percentage
germination. On the other hand, percentage germination showed strong and

significant correlation to percentage dead plants (-0.30, P < 0.001).

4. Discussion

In the two screening trials of cowpea genotypes to identify resistance to Fusa-
rium redolens root rot, varying levels of symptoms were developed within the
first two weeks after planting. These symptoms consisted of seed rot, damping
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off, leaf yellowing, root rots and premature senescence. The root rot caused by
Fusarium redolens gradually increased from 14 days after planting.

In this study, the results showed highly significant effect (P < 0.001) of cowpea
genotypes reaction to F. redolens root rots across the two trials. A factor attri-
buted to the presence of a considerable genetic diversity among the genotypes
used. Genotypes by trial interaction was non-significant for percentage of dead
plants, percentage lateral roots, disease incidence and root rot severity which
implied that the genotypes performance in relation to these parameters was con-
sistent from one trial to the next. Therefore, the expression of these traits were
more independent of environmental influence and performance of the genotypes
in one trial could be used to predict their performance in the other trials. Con-
trastingly, genotype by trial interaction for percentage germination and amount
of chlorophyll were highly significant indicating the performance of the geno-
types for these parameters were influenced by the environmental conditions.
The expression of resistance to diseases results from the plant genetic makeup
and the influence of the environment in which the plant is grown [17]. Plants
that have been stressed by poor unfavourable growth conditions tend to be in-
fected easily by Fusarium spp. [18]. In this study, modification of the environ-
ment as outlined by [6] ensured fast multiplication of the pathogen in the soil
hence high initial inoculum which was essential for the high infection observed.
The final levels of root rot severity observed was dependent on susceptibili-
ty/resistance of the genotypes, the environmental condition and the virulence
levels of F. redolens isolate. The artificial environment created implies the geno-
types that did not succumb to the infection had were resistant. Low soil fertility
due to poor land management practices is a common factor that creates stress
conditions to crops thus weakening them and increasing their susceptibility [6].
More so, infected soil debris are usually ploughed back into the soil therefore
ensuring the inoculum is maintained. Both conditions were achieved in this ex-
periment by using sterile soil without adding any nutrient for all the subsequent
planting and ploughing the crop debris back in the soil.

Evaluation of resistance/susceptibility to Fusarium root rot has majorly been
done by targeting a single trait (root rot severity). However, in this study, five
susceptibility traits were cumulatively used to determine the resistance of the
various genotypes to F. redolens. This is because resistance to root rot is com-
plex response by the plant to the pathogen and which does not just depend on
the root alone but other traits that come into play. Indeed [19] [20] documented
the impact of more lateral roots and chlorophyll respectively in enhancing plant
resistance to diseases. Thus emphasising the need to include such traits in the
overall evaluation of resistance/susceptibility of the plant. Results from Index of
Susceptibility (IS) across the two trials showed that 3 genotypes (ASONTEM,
Dan 1LA and IT89KD-288) were resistant (/S < 3.5) to root rots, 72 genotypes
moderately resistant (3.5 < IS < 6.5) and 11 were susceptible (/S = 6.5). This
outcome suggested that sources of resistance exist and can therefore be intro-

gressed into susceptible genotypes especially in farmer preferred varieties. How-
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ever, most of the resistance was observed from exotic genotypes. All Ugandan
released varieties were moderately resistant to the pathogen. Noticeably, WC 67
A and WC 27 (Appendix) performed well compared to other local germplasm
implying presence of some resistance to F. redolens in the landrace cowpea of
Uganda. Despite the resistance of some of the genotypes to F. redolens, none of
the genotypes was immune to the pathogens as indicated by the recorded inci-
dence.

Several symptoms have been reported to be associated with Fusarium root rot
of cowpea. From farmer field observations [11] and earlier studies [21], F. redo-
lens was observed causing seed rot leading to low germination, leaf yellowing,
root rots and plant senescence in grain legumes. Similar symptoms were con-
firmed during screen house evaluation in this study thus corroborating the
findings of [21]. To understand this relationship, this study investigated a num-
ber of symptoms in relation to infection by F. redolens. These symptoms in-
cluded seed rot, leaf chlorosis, lateral root formation, and plant death. A clear
understanding of the reaction of germplasm after infection with F. redolens is
important in providing an insight of the host pathogen relationship to facilitate
effort for breeding for resistance.

Pathogenic Fusarium spp. have been known to cause reduction in seed ger-
mination potential [22]. In this study, a highly significant variation (P < 0.001)
in the genotypes percentage germination was observed across the two trials. This
revealed that individual genotypes had varying germination potential when
challenged with the pathogen. In addition, there was high significant genotype
by trial interaction in percentage germination which underlines that the envi-
ronmental variations do influence the seed germination. For instance, the cold
period experience in the first week of the second trial delayed germination thus
extending the exposure time of the seed to the pathogen. Consequently, four
genotypes failed to germinate. Similarly, [23] observed that seed-coat traits whi-
ch restrict entry of fungi are influence by environmental changes. They further
stated that prolonged exposure of the seeds to the pathogen due to cold induced
dormancy increases the chance of infection. Furthermore, [24], study on cowpea
seed-coat revealed that seeds with rough texture have thin seed-coat compared
to smooth walled seeds. This factor could have influenced susceptibility of Dan
1LA to seed rot despite its resistance to root rot. Contrary to the expectation,
there seemed to be a very low negative and non-significant correlation between
root rot severity and percentage of plants that germinated. Thus, some of the re-
sistant lines (e.g. Dan 1LA-50.64%) had high seed rot while susceptible lines (e.g.
WC 66% - 89.23%) had very low seed rot. More so, WC 44 recorded the highest
resistance to seed rot (100% germination) across the two trials despite its inter-
mediate resistance to root rot (4.96). In the second trial, the cross WC 32 x
SECOW 5 failed to germinate due to seed rot despite its high resistance to root
rot in the first trial. This suggested that resistance to seed rots due to F. redolens
are controlled differently from resistance to root rots. Previous studies have in-

deed established that Fusarium related seed rots are highly influenced by the
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structure of the natural openings in the seed-coat which restrict or allow entry of
the pathogen [23]. Applicability of this to cowpea is however yet to be estab-
lished.

Leaf yellowing (chlorosis) is one of the main symptoms of F. redolens [21]. In
this study, resistant plants remained relatively green thus retaining high chloro-
phyll in their leaves and stalks while susceptible plants turned yellow. There was
a highly significant difference (P < 0.001) among the genotypes for chlorophyll
content across the two trials. However, the genotypes were not consistent in
chlorosis observed as a response to the pathogen across the two trials as shown
by the high significant (P < 0.001) genotype by trial interaction. This could be
due to infestation of mites in the second trial that might have influence the ob-
served chlorosis. Correlation analysis of root rot severity with leaf chlorophyll
content showed a highly significant (P < 0.001) negative correlation thus con-
firming that chlorosis can be used to infer to the presence of the pathogen [21].

Results from this study revealed that the genotypes had significantly different
(P <0.001) ability to produce lateral roots. Besides, there was a highly significant
(P < 0.001) negative correlation between root rot severity and percentage of
plants that produced lateral roots per genotype suggesting that genotypes with
ability to produce lateral roots showed more resistance to F. redolens. The same
genotypes with lateral roots producing ability seemed to have better survival me-
chanism even when infected. Previous studies have suggested that lateral roots are
produced as a survival mechanism response to Fusarium infection [19]. Similar
results were observed in this experiment when the base of the stem was completely
cut by the root rot and the genotypes could still produce lateral roots which sus-
tained them. In fact, some genotypes developed single lateral roots that were al-
most as strong as the tap root and would produce more lateral roots from them to
sustain the plants. Indeed, [19] in their study confirmed that production of lateral
roots do compensate for the function of the other infected roots.

According to [25], Fusarium root rots have the ability to cause plant mortality
and this was also observed in the present study in susceptible plants. Indeed, a
positive and significant correlation was observed between root rot severity and
dead plants. This substantiated that the deaths observed resulted from the pa-
thogen infection. Though there was no statistical significant difference in the
variation of percentage of plants that died across the genotypes, plants were ob-
served to die prematurely as from 14 days after planting especially in the sus-

ceptible lines.

5. Conclusions and Recommendation

The study showed that there were resistant genotypes against F. redolens in
Uganda. Three genotypes (ASONTEM, Dan 1LA and IT89KD-288) were resis-
tant to F. redolens). The released cultivars evaluated (SECOW 2 W, SECOW 3 B,
SECOW 4 W, SECOW 5 T and SECOW 1 T) were all moderately resistant to
Fusarium redolens. Resistance in these varieties can be improved through bre-

eding (both forward and back crosses) in order to ensure that qualities for which
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they were selected are retained. The study also showed that cowpea genotypes
that produced lateral roots above or at the ground level were more resistant to F.
redolens. In addition, the study has shown that resistance to Fusarium root rots
and Fusarium seed rots may be conferred by separate genetic responses in cowpea.
This makes seed from some F. redolens root rot resistant lines to succumb to rot.

Field evaluation studies are recommended as it is essential to evaluate the sta-
bility of this resistance in varying environments especially under severe stresses
to avoid disease escapes. The landraces WC 67 A and WC 27 had relatively low
IS thus they can easily be accepted for release if tested in for stability and adap-
tability to other agronomic traits.
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Appendix
Table A1l. First trial means of 90 genotypes for the six susceptibility traits to F. redolens.
Genotypes Germination Chlorophyll Dead plants Lateral roots  Disease Root rot Is Reaction
(%) Amount (%) (%) Incidence Severity

Dan ILA 94.16 37.15 1.61 100.00 31.43 1.99 1.42 R

ASONTEM 100.00 42.36 0.00 99.92 64.29 2.14 2.72 R

WC32 x SECOW 5 49.16 35.98 1.61 100.00 62.50 3.25 3.05 R

IT89KD-288 5191 39.82 0.00 98.67 70.00 3.10 3.18 R

EBELAT x NE 39 100.00 37.61 0.00 60.73 67.86 3.98 3.80 1

WC 52 82.47 36.38 0.00 100.00 81.67 3.73 3.96 I

WC67 A 52.99 32.96 0.93 94.60 83.33 4.17 4.35 I

1T 97 95.07 37.18 0.00 100.00 92.86 4.93 4.47 I

WC 27 87.59 31.62 0.00 100.00 87.50 3.92 4.54 I

WC 36 89.31 33.63 0.00 97.81 90.00 4.06 4.58 1

NE 39 93.65 32.03 0.77 100.00 91.67 3.86 4.74 1

NE 71 77.83 34.65 1.57 73.23 91.67 4.33 5.01 1

NE 21 88.70 35.01 0.93 94.60 100.00 4.83 5.06 1

I1T96D-610 97.83 35.43 0.84 92.14 100.00 5.71 5.07 I

NE 70 49.95 33.23 1.36 100.00 100.00 3.17 5.10 I

NE 51 95.07 34.23 5.91 100.00 100.00 5.17 5.12 I

2392 67.20 32.92 2.05 100.00 100.00 4.20 5.13 I

NE 31 84.54 32.90 0.00 95.24 100.00 6.94 5.17 1

NE 48 67.20 32.03 2.05 100.00 100.00 6.17 5.18 1

1T97K499 99.26 35.68 1.57 83.95 100.00 4.57 5.20 1

WC 18 34.32 34.66 13.87 100.00 100.00 6.00 5.24 1

WC29 97.07 30.98 2.18 100.00 100.00 5.71 5.25 I

NE 44 90.82 32.86 8.59 100.00 100.00 5.17 5.25 I

WC48 A 73.92 31.73 0.00 90.72 100.00 6.33 5.31 I

MU 17 86.22 32.20 5.10 93.18 100.00 5.50 5.34 I

SECOW 5 x NE 39 20.36 31.58 1.72 90.89 100.00 5.50 5.35 1

SECOW 5 x NE 51 100.00 35.21 22.20 100.00 100.00 4.46 5.35 1

SECOW 3 B 85.51 32.05 0.00 86.39 100.00 4.20 5.36 1

WC 63 51.05 29.43 2.24 98.77 100.00 4.75 5.37 1

NES5 79.08 32.92 5.10 87.23 100.00 5.07 5.38 I

IT 109 100.00 28.26 0.77 100.00 100.00 6.86 5.39 I

SECOW 5 x SECOW 2 79.39 30.14 0.00 91.59 100.00 6.27 5.39 I

WC5 51.88 31.48 0.00 83.05 100.00 6.00 5.44 I

1T98K-205-8 63.52 34.62 10.49 82.85 100.00 5.25 5.44 1

SEC 1 x SEC4 92.99 29.18 0.00 90.99 100.00 6.12 5.46 1

NE6 100.00 29.80 5.39 93.76 100.00 5.57 5.48 1

NE 37 87.04 26.45 0.00 100.00 100.00 5.33 5.49 1

NE 39 x SECOW 2 73.09 33.36 8.53 80.98 100.00 6.00 5.52 I

SECOWS5T 96.20 26.04 0.00 100.00 100.00 4.86 5.52 I

MU 20 B 97.07 30.76 2.18 60.33 92.86 5.57 5.52 I

NE 40 47.76 32.38 11.97 87.83 100.00 6.70 5.53 I

WC 55 92.01 28.01 8.76 101.04 100.00 5.75 5.54 I

WC 30 89.93 28.88 2.18 88.90 100.00 5.60 5.55 1

NE 32 96.20 25.43 0.00 100.00 100.00 5.57 5.56 1

NE 18 97.15 29.78 8.20 90.36 100.00 4.74 5.59 1

WC 16 92.09 28.20 7.63 95.35 100.00 5.50 5.60 I
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MU 24 C 72.78 31.45 1.01 73.23 100.00 5.60 5.62 I
SECOW 5 x SECOW 1 79.08 25.63 0.00 94.37 100.00 5.21 5.63 I
NE 45 80.23 25.61 0.00 93.48 100.00 5.97 5.65 I
NE 46 86.19 26.78 0.00 88.17 100.00 6.67 5.66 I
NE 39 x SEC 4 90.00 30.87 9.39 82.02 100.00 4.86 5.67 1
NE 36 100.00 27.71 0.00 83.52 100.00 6.00 5.67 1
IT 2841 BROWN 77.06 29.05 0.00 72.30 100.00 5.37 5.76 I
WC41 84.57 27.34 2.85 82.30 100.00 6.40 5.76 I
WC 68 100.00 26.70 12.30 94.11 100.00 6.69 5.79 I
NE 67 77.43 25.37 2.85 86.58 100.00 6.07 5.82 I
SECOW 4 W 69.19 31.11 18.63 81.16 100.00 6.00 5.84 I
NE 50 100.00 26.94 0.00 75.84 100.00 6.14 5.84 1
SECOW 2 W 75.32 24.85 7.52 92.26 100.00 6.60 5.85 I
WC 44 100.00 25.15 0.00 82.16 100.00 5.00 5.85 1
NE 23 97.83 24.63 0.84 85.00 100.00 6.71 5.85 I
WC38 100.00 26.12 0.00 77.24 100.00 5.86 5.87 I
WC17 99.26 28.41 1.57 69.66 100.00 6.29 5.87 I
2434 77.50 27.95 1.72 70.89 100.00 5.17 5.88 I
MU 15 100.00 26.06 0.00 75.84 100.00 5.57 5.89 1
NE 51 x SECOW 4 93.34 26.03 6.94 83.41 100.00 4.71 5.90 1
1T 71 77.50 25.70 1.72 78.39 100.00 6.29 591 1
SECOW 1T 85.85 23.79 13.62 98.14 100.00 6.00 5.93 I
ASOMDWEE 64.08 24.16 0.00 78.05 100.00 5.85 5.98 I
EBERAT x NE 51 79.90 24.01 6.35 83.40 100.00 6.60 6.02 I
NE 4 100.00 30.94 0.00 48.14 100.00 6.29 6.02 1
NE 55 65.63 27.20 1.01 63.94 100.00 5.64 6.03 1
WC 67 89.61 25.45 0.00 68.93 100.00 5.33 6.04 1
WC35A 98.60 24.36 15.66 91.39 100.00 5.94 6.04 1
MU 9 97.96 28.12 8.59 66.77 100.00 6.14 6.06 I
1T 84 100.00 28.45 2.24 5591 100.00 5.57 6.10 I
MU 19 100.00 21.74 0.00 77.24 100.00 5.71 6.14 I
NE 53 81.07 25.86 0.00 60.72 100.00 6.27 6.14 1
NE 30 96.20 23.04 0.00 71.66 100.00 5.33 6.14 1
182 77.25 30.90 12.75 55.23 100.00 5.76 6.15 1
WC 64 91.71 29.81 2.85 41.82 100.00 6.05 6.24 I
VIDEZA 36.19 27.12 15.27 63.17 100.00 6.50 6.30 I
WC 26 69.92 21.25 0.00 67.30 100.00 5.40 6.32 I
1T 91 91.54 24.23 0.25 55.23 100.00 5.52 6.33 1
WC2 84.54 23.97 7.54 44.05 100.00 7.17 6.65 S
KvU27-1 85.66 26.88 11.36 34.31 100.00 7.49 6.70 S
1T 889 83.55 27.88 9.18 27.14 100.00 7.20 6.70 S
WC 66 98.83 23.70 0.00 30.95 100.00 7.57 6.74 S
ASETENAPA 95.84 27.87 43.79 48.17 100.00 7.50 7.01 S
WC 69 99.95 23.82 37.07 46.45 100.00 6.00 7.17 S

GM 83.44 29.59 4.48 82.06 96.75 5.50 5.50

CV (%) 20.88 14.60 165.26 22.35 10.67 19.85 15.79

LSD (P =0.05) 26.39 7.45 23.21 32.65 20.47 1.73 1.34
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Table A2. Means of 86 genotypes for the six traits evaluated during second trial.

Genotypes Germination Chlorophyll Dead plants Lateral roots Di.sease Root fOt Is Reaction
(%) Amount (%) (%) Incidence Severity

ASONTEM 87.74 40.80 0.38 82.69 28.83 1.92 1.54 R
IT89KD-288 60.23 38.72 0.06 82.01 50.05 2.48 2.56 R
wcC27 60.08 34.26 0.00 93.20 75.04 3.44 3.62 7
WC67 A 33.70 34.24 0.98 99.34 77.79 3.05 3.65 7
WC 36 53.61 34.62 0.00 100.00 91.68 4.23 4.22 7
NE 39 59.55 33.66 2.25 71.27 80.58 4.41 4.34 I
Dan ILA 7.12 40.12 0.00 100.00 100.00 3.33 4.39 I
WC 52 46.41 28.05 0.00 85.31 88.83 4.56 4.61 I
SECOW 3B 87.75 32.18 8.77 79.66 86.62 5.02 4.61 7
NE 39 x SECOW 2 7.01 30.77 0.00 100.00 100.00 5.32 4.73 7
WC 44 99.46 33.92 3.28 96.34 100.00 4.91 4.74 7
ASOMDWEE 5.51 31.24 9.52 99.42 97.58 5.00 4.78 I
NE 46 87.97 29.27 0.00 100.00 99.92 5.20 4.78 I
EBELAT x NE 39 2491 35.96 2.59 48.97 83.19 4.20 4.79 I
NE 18 18.64 29.26 2.59 98.97 99.85 5.20 4.84 7
1T 97 32.74 37.21 29.59 68.25 83.29 4.62 4.85 7
2392 73.78 35.60 4.95 85.95 100.00 4.84 4.90 7
SECOW 5 x NE 51 26.05 34.32 1.68 81.98 99.82 6.23 4.96 I
NE 21 45.54 33.27 1.94 83.11 99.97 5.02 4.99 I
NE 44 59.67 34.96 7.53 83.87 99.95 5.22 5.01 I
NE 30 85.55 30.36 3.68 88.80 99.97 5.49 5.02 7
NE 67 74.37 33.48 1.35 80.25 100.00 4.89 5.02 7
NE 23 99.59 27.73 0.00 83.95 99.98 5.01 5.14 7
NE 55 59.24 30.23 7.77 82.00 99.95 5.45 5.22 I
NE 32 79.01 28.50 3.81 80.85 100.00 5.04 5.23 I
WC 63 60.10 29.81 0.00 74.51 100.00 4.71 5.24 I
2434 68.14 30.08 0.00 73.59 99.95 4.98 5.25 7
NE 51 46.29 32.03 10.02 78.92 100.00 5.39 5.25 7
NE 39 x SECOW 4 80.45 29.30 0.00 72.78 99.97 5.11 5.29 7
WC48 A 80.37 36.53 6.90 65.15 100.00 5.04 5.29 I
SECOW1T 99.78 34.21 1.25 64.28 100.00 5.55 5.29 I
NE 48 80.09 25.10 2.50 81.80 99.99 5.41 5.32 I
MU 19 52.75 34.61 19.51 78.45 100.00 5.85 5.33 7
NE 5 53.53 31.48 1.15 65.95 100.00 5.18 5.36 7
SECOW 1 x SECOW 4 67.70 33.12 1.03 62.50 100.00 5.84 5.36 7
WC2 59.59 29.30 0.00 68.26 99.98 4.69 5.37 I
SECOWS5T 67.64 29.90 18.72 82.94 99.93 5.69 5.40 I
WC29 67.47 31.97 0.00 61.42 99.91 5.42 5.40 I
IT 84 66.40 31.12 0.00 62.88 99.98 6.26 5.41 7
WC 16 100.00 26.18 0.00 71.07 99.98 5.36 5.43 7
IT 2841 BROWN 86.12 28.70 7.59 73.08 100.00 5.19 5.44 7
SECOW 5 x SECOW 1 12.74 38.01 9.52 49.42 97.58 6.00 5.47 I
1T96D-610 20.57 32.23 0.00 56.43 99.78 5.17 5.48 I
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WC5 32.57 32.06 3.52 57.23 100.00 5.17 5.54 I
NE 70 33.77 33.86 1.03 51.22 100.00 3.34 5.55 I
1T 109 33.07 31.53 0.00 54.12 99.98 5.35 5.56 I
NE 6 53.51 29.90 33.62 86.88 99.97 4.83 5.58 I
NE 40 14.16 30.02 0.00 49.68 98.88 4.79 5.64 I
NE 51 x SECOW 4 19.70 30.62 2.58 51.02 99.02 5.87 5.65 I
MU 17 53.23 31.57 6.88 54.58 99.90 5.30 5.66 I
NE 36 80.43 30.75 1.03 50.11 100.00 5.76 5.68 I
SECOW 2W 46.54 28.50 11.72 64.28 100.00 5.19 5.68 I
1T 71 13.71 29.16 0.00 51.61 100.00 7.33 5.69 I
1T 91 87.35 28.23 4.83 57.05 99.99 4.97 5.70 I
WC 30 86.27 29.39 14.65 63.69 100.00 6.09 5.71 I
WC41 39.72 32.87 2.14 44.63 99.97 5.89 5.72 I
WC38 87.58 31.98 6.28 49.63 99.92 6.07 5.73 I
NE 50 46.40 31.08 2.37 44.70 100.00 5.82 5.79 I
WC 67 66.40 30.68 0.00 41.11 100.00 5.61 5.83 I
WC 68 53.84 34,77 1.32 32.59 100.00 6.19 5.86 I
SECOW 5 x SECOW 2 18.41 32.74 36.20 63.15 100.00 6.39 5.96 I
WC55 32.81 27.73 31.67 67.32 100.00 5.69 5.99 I
NE 71 40.13 33.08 43.82 66.23 100.00 5.99 6.02 I
WC 64 52.43 28.06 11.38 41.85 100.00 6.49 6.11 I
WC17 88.14 32.15 21.33 39.57 99.95 6.55 6.17 I
KVU27-1 74.16 29.07 0.23 23.98 99.98 6.47 6.21 I
NE 45 32.83 31.79 16.77 33.04 99.93 6.65 6.22 I
SECOW 4 W 26.31 32.10 15.77 31.49 100.00 6.72 6.23 I
NE 53 99.99 30.17 0.00 19.65 99.99 5.95 6.25 I
EBERAT x NE 51 61.89 25.25 0.00 25.73 99.95 6.51 6.31 I
NE 37 26.37 28.57 19.25 34.35 99.02 5.20 6.32 I
1T97K499 5.63 35.78 6.18 2.53 97.67 7.00 6.37 I
NE 31 33.06 29.19 2.70 15.22 100.00 6.70 6.41 I
WC 35A 13.20 34.48 0.00 0.00 99.80 6.12 6.45 I
MU 15 93.18 2591 18.25 26.49 99.97 6.08 6.58 S
WC 69 59.27 28.15 30.48 26.24 100.00 6.69 6.72 S
ASETENAPA 6.78 26.63 5.98 0.00 97.65 6.99 6.74 S
MU 20B 61.89 31.07 15.77 5.20 99.92 5.74 6.75 S
WC 66 79.64 29.15 32.72 16.54 99.93 7.67 6.90 S
1T 889 72.94 28.20 33.50 12.92 99.94 7.15 7.01 S
182 32.93 29.29 36.87 10.35 100.00 6.18 7.08 S
MU 9 73.19 28.01 41.66 5.52 99.97 7.82 7.30 S
MU 24 C 13.31 32.37 50.25 0.00 100.00 8.11 7.39 S
WC 26 27.65 29.76 47.45 0.60 100.00 7.28 7.43 S
NE 4 26.30 26.71 84.25 0.52 99.90 8.70 8.16 S
IT98K-205-8 5.57 29.35 100.00 7.48 100.00 7.44 8.21 S

GM 52.92 31.37 11.23 56.74 96.87 5.57 5.57

CV (%) 52.36 10.26 160.39 51.84 10.72 20.80 18.30

LSD (P =0.05) 31.82 6.15 44,01 58.67 20.03 1.98 0.92

R = resistant; /= intermediate and $'= susceptible: /S = Index of susceptibility; NB: Four genotypes failed to germinate and were therefore excluded from the
overall analysis.
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Table A3. Means of 86 genotypes for the six traits across two trials.

Germina- Chlorophyll Dead plants Lateral roots Disease Root rot

Genotypes tion (%) Amount (%) (%) Incidence Severity 5 Reaction
ASONTEM 94.28 41.60 0.19 91.50 46.96 2.04 1.75 R
IT89KD-288 56.07 39.28 0.03 90.53 60.25 2.80 2.60 R
Dan ILA 50.64 38.60 0.89 100.00 64.94 2.65 2.69 R
WC67 A 43.34 33.58 0.48 96.92 80.62 3.62 3.85 I
WC27 73.84 3291 0.00 100.00 81.41 3.68 3.86 7
WC52 64.44 3231 0.00 93.98 85.17 4.14 4.22 I
EBELAT X NE 39 63.24 36.80 1.27 54.99 75.35 4.09 4.29 I
WC 36 71.46 34.11 0.00 98.88 90.82 4.14 4.33 I
NE 39 76.60 32.83 1.11 87.79 86.25 4.13 4.39 I
1T 97 63.91 37.19 14.54 86.08 88.18 4.78 4.47 I
SECOW 3B 86.63 32.11 4.31 83.10 93.46 4.60 4.95 I
2392 70.49 34.23 2.43 93.28 100.00 4.51 4.96 I
NE 44 75.24 33.88 7.33 93.39 99.98 5.19 5.03 I
NE 21 67.12 34.16 0.95 88.99 99.99 4.92 5.04 I
SECOW 5 x NE 51 63.42 34.78 11.72 93.02 99.91 5.33 5.04 I
NE 51 70.68 33.15 8.56 91.30 100.00 5.28 5.13 I
NE 39 x SEC 2 40.05 32.09 5.09 90.27 100.00 5.67 5.16 I
NE 18 57.89 29.53 491 94.57 99.93 4.97 5.19 I
NE 46 87.08 28.00 0.00 93.95 99.96 5.95 5.23 I
NE 48 73.64 28.64 1.23 91.26 100.00 5.80 5.27 I
WC 44 100.00 29.43 1.61 89.09 100.00 4.96 5.28 I
WC48 A 77.15 34.07 3.39 78.23 100.00 5.70 5.29 I
WC63 55.57 29.62 0.00 86.92 100.00 4.73 5.30 I
NE 70 41.86 33.54 0.51 76.17 100.00 3.25 5.33 I
1T96D-610 59.20 33.87 0.00 74.69 99.89 5.45 5.33 I
NE 32 87.60 26.93 1.87 91.98 100.00 5.31 5.35 I
ASOMDWEE 34.79 27.62 4.68 88.49 98.82 5.44 5.35 I
SECOW 5T 81.92 27.93 9.20 93.00 99.97 5.26 5.36 I
NE 67 75.90 29.33 0.66 83.49 100.00 5.49 5.39 I
NE 5 66.30 32.22 4.20 76.83 100.00 5.13 5.42 I
SECOW 1 x SECOW 4 80.34 31.10 0.51 77.07 100.00 5.98 5.43 I
IT 109 66.93 29.86 0.00 79.41 99.99 6.12 5.44 I
NE 6 77.69 29.85 20.15 90.40 99.99 5.21 5.44 I
NE 71 58.98 33.88 21.53 69.81 95.74 5.15 5.45 I
SECOW 5 x SECOW 1 4591 31.68 4.68 72.41 98.82 5.60 5.48 I
NE 39 x SECOW 4 85.23 30.10 4.24 77.51 99.99 4.98 5.51 I
WC29 82.27 31.46 0.00 71.82 99.96 5.57 5.51 I
NE 23 98.71 26.15 0.00 84.49 99.99 5.88 5.52 I
MU 17 69.73 31.89 7.01 74.32 99.95 5.40 5.52 I
WC 16 96.18 27.21 3.63 83.49 99.99 5.43 5.53 I
SECOW1T 92.81 28.88 7.88 81.59 100.00 5.78 5.53 I
WCS5 42.22 31.77 1.73 70.43 100.00 5.60 5.55 I
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NE 40 30.96 31.23 3.04 69.19 99.45 5.77 5.59 I
SECOW 5 x SECOW 2 48.90 31.41 17.79 77.69 100.00 6.33 5.60 I
NE 30 90.87 26.62 1.81 80.04 99.99 5.41 5.61 I
WC 30 88.10 29.13 7.20 76.58 100.00 5.84 5.62 I
SECOW 2 W 60.93 26.63 0.00 78.59 100.01 5.91 5.62 I
2434 72.82 28.99 0.00 72.21 99.98 5.08 5.63 I
WC 55 62.41 27.87 19.20 84.56 100.00 5.72 5.65 I
IT 2841 BROWN 81.59 28.88 3.73 72.68 100.00 5.28 5.67 I
MU 19 77.33 28.03 9.59 77.83 100.00 5.78 5.67 I
NE 55 62.44 28.68 3.82 72.77 99.98 5.55 5.68 I
NE 36 92.01 29.19 0.51 67.19 100.00 5.88 5.73 I
WC 41 62.14 30.04 1.05 63.89 99.99 6.15 5.76 I
NE 37 56.70 27.48 9.46 72.22 99.52 5.27 5.79 I
NE 51 x SECOW 4 56.52 28.27 5.51 67.58 99.52 5.28 5.80 I
WC 68 77.58 30.64 7.91 64.05 100.00 6.45 5.81 I
WCS8 94.75 28.99 3.09 63.75 99.96 5.96 5.84 I
IT 71 45.61 27.39 0.00 65.31 100.00 6.80 5.85 I
IT97K499 52.45 35.73 5.09 44.16 98.86 5.76 5.87 I
NE 31 58.80 31.09 1.33 56.14 100.00 6.83 5.87 I
NE 50 74.11 28.97 1.16 60.62 100.00 5.98 5.89 I
NE 45 56.53 28.63 8.24 63.95 99.97 6.30 5.91 I
IT 84 83.72 29.75 10.85 59.32 99.99 5.91 5.98 I
SECOW 4 W 47.75 31.59 16.23 56.89 100.00 6.35 6.00 I
WC 67 78.00 28.00 0.00 55.34 100.00 5.47 6.03 I
WC 17 93.70 30.24 10.48 54.96 99.98 6.42 6.04 I
IT 91 89.44 26.19 2.37 56.12 100.00 5.26 6.13 I
WC2 72.07 26.57 4.24 55.88 99.99 5.96 6.14 I
WC35A 55.90 29.30 7.27 46.73 99.90 6.03 6.22 I
MU 20B 79.48 30.91 7.75 33.39 96.31 5.65 6.23 I
EBERAT x NE 51 70.89 24.62 4.24 55.22 99.98 6.56 6.25 I
MU 15 97.50 25.99 8.97 51.73 99.99 5.82 6.31 I
WC 64 72.07 28.95 5.59 41.83 100.00 6.26 6.33 I
NE 53 90.53 27.97 0.00 40.65 100.00 6.11 6.34 I
MU 24 C 43.04 31.90 24.69 37.45 100.00 6.83 6.49 Ky
KVU27-1 79.91 27.95 5.20 29.26 99.99 6.99 6.63 Ky
IT98K-205-8 34.54 32.05 54.23 46.02 100.00 6.32 6.64 s
182 55.09 30.11 24.48 33.30 100.00 5.96 6.66 s
MU 9 85.58 28.07 24.11 36.84 99.99 6.96 6.68 s
WC 26 48.78 25.41 23.32 34.71 100.00 6.32 6.85 s
WC 69 79.61 25.93 33.14 36.57 100.00 6.34 6.90 Ky
ASETENAPA 51.31 27.27 24.73 24.63 98.85 7.25 6.92 Ky
WC 66 89.23 26.36 16.08 2391 99.97 7.62 6.94 Ky
IT 889 78.24 28.04 20.70 20.19 99.97 7.18 6.99 s
NE 4 63.22 28.87 41.40 24.87 99.95 7.47 7.08 s

GM 69.43 30.40 7.47 69.68 96.96 5.54 5.54

CV (%) 24.50 10.75 132.13 30.16 9.27 18.32 16.42

LSD (P = 0.05) 41.81 7.83 37.54 50.44 10.95 1.87 0.82

R = resistant; I= intermediate and §'= susceptible; First trial n = 90: second trial n = 86: IS = Index of Susceptibility; NB: Four genotypes failed to germinate
in the second trial and were therefore excluded from the overall analysis.
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