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A survey of cropping practices and foliar
diseases of common beans in Ethiopia

A. Habtu,”t tvan Sache! and J.C. Zadoks™

*Department of FPhytopathology, Wageningen Agricuftural University, P.O. Box 8025 6700 EE
Wageningen, The Natherlands, and ‘laboratoire de Pathologie Vdgétale (INRA) Centre de
Grignon, F-78850 Thiverval-Grignon, France

Field surveys were conducted in three major bean growing areas of Ethiopia. Data collected included
cropping sysicms and severities of bean diseases. We used correspondence analysis to characterize
differences tn disease soverity beiween regions and seasons. and to determine associations between
geographic argas and cropping systems, arcas and discascs, and cropping systems and discases, Chi-
squarc analyses suggested a high probability of high plant density, high weediness. high bacterial blight
and high anthracnose being associated with area 1 (Rift Valiey). In arca 2 (Sidamo) there was & high
probability of high rust inteasity, low plant density and low weediness. Area 3 {Keffa) was characterized
by a high probability of angular and floury lcaf spots. In area 1 (Rift Valley). low rust intensity was
closcly associated with year 1 {1990} and high rust intensity with vear 4 {1993), Anthracnose and bacterial
blight showed no clear assooation with vears. Some linkages between cropping systems and disease
severities were indicated. In arcas 1 and 2, there was a high probability of low rust at early sowing and &
high probability of bacterial blight at high weediness and high plant density situations, The probability of
observing high rust severity at high weediness was low. This study suggests that specific needs of areas,
with ther own production situations. must be considered in the process of developing strawcgies for the
improvement of production and crop protection in beans,

Keywords: carrespondence analysis; rust; anthracnose; bacterial blight; angular leaf spot;

floury leaf spot; sowing date; plant density, weediness

In Ethiopia, common bean {(Phaseolus vudgaris 1) is
grown in rotation with cereals (hmru., 1985), They are
grown for the export market and as a food legume in
parts of the country (IAR, 1991}, Common beans arc
grown from sea level Lo about 2800 m (Schwartz and
Galvez, 19580). Under Ethiopian conditions beuns are
well adapted to altitude ranges between 1200 m and
2000 m, and 1o rainfall conditions (Ohlander. 1980),
Common bean is grown in most parts of Ethiopia, but
production is concentrated mainly in the east {Harerghe
highlands), the south and the south west {Sidamo}, the
west (Keffa and Wollega) and in the Rift Valley. This
geographical range is associated with a wide range of
beun cultivars and diseases (Bos. 1974; Habtu, 1987:
O’'Bannon, 197§, Westphal, 1974},

Common bean production was about 100,000 ha in
1990 (CSAL 19924, b). Farm surveys conducted in
the major bean production regions suggested an
area at least twice the official figures (IAR, 1991).
The national average for bean wield is low. c¢.
600-700 kg ha™' and diseases are @ major factor in
rcducing yields, OF the more than 80 fungal, bacterial.
viral, and pematode diseuses reported o oceur on

Sawthor 15 whom correspondence should bis addressed,
TPermanent address: InsBlute of  Agricultural Resaargh,
Mazareth Research Gentre, P03, Box 438, Nazareth, Ethiopia.

beans worldwide {Schwartz and Galvez, 19806; Allen,
1983), few were recorded in Ethiopia (Stewart and
Dagnatchew. 1967). These older records gave litile
attention to  geographic distribution and economic
significance. Recently, 4n attempt was made to deter-
mine the occurrence and importance of diseases of
beans at various research and/or experiment stations
{Habtu, 1987}, Disease epidemiology under farmers’
conditions s nearly unknown.

Survey duta can help to deseribe the geographical
distribution of diseases, their relative importance and
their epidemiology (James. 1969; King, 1972; Savary,
1987; Zadoks. 1961, 1966). Hence. a survey of bean
diseases wis mitiated 1o investigate the intensity of
bean diseases, their relative importance in several
geographical areas, and their association with bean
production practices {(sowing data, growth condition.
plant density, weediness, etc.) in Ethiopia.

Materials and methods
Sample regions

The survess were conducted in three of the four major
bean-growing areas of Ethiopia: the central Rift-valley
{East and South Shoa), south and southwest (Sidamo},
and west (Keffa). Areas visited and the survey route is
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shown in Figure 7. Area 1, the central Rift-valley
{ARL}, represents the hoi, dry and crratic rainfall
chimate where normally one bean crop 1s grown each
year. Area 2, the south and south west (AR2),
represents a major bean growing area where beans are
planted at least twice a year either as an intercrop or a
monocrop. Area 3, the west (AR3}, is characterized by
praduction of beans in intercropping systems with
cither maize or sorghum. Here beans are normally
GTOWTT ONCE 1N 3 yeur.

In the ceatral Rift Valley, the survey was conducted
for four consecutive veurs { 1991993} and information
wus gathered from 129 fields. [n Sidamo. the survey
was conducted in 1990 and 1993 and data were
collected from 80 fields. In Keffa, data were collected
in 1994, 1992 and 1993 from 53 fields. In total. 262
fields were visited,

Sample fields

Fields were ordinarily selected at intervabs of 5-10 km
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along the muin roads, When necessary, the sample size
(the number of observed fields per region) and the
distance between sample units (the arbitrarily selected
single plants) per field were adjusted to suit crop
distribution and field size, respectivelv. Al sumple
fields belonged {o small, private farmers. Each field
was visited once.

Sample unita

Of each sumple Tield, o general impression of the feld
was obtained ax (o size. shape and crop condition.
Plants sampled wore systematically selected by making
a spegiticd pumber of equally spaced paces following an
inverted *V pattern. Having mude the pre-set number
of paces (according 1o the size of the hield), the nearest
plant to the right foot was sampled. For cach field, 10
plants were sampled for disease assessment. A sub-
sample of three trifoliclate leaves per plant was
selected from the upper, middle and lower canopy
layers of the main stem . vickding a total of 38 Jeaes per



field. Means of canopy layers were determined per
plant and then averaged per field for data analysis.

Crop and disease assessment

Each field was represented by a set of variables (Table
1Y indicating ficld characteristics, crop developmental
stage and disease severity for each of the following
diseases, angular leaf spot (Phaepisariopsis griseclu
{Sacc.y Ferraris), bean anthracnose {Colletotrichum
lindermuthianum (Sace. and Magn.) Bri. and Cav.).
bean rust (Uromyees appendiculatis (Pers)) Ung. (U
phaseoli (Pers.) Wint.), common bacterial blight

Table 1. Categeeization of varables used in correspondence
analyses for a survay of cropping praclices and bean diseases in
throe geographical regions of Ethiopia 4, cerdral 1, south: and
Hi, wes

Classes Nurber of fields®
Variabic {boundarsies) i il il
Area {AR) ARI {central} 139 129 85
AR? {scuth} 80 80 R0
ARG {west 53 37 37
Tota! 2 246 22
Blant density {PD} Pt {124y 36
PDZ 2140 a8
PE33 (4] and sbowes 78
Fotul 202
Sowing date {SD) SDI (earlyd 4#
SD2 (optimum) 130
S5 (late) {3
Teut 236
Weediness {WD WD {light) 1433 1531
W32 (maoderate) 13 78
W3 (high} 35 23
Totut 246 AR
[riscases
Angubar {AL) ALD {absent} 196
leaf spert AL (present) 66
Total 262
Bactorial blight (BB} BB {ik2) 134 142 H
HEZ (3-5) Hi 4t 37
B8B1{5 and above) hid hid 54
Total #2022
Hean (HAY A (=) | L
aathracnose BA2 (2-5) il Hl 33
BAS (5 and sbove) 3 S 44
Total 62 e 207
Boan rast {BR) BE] {02 iin 45 71
BRZ (2-5) 47 4z 820
BE3 (5 and aboved &9 59 Ry
Total 7 e HE
Fiemry {FLJ FLi {abseni) 224
leaf spos FLI {prosomsid a8
Fuotat 2

"Three amilyses were performed diie 1o mblanee ot sample fiotds, B alb samphe
Trefds were meluded 0 she analyss, UL data miswng jor sowing date and
wendsioss in area 3 AR D data massiog dor plant dematy i arca 1 (AR
TPDL mumber of phoge ns . SD2L optimuim g daie 2s percened by
Farmers, maally fate Junc s carly Juby for contrat. mbd bo fate fuly for somih
and west. anything bofore s comidered carly amd abter lafe: WDE, weeded w1
least vace and sbwace of veblc weods, WB2 weeds prosent badl not @ g
strang competibon with bous: WD, begn Guld not weeded a8 gad woed
wilestation groater than 160

Fncase sovpaty {proporion of fedf area miccted i T
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{ Xanthomonas campestris pv. phaseoli {Erw, Smith)
Dowson) and floury leaf spot {Mycovellosiella phaseoli
{ Drrummond} Deighton). Disease severity was defined
as the affected leaf area, including the lesion and
associated chlorosis (i.e. the nom-green area) as a
percentage of total leaf area. Most data were collected
around the pod filling stage (Fernandez et al., 1986) at a
time when discases were conspicuous at all canopy
lavers.

Data categorization

Categorization (here the allocation of severities,
recorded on a conmtinuous scale from 0 to 100, 10 a few
distinct classes) is the transformation of quantitative
data tnte coded, qualitative data. Class boundaries
were chosen so that classes contained approximately
equal totals (Table 1), 0-2%. 2-5% and >>3% severity.
Thus, bean rust severities were coded as BR1, BR2 and
BR3. Three sowing dates (SD1-SD3), three weed
intensities (WD1-WD3J, three plant densities (PDI-
PD3), three areas (ARI~AR3)} and 4 years (Y1-Y4)
were conisidered.

Contingency tables

All variables were encoded 1o build contingency tables
{Table 2}, to represent the bivariate distribution of
fields according to two classifications (e.g. sowing date
and bean rust severity). An entry in a cell of a
contingency table represents the number of fields
falling into that cell. The independence of the frequency
distributions of two variables was tested by chi-square
analysis (7). Several contingency tables were combined
into a single matrix, e.g. with disease severities as
columnas and other variabies as rows.

Correspondence analysis

Because of the non-normal distribution of most vari-
ables and their low precision, a non-parametric method
to analyse categorized information was used (Hill,
1974; Nutter ¢r af.. 1991; Savary and Zadoks, 1992:
Savary et al., 1993). Correspondence analysis is a
multivariate method that allows the pictorial repre-
sentation of contingency tables in order to identify
associations between two groups of variables. These
two groups are the columns and the rows of Table 2.
Discase severitics in columns are variables to be
explained while variables in the rows are explanatory
variables. The variables were treated as either active
{directly used in the analyses) or additional (projected
in the graph but not used in the analyses).
Correspondence analysis was conducted for each
bean growing area and across all three geographical
areas to characterize associations between cropping
systems and disease severitics. The method generated
graphs which piotied categorical variables 1o examine
thetr relationships. The rescling graphs use a
distance to represent relationships among categorized
variables (Benzécri, 1973 Greenacre. 1984; Savary et
al.. 1993} The interpretation of the graphs is based on
the strength of the association accounted for by the
axes. the classes that contribute most to cach of them,
the proximity of paoints representing classes. and the

Crop Protection 1996 Volume 15 Number 2 181
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Tabte 2. Centingency tables for the analysis of data from four years {1890-1993) from a survey of three dean growing areas (central,

south and west Ethiopia)

Ares by disease
BE: BR? BRY Bal BAZ BaA3

ARL 55 42 32 Su 37 43
ARZ 13 ity 35 33 15 12
ARZ 32 13 2 2% 24 i
Year by disease’
BR! BR2Z BR3 BA! BAZ BA3

¥1 bz i3 7 23 4 2
¥ £3 4 7 1) 6 i4
¥3 2 4 4 4 & HE
Yi it i 4 i7 é 7

Cropping system by disense
BR1Y BR2 BRY BAI BAZ BA3

SD 28 13 7 23 2z 4
SD2 4 St 3 a1l 29 31
D3 r 28 {3 45 HE i
HRE BR2 BR3 BAl BAZ BA3Z
WX 1 42 25 66 24 g
win 37 38 3a 17 24 23
WA 2 2 4 th 7 14
BRI BR2 BR3 BAI BAZ BAZR
P13 31 32 23 34 8 6
P2 14) 0 # KR} 17 B
PD3 3 2% 20 33 i 30

Area by crapping system

P P02 PI33 WLH WDz Wi
AR { B 77 22 0 7
AR2 52 28 0 37 v 4
ARG a4 2 | 22 i3 2

BE BRB2 BE3 AL Al 1.4 FIL.1
1% 3% #3 129 i 124 0
H) % 2 1 19 K
32 7 3 & 47 4 4R

BEI BR2 BR3

& 4 2
2 f 2
H & i6
i 2 H{

BBI BB2 BB

23 7 ®
59 3 39
Kt 16 ad)
BB! BEZ BBs
#1 Y 13
28 i 50
£ ] 23
BR} BB2 BB3
&l 3 i
3 [ Y
k. 22 A

For desergiion of sanables reier Table |
Trata Irom area 1 only

Tabls 3. Geographical distnbuton and disease severity (% measured as propontion of leal area infected) of bean disoases in Ethiopia

£1590--1983)

Disease soventy (%)

Ares ¥Your BR BA

BB Al k1 1

Cestral H S ] 21 14 £ {4 H0 iy
191 ERL f.h w0 [IRH 0.1 R

el 22 13 #d 04 4 3%

Jyu3 R 18 I 04 [1E]) 24

Moan 34 2 68 fi.4i [ER]] 34

Sauth 1954 iR 1.9 HRS 13 I 3
19u3 kN | 2.2 HRH I} {14 3z

Muoan 34 HE S ired U RS | v

Wigat [t I3 2.2 {EN 3 s i -
142 24 >4 A3 1 1 0.5

1493 2.4 37 it W #.2 R Y

Moan 27 22 X 1.3 i

R, bean el BAL anthraeiose, BB commuon bacterid Bhpht, AL, angular leat spat, BL Hoaery Ioat oot DT dead tosus

paths representing a succession of classes. Similarities
in pattern or direction of paths indicate correspondences
that can be tested further using the appropriate 3" tests
(Savary e al,, 1993). Analyses of data werg performed
with the NDMS computer programme {Savary ef af_,
1988).

Results

A summury of the disease survey data over a 4 vear
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poriod {Tuble 3} indicates vanabion v disense severity
with vears and geographical areas. Beuan rust (BR)Y,
anthracnose (BA} and bacteriat blight {BB) were more
widely distributed than angular leaf spot (AL or floury
leat spot {FLY which were not Tound insome regions. In
farmers’ fields. disease severdy was general and mean
severity did not excecd 7,

Analysis of the data with correspondence aralysis
suggests associations of years, arcas amd crepping
practices with bean diseases, The axes pencrated by
correspondence analyses accounted for >90%, of the
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Figwe 2. Ordination of six varisbles by correspondence
analysis. The variables, all active, are area (AR1.AR3), plant
density (PD1..PD3), and weediness (WD, WD3}L, n = 202. The
graph is largely dominated by axis 1 (horizontal, & = §.92). Axis
2 {vertical, ¥ = 0.08) nicely separales areas put has liftle
axplanatory value

total inertia {technical term of correspondence analysis
approximately equivalent to variance). These axes
were used to draw graphs and interpret results,

Area and cultural practices

Figure 2 15 produced with area. plant density and
weediness as active variables. Most inertia is explained
by axis 1, roughly representing increases in plant
density and weediness. The graph shows clear associa-
tions between area 1 (Rift Valley). high plant density
and medium to high weediness, Area 2 (Sidamo) is
associated with low weedmess and low to medium plant
densities, area 3 (Ketfa) with low plant densities.

These associations are confirmed by x° tests on (wo-
dimensional contingency tables. High plant density has
& high probability in area 1, medium plant density in
area 2, und low plant density in areas 2 and 3. (n = 262,
x° = 188, df = 4, P <« 0, 001 3. Low weediness has a
low probability in area 1 (Rift Valley) and a high
probability in area 2 (Sidamo). Area | has a high
probubility of medium and high weediness (n = 246, y~
= 37, df = 4. P <<« 0.001), Plant density dnd
weediness were also strongly associated (n = 202, * =
34, df = 4, P << 0.001),

Year effacts

The correspondence analysis of year effects on the
major diseases, rust, anthracnose and bacterial blight is
shown in Figure 3. in which all variables mentioned are
active. The two axes represent 94% of total inertia. The
hotizontal axis is largely determined by rust and
bacterial blight, The paths of rust and anthracnose
cross at nearly right angles, indicating independence,
The path from medium to high bacterial blight runs
opposite (o that of rust. Year 4 (1993) is associated with
high and yvear 1 (1990) with low bean rust {n = 129, »°

= 15, df = 6. P = 0.02). Years 2 and 3 (1091, 1992}
were intermediate between years | and 4. No significant
associations were found between years and anthrac-

A survey of cropping practices and diseases: A. Habtu et al.

nose, though Figure 3 seems to suggest an association
between years 2 and 3 and high anthracnose.

Cuitural practices and diseases

In Figure 4, the first axis largely represents the
trajectories  of bacterial  blight, weediness and
anthracnose. The second axis largely represents the
fower part of the plant density trajectory and

Pt (BF;
Comenan: hacina Sight (KD

<p 4 4

Anthracnoss (BA}

Foar Y}

©
5

gﬂ"ﬁ 's‘
- N Y‘i
ﬁu ~‘~~W Q.

BR2
BB 01%. Limm - -C:b” LT ™
BEg Bﬂﬂ

Axis-2 (23%)
.

o
PR T

Yz
Y3

'925 E BAial? 1 EH T 1 l 1

o4 03 02 01 ¢ 1 02 03 04 03
Axis-1 {(71%)

Figure 3. Crdinabon  of fowr  variables by  corsspondence
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the upper part of the rust trajectory, which run in
opposite directions. The third axis (3 = 0.01) is largely
dominated by the sowing date trajectory, paralleled by
the lower parts of the rust and anthracnose trajectonies,
the latter running in opposite directions.

In Figure 4, the rust and plant density trajectories run
nearly parallel. Early sowing is associated with high
values of weediness, bacterial blight and anthracnose.
Low plant density {(PD1} may be associated with high
severities of rust. Early sowing is associated with low
rust severities and intermediate sowing dates with
intermediated to high rust values and low weedingss
(Figure 4}. A low plant density is strongly associated
with low weediness and low bacterial blight. High
weediness and high plant densities are associated with
high severities of bacterial blight and anthracnose.

Sowing date had a clear effect on disease severity.
Early sowing was associated with low bean rust whereas
normal sowing date was associated with high rust
severity {Figure 4). Normal and late sowing were
associated with intermediate and fewer high bean rust
intensities (n = 246, ¥* = 13, df = 4, P = (.011). Early
sowing was associated to some degree with intermediate
anthracnose levels. Late sowing showed the inverse
pattern. Normal sowing was rather neutral with some
excess of high anthracnose levels (n = 246, y> = 13, df
= 4, # = (.11}, Bacterial blight showed no significant
associations with sowing date.

High weediness was associated with a higher prob-
ability of low bean rust levels whereas low and medium
weediness were associated with medium and high rust
levels, respectively (n = 246, ¢* = 9, df = 4, P = (L.07).
Low weediness was highly associated with low bacterial
blight, whereas medium and high weediness were
strongly associated with high bacterial blight (n = 246,
y' =62, df = 4. P << (.001). Intermediate bacterial
blight was neutral as to weediness. The association
between weediness and anthracnose was not significant.

High plant densities were associated with high levels
of anthracnose, low plant density with low levels of
anthracnose (n = 202, «* = 19, df = 4, P << 0.001}.
Similarly, high plant density was strongly associated
with high bacterial blight (n = 202, 3> = 111, df = 4, P
<< 0.001}. No significant association was found
between plant density and bean rust severities, despite
strong graphical association of high levels of rust with
low plant densities.

Geographical areas and digeases

The two axes generated by correspondence analysis
accounted for nearly 100% of total inertia. Area 1 {Rift
Valley) was closely associated with high and inter-
mediate levels of bacterial blight and a high level of
anthracnose {Figure 3). Area 2 (Sidamo} was closely
associated with a low level of anthracniose and bacterial
blight and intermediate to high level of rust. Area 3
(Keffa) was associated with a high presence of angular
and floury leaf spot, low level of rust and intermediate
level of anthracnose.

Whereas the three bean rust severily categories were
rather evenly distributed over area 1 (Rift Valley), low
bean rust severity had a very high probability in area 3
{Keffa) and a very low one in area 2 {Sidamo). Medium
to high bean rust severities had a high probability in
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Figure 5. Ordination of six  variables by corrsspondencs
analysis. The twee areas (Rift Valley, Sidamo and Keffa) are
related to five bean diseases {rust, antheacnose, bacterizl blight,
angudar leaf spot and floury ieaf spotl. Areas, rust, anthracnose
and bacterial bight were the active vanables whersas angular
and fioury laal spot were additional variables. Total number of
feldds, o 202

area 2 (Sidamo} and a low one in area 3 (Keffa). The
linkages were highly significant (n = 262 ¢’ = 44, df =
4, P << 0,001).

High levels of anthracnose were aver-represented in
area 1 (Rift Valley), low anthracnose severities in area
2 {Sidama), and intermediate severitics in area 3
(Keffu). The association was significant {n = 267 " =
34, df = 4, P << 0.001).

Low levels of bacterial blighi were strongly under-
represented in area 1 whereas medium and high values
were under-represented in areas 2 and 3. High severities
of bacterial blight were strongly over-represented in
area | and under-represented inarca 2 (n = 262, y° =
18], df = 4, P << 0,001},

Angular leaf spot showed a very high probability of
tow values in arga 1 (Rift Valley) and of high values in
area 3 (Keffa), whereas area 2 (Sidamo) was about
average (n = 262, %° = 157, df = 2, P << 0.001).

High levels of floury leal spot were strongly over-
represented m area 3 (Keffa) and under-represented in
area 2 (Sidamo) and especially in area 1 (Rift Vatley) (n
=262, x° = 232.df =2, P = << (LIKH).

Discussion

Information on the geographical distribution of plant
diseases s uscful to understand the occurrence of
disease in a new ares and o sl prioritics for disease
management, The understanding can be increased
{Weltzien, 1972} by distinguishing degrees of intensity
of the disease within the area of ity occurrence,
distinguishing subareas with high severity and marginal
occurrence, and as an aid to explaining the associations
between cropping systems and discase  intensities,
Habtu (1987} considered the presence or absence of
diseases within a given area of Fthiopia, describing
diseuse severities at experiment stations. The present
study revealed the wide prevalence of some bean
diseases, the limited occurrence of others and the
association of disease intensitios with cropping svsiems.



Cropping practices

The prevalence and severity of bean diseases vary with
cropping practices. A general trend concerning the
association of cropping practices and disease severities
was found using correspondence analysis. In areas |
and 2, low rust was associated with both early sowing
and high weediness while high levels of rust were
associzted with intermediate sowing dates. The low
severity of rust at early sowing dates may be due 10
several factors. First, early sowing dates might have led
1o the escape of crops from rust incculum armving late.
Second, early in the cropping scason, temperatures
near the canopy may be still high and rainfull low
resulting in long periods with little leaf wetness. Leaf
wetness is an important factor for rust infection (Harter
et al., 1935, Tmhoff er al., 1981).

High severities of anthracnose and bacterial blight
were associated with intermediate sowing daltes. Early
sowing and moderate weed density both favoured
anthracnose and bacterial blight. In area 2, anthracnose
and bacterial blight were nearly negligible during the
survey period. Here the bean production practice is
characterized by light weeding, low plant density, good
crop rotation, and possibly by the use of healthy seeds.
The difference in weeding and plamt density between
areas ! arned 2 {Figure 23 was obvious.

Area and vear

The roles of the environment and of human action in
the development of plant discases are depicted by the
disease tetrahedron (Zadoks and Schein, 1979). The
previlence and severity of bean diseases in Ethiopia
varied considerably with the environment, both by area
and vear. Within an area. disease severities were
influenced by cropping practices. Beans produced
under cool conditions at intermedmte to high altitudes
are often affected by rust, anthracnose and angular leaf
spot, under hot and dry conditions by bean common
maosaic virus, common bacterial blight and root rots,
and under hot and moist climates by web blight (Allen,
1983).

The central Rift Valley, area 1, is characterized by
high tempervature and high variation in rainfall amoum
and mtensity. Under such conditions, the common
bean discuses are bean common mosale virus and
comman  bacterial blight. In our study, common
bactenal biight was most severe, but rust and anthrac-
nose were also observed. In arcu 1, angular and floury
leaf spots were practically absent. The south. area 2. i
coaler than the central Rift Valley, and has dependable
rains. Here, rust was severe and. surpnsimgly, anthrac-
pose was ingignificant. e the sonth, beans were
carefully weeded, plant densities were rather low,
perhapy adversely influencing the micraenvironment
requited for the development of anthrucnose. In the
west, area 3, the situation was rather clear. Many
diseases were present but the important ones were
angular and floury leaf spots. The west is characterized
by a humid climate, high temperature and high rainfall.

Though such is the general trend. discase severity
was affected by seasonal variation. peimarily raintfull
and temperature (Savary, 1987). In urca 1. when
temperatures were bigh and moisture was hmiting,

A survey of cropping practices and diseases: A, Habtu of &l

common bacterial blight became dominant (Table 4,
vear 3). When there was a dependable rainfall resulting
in a cooler temperature (vear 2} anthracnose became
the principal disease. Anthracnose became even more
impertant when farmers used infected seed from their
last harvest. A high anthracnose seasan, as in 1991,
resulted in crop damage. In areas 2 and 3, the
association of disease intensities with seasons is nol
very clear possibly due to the low variation of rainfall
and temperatures between seasons in these fwo areas,
{t is difficult to find rainfall and temperature data to
accurately describe these areas. Table 4 provides a
general picture where data is provided for Nazareth
{area 1), Awassa (area 2) and Jima (area 3},

Obviously, not all bean diseases ocour everywhere,
at the same intensity. Their prevalence and severity
depend on area and season. Generally speaking, rust,
common bacterial blight and anthracnose had a wider
distribution inn Ethiopia than angular and floury leaf
spot. Worldwide (Schwartz and Galvez, 1980} rust,
anthracnose and angular leaf spot are reported to have
wide distributions. Our results suggest priorities for
strategies of control of angular and floury leaf spot in
the west and rust in the south. In the central Rift
Valley, where rust, common bacterial blight and
anthracnose occur simultancously. at different degrees.
anv control strategy designed 1o reduce the impacts of
discases must concurrently deal with these three
diseases,

Research implications

The variation among enviromments. crops and cropping
regimens brings about concomitant vartation In diseases
amdd their intensities {Boudreau and Mundt, 1992;
Zadoks and Schein, 1979). Management of diseases
requires an understanding of these interrelated and
ieracting factors leading to epidemics,

The present study provided some clues to the
understanding of the geographical distribution of bean
discases. the association of disease intensities with
areas. seasonal vanations of disease intensities and the
inteructions between cropping systems and disease
intensities. Understanding the system will help to
eventuslly achieve an economically sound and efficient

Table 4. Weather dals from some representative locations
sampled for bean diseases in Elhiopia betwesn 1990 andg 1993

Youes
Woeasther

saribios Lagation HES T O TR L 5 T3
Hanntail Nazarcth 4318 AN ARG e
Ay 7R MM 481 d8A7
Ja 1AMy 7523 {361 1946
Alin fomygs, - Rapsareth ! 3 IR RS s
Awasei 133 (R 138 HER
UM 124 129 [ 176
Mas, temp Nirearutly 277 178 w7 274
Ao 2630 239 258 A
LT M7 234 e Yih

by BAE dhate wore vankabic fon only 8 menihn
Roniadl {mn) data wond ol 5 antde [Min-Sepivmber)
Fomgpeniuie £ 0 data s oraged os o ® anashe
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crop and bean diseases management strategy. The
Ethiopian National Bean Improvement programme is
irying to better focus its breeding activities by regional-
izgtion, recognizing four major bean growing areas
with different ecologies (differences in altitude, rainfall,
temperature, soil, production system, production
constraints and objectives}. The present findings confirm
that the regionalization of the breeding programme is
well justified. To address the specific needs of the
different regions, {he programme should, perhaps,
integrate breeding and crop protection activities, in
order to develop an overall strategy for the management
of common beans,
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Abstract

Crop growth and disease eprdemics i spraned and nonwsprazed bean
plots, artificially infected with rust (Uromy cos appesdi sfatasd 3 wegk
after emergence, were assgssed aeekly in tu o cueltivars, al two locaiions
for two seasons. Disease miensity was regulated by the applicabon of
a fungiewde at & spray frequencres. Funmewde applicauon influenced leaf
urea meex (LAE and reduced rust mtennity  The fungicide had no
significant effect on other diseases and dead leaf ares Fungicide appl-
cation mereased seed vield (3Y ) by increused numbeees of pods per plan?
(PP Rust severity was strongh correleted with pustule density bat the
overal! relfationships among rust sssessment parameters depended on
cultiver and Jogsatien Seed yield and pods per plant were highly coee
reinted with EAL The relatonships between LA and seeds por pod or
sued weight depended on cgltivar and tocation, Oversil rust assesient
parameters (rust seventy and pastale densisy) showed close, neguine
relationships with seed vield, seed waight and pods per plant but not
with zeeds per pod. The relavonships obtumed in the partialls ressmtant
Jue 6-F-385 were less definite than those i the susceptible hne AMexicun
142 The vield parameters seed vield and pods per plans showed sirong
positive relalicnships

Zusammentassung

Wachstorn, Krankheistn und Ertragskomponenten rostbefallencr Phase-
olus-Bohnen in Athiepien

ir behandelten und unbehandelten Bohnenparzellen, die 1 Waochen
nach dem Asfiaufen ron dem Rostpilz Lremivees appemdicudata -
okuliert worden waren. wurden Plianzenwachsiurn und  Krank-
heitsepdemien in 2 Veegetationspenoden ber 2 Sorten an 2 Standorien
emmal wochentlich bonstiert, Die Krankhestsstirke wurde ain Fungesd
regubert, das @ funl verschuedenen Hiuofigheitsstulen angewendet
wurte, Die Fongizidbehendiung beetsHulle den Blavfldchenmdes
{LAY) und reduzierte den Rostbefall Duas Funpind zegre keme sig-
nifikante Wirkung aw! andere Krankheiten ond die Grifie der abge-
wtorbenen Blartfliche Es erhéhie den Samenenitag (8Y) durch eing
Steaperung der Anzahl Hidsen Pllanze (PP Die Roststarke var mut
der Pusieldichie eng korreliert, doch die Bezichungen zwischen den bel
der Rostbomiur berlicksichtigien Purametern hingen von Sorie und
Standor ab. Samenerirag vnd Anzah! Hiilsen/PBunze karrelierien eng
mif dem Blattflidchenndex. Auch die Bezichungen zwischen LAL und
Anzahl Samen/Haise oder Samengewich: waren von Sorie und Stand-
ort abhingig. Die bei der Rostbonitur berscksichtigten Parameter
Krankheitssifirke und Pusteldichic zeigten enge. negalive Bexehungen
zu Samenertrag, Sumengewicht uad Anzahl Hilsen/P8anze, aber nicht
zur Anzahl SamensHalse. Bet der teilresistenten Linie 6-R-393 waren

die horrelanonen wemger deutheh ads beo der anfilligen Lime Mexicun
142 e Entragsparameler Samenertray and Anzabl Holsen Phowee
Fogten starke. positive Korrelationen,

introduction

Rust caused by Lromivees appendicudans Pers. (Unger) 18 a
wide-spread and important disease of beans (Phavealus ridgury
Loy in easiern and southern Africa. In Ethiopia, severe out-
breaks of bean rust were reparted fram the south and south-
western purls (FAR. 19745 A severe outbreuk of bean rust
resufiad 0 nearly 0% vield loss in the popular and widely
grown, but suscepiible cubtivar, Mexican 142, Howland and
MeCartner (19663 und Singh and Musivimg (1981) suggesiad
that a sesere infection of rost may cause & 10-37%, vield loss in
Last Africu.

These findinps were mostls bused on visual observation. Few
gquaniiative data exst that show the mpuact of rust on crop
growth. vield and vield components. Analysis of cras growth
and vield components affected by rust should help to under-
stand the relationship between the preduction situation (De
Wit 19821 disease and yield (Savary and Zadoks., 1992zl
The tolerance of w ¢rop 10 mjury varnes during the growing
seasen {Zadoks, 1983). and so analysis of crop growth, disease
development. yield components and their interrelationships at
wanous constramt levels will help to understand the pro-
ductvity of bean crops in Ethiopia.

Management of crop Joss (Zadoks and Schiein. 1979 Muack-
enzie. 1983 requires 4 good understanding of the relationship
between crop growth and disease development. Savary and
Zadoks (1992a.b;j established relationships between production
situations. injury and damage i 2 groundonut multiple pathe-
sastemi. In Beans. no such relationships were studied. Exper-
snentad manipulation of epidemics is one way o influence crop
arowth. disease development and yield. This study reports on
such expenments. addressing 1) the offect of different epidemics
on leal area index and vield components: 23 relationship
between different parameters for rust assessment: 3} relation-
ship between yield components; 4) relationship between Jeal
area index. rust development and yield components.

U 8 Cogyrgha Closrance Cerner Code Scawmen 093 1-1783/95/4307-0391 511 .00/0
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Hagrs and Zapoks

Tahble |
Descrniptions of bean growth stagey as used in this study. after Fer-
aandez ot ol ({986), with shelt modificztions

Wi = Third infoholate teaf
R =Pre-flowenng. first floral bud
Ro= Flowermg
R7 = Pod tormiulion
RTA -hat week of pod Tormation
R7B-—Znd week of pod formation
RS = Pod hiling
B8l st week of pod Bling
RE2-——2nd weex of pod fling
HE5- 3rd week of pod filling
RY=Muatung (discoloration and deving of pods)

Materfals and methods
Experimental design
Freld sypeniments were periotmed m 1990 and 1991, 1 experunental
fields of the Institute of Agncoltural Research at Dibre Zen 11830 mas)
and v, HE mn snnual rainfally and the Plant Protection Research
Centre at At {2150 mast and ca. 960 mm annual run i

The expeonments were condacted as> rapdomized complete blogk
desgns with ¥ replications. in « spint piot arrangemeni. Two cultvvars.
Mexicun 142 suscepuble 1ISUSs and 6-R-39S5, partiaily ressstant (RESL
formed the mam plots and Qe spray treatments the subeplots. Seeds
sere sown momid-Juoe 3t Ambe and earhy July m Rebye Zon The
expersmental datd o Debre Zevon 1991 for RES were eneludded trom
the analvsis due to g seere infccnen by Bean Common Mosiie Verus
(BOMYYL

Suadurd dgronomie practices were followed and no fertdizers were
applied. The expenmental sub-plots measured 4% m'. One seed per
hole was sown ot Hi em distonce berwern the rows and 10 o disuange
withim z row Euch plot was surrcunded by 3.2 m guard rows of wheat
o roguce interplot interference,

Inocniation

Three wesks after emergence, guch of the expenmental plots wus mocy-
futed by sprasmg o oreduunsporg suspension tibout 3 g uredimospore
per 20 1 of H.07 contaimng & misiare of local molatgs of hean rusy
collected from the respecuve lovalions,

Spray treatments

Fungiiade sprasing hegan |-week after mocukiton To produce ep
demucs of varviag mensy omoeach cultnar, planbas 2% {ony-
carboxm, a stslemie Junmode af the rate of 9.1%3 s cpphicd al
migrvals of 3 ftreatement 43 10 cretment 34 13 (trestment 23 and 20
dass frsatment 13 A cheok (treatment 1 s left unsprased (o aifow
masimum development ol beas rint.

Crop assessment

Greswth stages were derermened at the dares of disease assessmest
followtng Fernandez ot ab (19861 with sheht medificatons (Tuble 1),
AL thie first and last divease asansment dat, the number of phats m
the middle four rows of each plot wis couated. Counly were convered
w plant density {thworencally 2% plants m "k The leaf arcy of euch
plant ~olected Yor disedse wssesament was calesbated usimg 2 pictonal
key. The leat ares ndex (DAL nas Jetermned a1 weekly ntervals,

Disense assesvment

From about Hdays alter movuhizon, assessment of incrdence imomber
of mfected Jeaves per plant), sevents ipercent at aren mlestedh pustule
densiy (nunzher of pasindes por feat]. and pusiule size (1 = 0o vivble

simploms 2 = neerene spois wihoul sppreinion; 3 = Gumeler of

spotulime pustule < 300 grm. 4 = 300-300 jan; 5 = M0 e
fo S0 answere estmaied (Stavely et all 1983 at weekis nfervals.
Observations were made on 12 randemly sslevied and marked piash

per plot, avording plot borders. Well-developed green leaves randomly
selected and representung the wpper. muddle and lower canopy favers
were used or disease ussessment. These tagged plants inon-destruetive
samphing: were used on each obsenvation day

Other diseases such o comman bactenial bhght ( Yuntbomonas <o
pesiris p¥. phaseodi (Erw, Stk Dowsont ot Debre Zon and anthrac-
wose [Coffpratrchum Hndenurtianen: 1Sace and Magn .} BA. and Cav.
at Ambo. yellowing and dead tsee tonumis sisect damage and slight
necresis) were assessed sepaciteh . AL Ambo. seeds were treated with
benomyl (Habty and Awgechew. 19841 prior to planting because of the
high mcidence of anthragnose.

Yield assessment

At the end of the growing season, weed vieid s$Y in g m 7. seed werght
(SW)in mg seed . number of pods plast™ PP and number of seeds
pod 1 (5P) of the four central Tows wers sssessed, SY and SW were
determuned at 12% mosturs after sun-drimg thresied seeds for 3 days,
PP snd 8P were counted at harvest.

Computation

Cross-sectional anafvees (Zadoks, 1978 were conducted 1o check the
sifects of rreatments on LAL disease miensaty srust ncdence (1N, rust
severiy 1RS), pustule density (PO pustile wize tPSy severnty of other
diveanes 10D} and dead tssne (DT per canops lnver and per growth
stage. The analyses tested for the afects of cultivar. treatment and
mteractions of cultivars by treurments 0T Coefaents of correlution
of rst nutensity parumeters NG RS, PR and PSywere culeulated 1o
determine mutval (elanonships. Stonsuenl anulses were performed
using METAT (Freed of al., 19861, A% tosts for sigmificance were per-
formed wt P < 0.03,

Results

Production situation

The production situation is characteristic of Iow mput agn-
culture, without N, P or watter added {De Wit 19823 Ambo has
more rainy duss. more cloud coset. lows radianion. cooler nights
and higher rost pressure than Debre Zeit. Yield capreiny s
reflected by the avernge muximum yvield 1u1eid of the rust free
ploty of 1860 kg ha™' for SUS &t Debre Zeit and by the
maximum yield of 2180 kg ha~? {or RES at Ambo.

Effects of spray treatments

Leaf area index

Ditferences in LA betwesn ~privy treatmenis were significant
from Howering {RO) omwards 1Table 20 19900 and ot all
growth stages mm 1992 (Tabie >y In SUS. LAT reached o
maximum of 3,25 ar aambe 19900 and 281 at Dehre Zeil 1991,
both in treatment 4. For trewtment 4 LAT ressched fis maximurm
4 R7A, a8 Re for the other treatments, then dochned. The
decline was mosl prominent for treatment & RES abo showed
sigtpficant differences berweer sprin reaiments, bt the differs
erices were not lurge. Differences between cuitivars wore sig-
mificant at ¥4 and at = RTB. Ab two growth stages (RE and
&43 the imteraction hetween cultivar and treaiment (CFT) was
significant. ln Debre Zeit 1991 the block etfeci. signdteant at ali
arowth stages. reflected the waterlogzing (commeon at Debre
Zesth that affected some traiments.

Iacidewce

In SUS at Ambo 1990, rust incdence reached 11s highest level
{819 in trentment 0. Dhiferences betw een treatiments were sig-
mificant ab ali stages of crop developwent «Table 21 In RES
rust ncidence never exceeded 2%, The wrend in RES wus
similar to thatin Sl exceptlon the magninde of the differences
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Table 2

Cross-sectional analvsis of effects of treatments on LAL incidence. sevenity. density. and pustule size. Ambo. 1990

Varnuance ratio values at GS=

Source of - - - - — T
Varables varlation Vi Rz Ré R7A R7B R&1 R¥2 REA RY
LAI Culuvuars 14.0 1~ ns n- 6.4 8.1 19.4 94 259
Treauments 2.6 n- 5.0 194 16.0 19 0 218 233 19.7
1 4.1 n-~ ns It ns 3.4 1.0 4.7 27
Incidence Culuvars 237 353 136.7 67.1 §2.7 987 198.0 68 4 10.1
Treatments .4 2 137.1 74.3 77.5 104.6 64.3 203 6.6
T 139 9.3 6.2 36.0 44.2 43.5 15.3 8.8 31
Seventy-UCH Cultivars n- 50 117.32 15.7 19.7 0.0 13.9 — —
’ Treatments e IR 651 572 23 16.6 12.7 — —
T n~ n- 16.2 14.1 60 79 6.7 — —_
-MC Culnvars ns 8.2 ns 16.3 10 6 — — — —
Treatments 174 160 1i.6 16.5 74 — — — —
T ns n- ns 29 ns — — — —
-LC Cultivars ns ns ns - — _ .
Treatments 6.0 4.0 49 — — — — — —
T ns ns 5.3 — — — — _ _
Densiny-UC Culuvars N ns 8.7 25 210 10,0 ns — -
Treatments > 6.0 36.6 R 293 8.6 16.0 — —
T s 13 94 9K 10.1 6.0 5.0 — —
-MC Cultivars 1> ns 10.3 92 9.6 — — — _
Treatments 2003 17.2 16.0 10.7 7.1 — — — —
T s ns R kR 4.5 — — - .
-LC Culuvars ny s s — - — — — —
Treatments 13§ 2" 27 — - — — — -
T ns s 3l — — _ _ _ _
Size-UC Culuvars ns I~ ns ns ns ns ns —-- —
Treatments ns s 14.2 9.8 17.3 129 138 16.4 —
T ns 24 4.4 ns ns ns 53 — —
MO Cultivars N n~ ns ns ns _ - _
Treatments 20.0 Ak 9" 13.0 8.2 - — — —
=T n ns 35 ns s — — — -
-LC Cultnars s ns ns - — — — _
Treatments s 20 114 - — — — - _
T 32 ns 27 - — — — — .
“ns = not significant. — = not determuned. all others significant at P < 0.05

"UC = Lipper canopy Lyer: MC = muddle canops layver: LC = lower canopy laver.

between treatments. In Debre Zeit 1991. differences between
treatments of SUS were not quite as large as in Ambo 1990,
Significant differences were obtained between R3 and R7A
(Table 3).

At Ambo 1990. interaction effects between cultivar and treat-
ment (C*T) were large and consistent. At Debre Zeit 1991 the
block effect. significant in 4 cut of 8 cases. was largest at the
earlier growth stages.

Rust severity

Upper canopy layer

For SUS. rust severity reached a maximum of 55% at Ambo
1990, and of 15 at Debre Zeit 1991, 1t R7B in treatment 0.
In Ambo. differences between treatments, significant from RS
onwards. were highest at R6 (Table 2). For RES. rust devel-
opment reached a maximum of 15 in treatment 0 at Ambo,

and significant differences between the control and sprayed
treatments were obtained at R7 and R8. At Ambo there was
o block effect but a significant C*T interaction was found
from R6 onwards. At Debre Zeit (SUS), differences between
treatments were significant at R7B and R81 (Table 3). Block
effects were consistently significant.

Middle canopy laver

In SUS. rust severity reached a maximum of 50 at R7 for
treatment (. In RES the highest rust level (18) was found at R6.
Differences between treatments in RES were significant from
V4 to R7B. Significant differences between cultivars were
observed at R5, R7A and R7B at Ambo. The only C*T inter-
action effect. observed at R7A. was highly significant. At Debre
Zeit. treatment differences were significant at R6, R7B and R81.
Block effects were more common in Debre Zeit than in Ambo.
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Tabie 3

Cross-seconal gpabvss of offects of teestments an leal aren index. incudences, severitly, <Jensity.

and pustuls size, Diebre Zubt, 1991

Varunce ralig valnes at G8 =

Variables
Vi RS RS R7A R7B R¥1 R¥2Z RY3 K9
LAl EIRY 37 113 16.8 238 130 LERS) ity 3.4
[acidence ns 9.2 [ R1} 7.2 s it e - —
Seversy- U7 e — ns 15 7.6 6.5 _— - —
MO - ns 39 ns 174 270 — e e
<L 44 82 ng ns e — e -
Densiy-UC e fs :0 mne 164 - — -
-MC — s %1 8.3 iZ6 188 - -— -
-L¢ L i by ne - - - — -
Size-1IC — — 1N i e b - —
-MC - us 16.7 i3 1.9 1.8 - e -
4.0 3 .54 4.1 My o — — _
Ay = 10t signeficant, — = net determned: oll other wigmiticant at P £ 063

LT w Upper cunopy innen MO = maddle canopy Loers LC = lower canopy faver

Lowmer canam lver

Rt severiiy dechned as the season progressed. For the control
plots of SUS, rust seventy devreased from 0 o 5 In Ambo,
anly three assevsments were done on the lower canopy laver 4»
feises begen 1o drop at R7A. Trends in SUS and RES were
sirilar, Despite low disease vaiues. differences betwesn treat-
rents remained sigotficant. At R6 CFT interaction was sig-
mficant {Tuble 21, in Pebre Zel significant differences betwesn
rrequments were obtained af B3 and R6 (Table 33

Pastule density

L pper canopy layer

Numbers of pustuies reached 4 maxunum of 230 pustules per
feat for trenmmznt 0, In Ambo. differences between trantments
were sgnifican from RS o R The trend remuned the same
for both cultroars, buen 585 densiy was highest and variaton
Between treatrnnls was grontest. In SUS 1 Debre Zeit, despiie
sigmificait differsnces (R, R8) berween trearments. deasity was
raifier jon. tol sveeeding 60 pustudes per leat.

LY

PRT
Y

Middle canopy lazer

fu SL'S ut Ambo. the pustube density Jid not exceed 130 in
widdle capopy aver. AL Vd, puvtule density was slready 3 per
leut tor treutment & b RES pustule dersity was fow throughout
the season and differences wmony reatments were smail but
stenificant, begimmg ai V4. A sigtient CFT interaction was
found at Ré and R7, In Debre 2ol wreatment effects remained
significant after R6 with highest differences ut R7B and R8L

Lawer canops b

Runi was fiest wbserved in the lower canopy luyer. As the evop
developed, feares warh pustuies were removed from the mtection
process by normad feaf drop and mean pustule deasity was
reduced. For SL S and RES in Ambo. difforences begsgen traid-
menly were serdicant with sgmfiennt CFT interuction at R
Iy Debre Zei. the results were similar and differences between
greaiments were stgnificant.

B0
54
E 4,78
O
L axe
=
e
0 -
r;j 2.25-
: e
o0 B
4 -3 H
Spray  frequenciss
" s Cmes

Flg. 1 Effect of spray treatmems an pusiule size, Ambo, 1990, s BT\,
Drata solues are mean of unper, middle and botiam cunom lser. Black
cotumisn, SUS, white columms. RES, Eagh wolumm s the meun of six
repicatiom

Pustule size

Upper czaop: aer

In 1990 at Ambo ditferences in wize of pusiules ameng the
treatments 1 o show at RS Differences among trealiments
were strong o Ro 1o RS, The trend was similur for both culti-
vars. Differences between treatinents were larger in SUS than
1 RES iFig. 13 For SUS i Debre Zow differences between
treatments were signtficant after R7.

Degy

Middle canops faxee

When bean crops were not spraved with fungicides. pustule
sige continued ro increase, Differences bela een tenimenis were
sigmificant atter V4 in Ambo. 1990, and after B& in Debre Zait
1991, In Ambo. 2 significant C*T inleraction was found at R6.

Lower canupy faver

Fr most eazes. the data sere coilected onls three umes due to
fust deloliation, Al spray treatments resulted 1n o vedyced s
tule size. As the crop developed. reduction of pustide wize was
continuous for a1} spray lreatments. Treatment € resulted 16 a
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large pustule size, especially in SUS. In RES, differences
between treatments were significant at R6.

Other diseases

Severity of other diseases. mainky common bacterial blight.
anthracnose and ascochvia blight did not exeeed 11% in any
treatment. Differences between treatments were non-significant
except at R6 and R7 in the upper canopy layer. The trends were
simmilar for the two culuvars, Disease intensity increased from
upper to lower canopy lavers.

Dead tissae

In almost all cases {except the middle canopy laver at RJ in
Ambo and the upper canopy kayer at RE and the middle canopy
layer at R7B in Debre Zeit) differences between treatments
were non-significant {P < 0.08). In the upper canopy layer dead
tissue did not exceed 10% while in the middle canopy layer it
ranged between 10 and 13 for SUS and 12 to 24 for RES. In
the lower canopy layer dead tissue values were up te 30,

Yield and vield components

Seed yield

In Ambo {Fig. 2A), seed yield varied from 24 gm~7 10 136 g
m~*in SUS and from 153 gm ™ te 218 g m~"in RES. In Debre
Zeis in SUS {Fig. JA), values ranged from 106 gm0 186 ¢
m . The range between the highest and lowest vield value was
132 g m~* for SUS and 65 g m™" for RES. suggesting an
interaction effect of sprav treatments and cultivars, Close exam-
ination of the graphs {Figs 2A, 3A) shows that the interaction
effect is largely due to treatment § where no spray resulted in a
significantly lower vield for SUS. When the disease pressure
was jow, as in Debre Zeit, the range in SUS was only 80 g m*
Differences between cultivars and treavments were significant.
In Ambeo, a significant C*T interaction was found (data not
shown).

Seed weight

Spray treatmenis increased seed weight in both cultivars, but
the effects were shight, Differences between trealments were
significant. Seed weight ranged from 125 mg for treatiment 0 1o
130 mg for treatment 4 in SUS and from 130 mg to 147 mg in
RES (Fig. 2B}. The range of variaton for SUS {23 mg) was
farger than for RES {17 mg). In Debre Zeit, seed weight of $UIS
ranged between 124 me and 136 me (Fig. 3B}

Seeds per pod

Seeds per pod ranged berween 3.3 for 4.0 for SUS and 4.1 1o
4.7 for RES in Ambo, and 3.5 10 4.1 for SUS in Debre Zeit. In
Ambo, there were sigmificant difierences between cultivars (Figs
20, 3C). Differences avgong treatmenits in both Ambo and
Drebre Zeit were small except for the differences between
spraved and non-sprayed.

Pods per plant

In SUS. pods per plant ranged from 2.5 10 11.8 in Ambo and
11.8 to 20,0 in Debre Zeit {Fig. 23} In RES. at Amby, the
range was between HL9 and 15.9 (Fig. 303, Differences between
cultivars and treatments were large tn Ambo. Significant C*T
interactions were found, Jocated mainly in the contrast between
spraved and unsprayed plots of SUS.

Correlations between parameters for yust assessment

Table 4 provides corretation coefficients (£} for the relationships
between the various beaa rust parameters. For SUS in Ambo,
the r values mcreased as the crop developed, being iow at V4
and R3 and high at R7 and RE Highest correlations { >0.85)
were found between rust severity and pustule density at R7A-
RE1. For RES the relationships were relatively low and unre-
iated to plant development. The r vatues were highest at RS fDI'
pustule density and mcidence or rust severity.
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Tuble 4
Linear correlation coefficients r between rust parameters®
CGrrowth
Stage Location Yaur {ul IN-RS® IN-PD IN-PS RS-PD RS-PS PD-PS
V4 Ambo 199 SUS ns 0.47 0,64 (.36 ns 3.5
RS s (.39 470 0.69 4.7 (.59
Ré 0.63 455 3.76 077 9.74 3.68
R7TA 0.7 0.83 085 GRe 0,79 184
R7B 4,79 0.84 .79 (.93 ¢.81 0.7z
224} .76 0.82 (.14 (.88 0.8z (.75
v RES s 077 0.73 ns 0.46 (.63
R5 8.7 0.87 .79 3.36 39 .63
R& as 033 8.7 s 933 (.63
RIA 0.54 342 .68 s s s
7B 0.63 0.36 0.61 4.50 (.33 384
R8I ns 0.38 (.53 ng ns .65
RE Dz 1991 SUS (35.42 ns 4.43 (63 .36 0.52
Ra .44 053 ns A 3.38 a4
RTA .49 033 s HES 037 )
’R7B 0 ns 439 182 .32 s
R&! ns ns ns (163 a5 1y

‘number of plogs 1o test correlation = 3017 treutments by 6 replications),

MM = rust iheidence; RS = rust severitv: PD = postule density; PS = pustule size: Loe = jocation; Cul = cultivar

“pg = not significant; 1 values = 0 36 signifcant at P £ .05
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Table §

Linear corrglation coeffcients between LAG and pods per plant 1PPL seeds per pod (5P). seed warght (SW1 and seed vield (8Y)

A, 1990 Debre Zew, 1991
SUS RES RIS
Growth stage PP 5P W SY Py 8P 3Ly 5Y PP 8P SW Y
V4 041" ns ns (.49 G4y 0.41 ne G 51 ns ns ns 6.4
R3 .41 15 1% [ER3H 4.7 ne s 0,83 s N FH 0.36
Ré G.54 as ns (.34 (&9 4.47 ns 0171 1 i ns 0.52
BUA 4.75 1S 47 a73 o8] ns 043 {132 (.55 1% ns 70
R7B 4.86 ns & 41 082 76 ns {1,532 0.61 045 i as 73
RE-i (186 .42 £ A 093 165 s % 0.6 {168 ng {835 {1635
R8.2 091 .46 .36 03,83 {3 80 m ns 0.8 .67 ns s 0.71
RB-3 .36 58 0.54 §.8" (3 88 ns (.48 (.83 0.72 {52 (.66 0.81
Re {184 .54 053 .50 %1 [T 042 {1.69 0.59 0,52 8,59 0.48

‘sumber of plots 1@ lest correlation = 3¢ (3 reatments by 6 replations).

Prg e pot significant: r value 2 636 sgmificant at P g 9,05

In Debre Zeit. high r values were oblained betwesn rust
severity and pustule density at R7A-RB1. In Debre Zeit, cor-
relations between incidence and other parameters were poor
compared 1o Ambo, especially after R7B. This 15 under-
standable since in Debre Zeit differences between treatments
were not significant after R7B. as opposed to Ambo where they
remained significant at all growth stages.

Correlations between leal ares index and components of yield

Leaf area index (LAI amd pods per plant

The correlations berween LAI and pods per plant were always
positive {Table 51 and attained high levels between R7B and
R%. For RES in Ambo and SUS in Debre Zeait, the coeflicients
were lower than m 5US Ambe. The developmental trend
remained the same sinee high r values were found after 2 R7B.
The highest values were always found at RE. For SUS in Debre
Zeit, results were significant from R7A onwards. with lngh rat
the end of RE.

Leaf srea index and seeds per pod

The correlations between LAT and seeds per pod were waak,
especially between V4 und R7/E for SUS and lacked 2 devel-
pomental trend for RES in Ambo. Aler R7B. especially for
SUS in Ambo, the relationship became stronger but r did not
gxceed 0.58,

Leof area index and seed weight

In 3US in Ambo. the correlation between LAJ and seed weight
became stronger as the crop developed with 4 maximum of
r=0.56 at R¥ and RY. The » values were generally lower for
RES than for SUS. Owverall the relationship was weak, In SUS
i [xbre Zeit and RES in Ambo the relationship did not follow
any pattern of erop development.

Leaf avea index and seed vield

The r values were generaily high [or the correlation between
LAlL and seed yield, ingreasing with developmental stage. The
trend was the same in all experiments. The highest » values
{=0.85) were Oblained at RR for SUs and RES in Ambo.

Correlations between rust and components of vield
Rust incikdence and visld components

For all parameters (daty not shown; vartation among cultivars.
locations and growth stages was high. For rust incidence and

seed yield. r values ranged between —6.38 and ~0.71 for SUUS
m Ambo and Debre Zeit. With RES. the r value was significant
{P = 0.05) only at RB1. For SUS r peaked at R7B,

A similar and consistent result was obtuined for incidence
and seed weight for SUS in Ambo. The relationship was sig-
nificant at all growth stages with high » values at RE. In SUS
1 Debre Zeit significance was found only a1t R7 and early R&.
At both locations r poaked at R7 and RE. For RES results
lacked comnsistency. though significance was obtained 4t RS 1o
RE. The r vaiues were generally lower for incidence and seeds
per pod. ranging between 0,38 and — (.65, For RES in Ambo.
r was higher for incidence and seeds per pod than for incidence
and seed yield. or incidence and seed werght. and » peaked at
R7-RE.

High r values were obtained for the correlation of incidence
and pods per plant. ranging between —0.37 and ~(0.79. in
SUS at Ambo, r was significan? at alt growth stages wath little
variation. In Debre Zeit the » values were significant at R3-R7.
For KES the carrelations of incidence with seeds per pod and
pods per plant were better than with sced vield and seed weight.
Differences in the relationship between location andsor year
were common and variations were large for RES 5 Ambe and
SLUS in Debre Zet.

Rust severity and vield componemts

The correlatton cocfficients for rust severitv and seed vield
showed variation amoeng cultivars., growth stages, locations.
and canopy layers {Tahle 6), For SUS in Ambo. r was significant
at almost all growth stages with peak values a1t R7. In Debre
Zeit. r was significant at R&-R% for ali three canopy lavers. For
RES. the relationship was weaker, with 2 significant r only in
the upper canopy laver at R,

The situation was similar for correlation between rust severity
and seed weight relalionships. In Debre Zeit. the r values were
stromger at R7TB-RE1 in the upper canopy and middle canopy
layers. In RES, sigmficant » vaiues were obuined only in the
upper canopy laver at R7A, middle canopy laver at RS and Ré,
and lower canopy layer at RS,

As 1o the correlations of rust severity and seeds per pod »
was rarely significant in SUS in Ambo. In Debre Zeit, r was
significant at most growth stages in the upper canopy and
middle canopy layers. For RES, no consistent trend was found
but significance was attained occasionally,

The correlations were better for rust severity and pods per
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Table &

Linear correlation coclficients” between rust severity and yvield paramerers

Ambo, 199 Debre Zeaut, 1991
|U% RES SUS

Leaf fayer  ©rowth stage sy* W 5P Py 8y W SP PP 8Y Sw SP PP

L RS as” ns s s 18 ny -G48 as — — — -
R& i3 Bl (50 03 —~0.57 ns ns -~ (004 0437 ns ns ns ns
R7A —~ 66 —~0.64 ns —3.73 -0.41 ~038% 037 {52 ns —-0.3% ~543 ns
R7B ~0.64 064 ns —-3.69 ns ns ns ns -3 05 0355 0355
RE1 -0.60 {67 s - {).87 as ns i3 as w043 —3353 046 —0.59
RE2 -361 0064 B3 071 — {41 ns ns 1,472 — oo e o
£43 —~0.52  ~0.68 Bs ~80 041 ns —-0.59 045 — — - -

MO ]S (.62 (33 as - .69 ns ~ (143 ns —~0.39 03 ns ns ns
R6 ns —{0.34 ns —{).18 Fit - (3.43 ns —{0.43 —0.42 ns —13.40 ns
R7A w343 0,39 0t —-0.54 ns ne ns —~(1.37 (.40 ns (335 ns
R7B —L63  ~{.63 ns —{.76 ns 15 ns ~(39 075 040 —(054 —832
R31 —-0.5%  ~(1.54 ns —.38 ns ns ns ns -3 5% —0.63 038

L RS -8.53 ~036 044 049 ns —5.55 ns ns ns ns ns ns
R6 — .42 ns ns -3 38 nsg ns —0.65 —043 040 ns ns na
RTA ~033 -643 s 062  ms n$ ns as —0.53  ns ns 082
R7B o o — — e e o — —(0.4% ns ns (148

‘number of plois to test correlafion = 10 {3 treatments by & replications).

"ns = nol sigmfigant — = not determined: r value > 0.36 sigmficant at P g 0.05.

UL s ypper canopy laver. MC = middle canopy layer, LC = lower canopy layer.

plant. especially in 3US in Ambo, » being significant in most  Diiscussion

cases. High r values were obtained at R7 in all leaf lavers.
In Debre Zeit. the result was simidar bur with fewer cases of
signticance. For RES. rust severity was significantly correlated
with pods per plant in the middle canopy layer. In the upper
canopy layer, results indicated fack of consistency with the
development of the ¢rop.

Pustile density, pustale size and vield componests

The correlations between pustule density or pustule size and
vield components followed the general trend of rust severity
and vield relationships and thus were not considered in detail.

Correlations ameny vield components

Significant relationships between the vield components were
found (Table 7). except for seeds per pod and seed weight. »
vilues were consistently higher for pods per plant and seed vield
relationships. Bean vield is determined by its components,

SY = PPYSP*SwW

where 8Y = seed yield, PP = pods per plant, SP = seeds per pod
and SW = seed weight. A simple linear regression of 5Y with
the product of PP, SP and W gave the following equations.
= (.92

SY,. = 0494096, .: R’

§Y, = 113+6095,,.: R®=090

[8]
In a multiple regression analysis. where 3Y was regressed o
the individual vield components, with or without two-way and
ynres-way interactions. the complex equations did not result in
a significantly higher R* than the simple equations shown above.

Spray treatments
£rrop growth amd disease

The objective of the spray treatments was not disease control
per se. but the generation of epidernics at different severity
tevels. This objective was nttained. Oxycarboxin has no direct
effect on the physiology of the host plunt (Newby and Tweedy,
[973: Pring and Richmond, 1976). Spray treatments influsnced
rust intensity. and therewith, indirectly leaf area index. The
magnitude of effects varied with location, cultivar, canopy layer
and parameter. Spray effects on other diseases and dead tssue
were nealigibie.

Leaf area mdex was most affected after pod formation. Rust,
measured by either incidence. severity, pustule density or pus-
tule size. varied with spray {reguencies. Incidence was found
most sensitive since differences were significant at ail growih
stages. whereas the impact of spraving on severity and pusiule
density nas larger after flowering than during vegerative devel-
opment.

Differences between cultivars wers common for LAL inci-
dence. severity, and pusiule density but not for pustule size.
Rust epidemics began at an early stage. and the bean crop
pontinued 1o produce new leaves. hence it is not surprsing to
see great differences between treatments tor incidence from an
early developmental stage onward as opposed to rust severity
and pusinie density. Spray tfreatments produced the highest
vanations at pod initiation and seed flling, regardless of the
parameters assessed,

In most cases (LA incidence, severity, pustule density}), there
15 & strong cuitivar by treatment {C*T) interaction, sironger in
SUS than in RES, suggestng a differential reaction to rust
intensity ut different levels of {partial) resistunce. This is not
uncommon as Lim and Gaunt {1986) suggested for the spring
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Table 7
Correlaiion matrices” of pods per plant {PPL seeds per pod (8P} seed weight (SWrand seed yvield
£5Y
Yeur Location Cuhivar PP sP SW SY
op 1940 Ambe SUS 3.00
sp 051" 180
SW .54 ns .o
5Y .90 L34 0.5¥ [RE]
PP RES 100
5P s Lo
Sw .46 0% 140
5Y (L8] 13 (.38 Kt
Py 1541 Dichire Zeat SU8 £ 00
sp .56 £ 00
W 0.60 ns 100
8Y 0.7% 045 0.5% 1.06

*number of piats 1o test correlation = 3313 reauments by 6 replvations),
by = potsignificant: r value = 0.36 sienifigunt at P« 0.05

barley-ieal rust pathosysten. The resuli supports the suggestion
to combine pzrual resistance with adeguate fungicide man-
agement (Zadoks, 1989, 1993). but for bean production in Ethi-
opiz one has 10 be cavtious in recommending fungicides. The
componenis of disease mapagement bevond partial resistance
are probabiy cuhural (intercropping. cultivar mixtures. sowing
dates).

Canopy lavers
Distinctiar beinesn leal lavers produced inieresting results.
The lower leaves died carly. Treatment effects at the lower
canopy laver were not as strong as i the upper canepy and
middle canopy lavers. bul remained significant in most cases.
Cultivar by treziment inieraction was absent at the lower can-
opy laver mainly due to lack of differences berween cultivars,
Rust began 1o develop on the lower canony laver and increased
and moved upwards as the crop developed. Rust intensity
seemed to decline at the lower layer because of removal (Zadoks
and Schemn, 1979) by dearh of primary pustules and subseguent
appeatange of many bul significantly smalter pustules,
Moreover. leaves at lower canopy layver senesced and dropped
early. Effects of early epidemics on lower leaves were reported
by Rouse et al. {1980}, Kolbe (1982) and by Lim and Gaunt
{1986}, Tnr legumes, it is not always clear which nodes contribute
most 1o vield (Wadill & al.. 1984: Debouck, 19911 Rust in
Phaseolus beans. if it comes early, will most often affect the
primary and the first trifeliolate leaves whicl later become the
lower leaves, The facy that rust was first ohserved in the lower
leaves muake these leaves epidemiologically important, despite
low incidence and early removal from the infection process.
This is of parucular importance to any rust contrel strategy.
The loss of leaves m the lower canopy laver per se may not
affect vield significantly but nfection at this stage acts as a
source of inoculum for the upper canopy layers, suggesting the
apprepriateness of managing bean rust gt this garly stage.

Vield comporents

Yield depends on climate, production situation. cultivar, patho-
gen and disease severity {Zadoks and Schein, 1979; Daamen.
1989; Savary and Zadoks, 1992a.b). Analysis of disease effects
on vield should include analysis of vield components to obtain

a balanced view of their effects on final vield and ther relation-
ships. Some of these vield componens were studied in the
present report

Epidemics affected seed vield. seed weight. seeds per pod and
pods per plant. There was variation in the degree of response
{Fig. 41, as seed vield and pads per plant were more affected
thar seeds per pod and seed weight. SUS was alwavs more
sensitive to spray treatment than RES. suggesting a larger effect
of spravs in susceptible cultivars.

Dnsease eflects on legumes include reduction of attainable
number of planty. pods per plant. seeds per pod. seed weight
and seed vield The effects on the yield components and seed
vield depend on the pathosvstem. Wilkams (1975, 19781 and
Rapwood et al. {1983} showed tha! rust {Ureniyces vicio-fzhae)
of fabu bean mainly affected seed weight und chocolate spot
{Borryy fabaey mamly pods per plant. In our study pods per
plant was niost affected.

The present report suggests the importance of rust in com-
mon bean, gspeciaily when a susceptible cultivar is attacked
early. Rust is endemic in Ethiopia. especialiy in the Rift Valley
and the seuthern provinces, where an outbreak of rust in com-
bination with wide-spread cultivation of a susceptible cultivar
can be devastating. The vield advantage obtained by applying
fungicides frequently shows the damage potential of bean rust.
but the experimental results also indicate that even mimimum
chemical treatment could produce economic benefits, The use
of fungicides in Ethiopia is influenced by the gvailability and
cost of chemicals, avalabilaty of spravers and water. and the
value of the crop (cash or consumptionl.

Relationships

Rust assessment parameters

Since disease assessment is laborious. bean breeders and exten.
sion specialists want a simple method sulting their needs. Cor-
refations between the rust parameters incidence. severity,
pustule density and pustule size depended on cultivar. iocation
and leaf Jayer, Higher correlation coefficients were abtained for
susceplible than for partially resistant cultivars, and r values
were better al Ambo, where disease pressure was higher than
at-Debre Zeit. Linear correlations become more significant with
larger ranges of rust intensities,
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Fig & Yield components in relative values Yield values as percet of
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There are conBlicting reports on relanonships of incidence
and severity. The incidence-severity retationship may vary with
season and leaf laver {James and Shih, 1973} with location but
not with season {Chuang and Jeger, 1957}, und with environ-
mental factors {imhoff et al., 1982). At high discasc levels, the
relationship between incidence and severity becomes undefined
{Zadoks. 1983). The relationship between rust assessment par-
ameters is extremely variable. A choice has to be made accord-
ing o objectives. For bean breeders, rust severtly may be more
attractive, For epidemiological purposes, rust severity and pus-
fule density are more appropriaie. Extension speciulists, who
may have to deal with several crops and with discases and
insects wimultuneously, muy wish 1o select the simplest {inci-
denced. which may be less accurate for evaluating bean rust.

Leaf aren index and yield components
LAL s an important determinant of seed yield in the common
beps. LA was more closely related to pods per plant than to

seed weight and seeds per pod, The correlations between LAL-
pods per plant and LAl-seed yield varied with growth stage
rather than with cultivar and location. The » values were larger
at the later stages of crop development. This is understandable
as differences in LAT between treatments were greatest after
pod formation. The r vahies for LAbseeds per pod and LAL
seed weight depended on location and caltivar,

Rust and yield paraweters

Correlations between rust and vield purameters were affected
by cultivars, growth stages, canopy layers and locations, No
clear trend was visible. Relationships of rust parameters with
seed yield or pods per plant were glways better than with seed
weight or seed per pod. especially for SUS at Ambo. The
refationships were not greatly affected by the devetopment of
the crop but varied with location. The strong relationship for
seed yield and pods per plant at all growth stages and canopy
layers regardless of the rust parameter used. suggests the
importance of all stages and canopy ayers in any further epi-
demiciogical studies. The point will be elaborated in g sub-
sequent paper.

Yield components

In dry beans the principal componenis of yield are pods per
plant, seads per pod, und seed wesght {Adams. 1967). Our data
suggest o strong correlation between pods per plant and seed
vield. Barly attack by rust may have affected the number of
Howers, Bean rust at an carly stage affects growth and devel-
apment of leaves and thus the production of Aowers and finally.
the pod number. The effect of rust on abortion and pod fifling
could be partly due fo the shortening of the pod-filling peniod
by defoliation, The sugeesuon of Stone und Pedigo (1974}, that
the pod fAlling stage was the most sensitive (o defoliation and
subsequent loss of photosynthesis, explams the strong relation-
ship berween pods per plant and seed vield. The sirong cor-
relation between pods per plant and seed yield under different
sonditions {focation. cultivar and growth stages) tustraces the
overriding importance of rust attack «f an ewrly stage and its
subsequent influence on the number of flowers,
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Abstract

Phaseolus bean cultivars, obtained from the Ethiopian national breeding programme, and cuitivars widely grown
in the country, 15 in total, were tested in a greenhouse for five components of partial resistance to one isolate
of bean rust. The single-pustule 1solate came from Ambo, a site where bean lines are tested against rust because
the climate is conducive to bean rust. The components examined inciude latent period (LPsg). infection efficiency
(IE). sporulation capacity (8C). infectious period (1P} and pustule size (PS8}, Differences in cuitivar responses were
found for all PR components, Differences were larzest. however, for infection efficiency and sporulation capacity.
Cultivars Exrico 23, A 176, Veracruz 10 and BAT 1198 had a lngh level of PR 10 the 1solale tested. Mexican 142,
a widely grown cultivar in Ethiopia was intermediate, whereas Red Wolaita, an important cultivar in the south,
showed a low level of PR, Linear correlations between LPsp and IE, and between SC and PS were high. Linear
correlations between IE, SC, or PS with IP were not significant. Though differences in cullivar response were
found for all components, any one parameter may not suffice 1o expiain the PR potential of a particular cultivar,
The study suggests that latent period, infection efficiency and pustule size should be used in selection for PR. For
the evaluation of Jarge numbers of bean cultivars in the greenhouse, 1E and PS are preferable to minimize tabour
requirements.

Introduction a reduced epidemic build-up of a pathogen despite a

susceptible infection type (Parleviietr, 1981), can be

Comimon beans (Phaseolus valgaris L.} differ wideiy
in their susceptibility to bean rust {Ballentyne, 197%;
Coyne and Schusten, 1975, Fromme and Wingard,
1921). Genetic studies in beans have suggested most
Tust resistance to be monogenic {Christ and Groth,
1982; Grafion et ab., 1985; Stavely, 1984, Webster
and Atinsworth, 1988; Zaumeyer and Harter, 1941}
Because of the ability of the bean rust fungus to adapt
10 new bean cultivars with monogenic resistance (high
variability in terms of pathogenicity), the effectiveness
of race-specific resistance is only temporary (Beebe
ang! Pastor Corrales, 1991). Attention therefore shifted
to a race non-specific type of resistance, partial resis-
tance. Partial resistance (PR), a resistance that causes

expressed at different phases during the life cycle of a
pathogen {Zadoks and Schein, 1979).

Simulated epidemics and experimental investiga-
ticns suggest latent period to be the most important
component of partial resistance in determining the rate
of epidemic build-up (Parlevlier and van Onumeren,
1975, Zadoks, 1972} Infection frequency. sporula-
tion capacity, pustule size and sporulation period were
also used as estimates of partial resistance in sever-
al pathosystemns {Mehta and Zadoks, 1970; Parlevliet,
1975; Parieviier and Kuiper, 1977; Shaner and Hess,
1978; Suatler and Parleviiet, 1987). In the bean-rust
pathosystem (Statler and McVey, 1987), no differences
in latent period betwesn cultivars were found, but the
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number of pustules per unit area and the number of
spares per pustule were associated with levels of par-
tial resistance,

For a variable pathogen, in terms of pathogenici-
ty. such as Uromyces appendiculatus (Pers.) Ung. of
beans, selection for higher levels of PR might be a
good alternative to selection for specific resistance, at
least when PR is not race-specific and/or monogenic
{Turkenstesn, 1973). Selection for PR is not always
casy because ihe expression of PR varies according
to environmental factors (Zadoks and Schein, 1979).
For a better understanding of the interactions between
host and pathogen it is essential 1o evaluate compo-
neats of PR. For application in a breeding programme
one or two of the components have to be selected. In
the bean-rust pathosystem this paper addresses the fol-
towing: which components should be used for disease
screening programmes and can we detect ditferences
in the level of resistance among bean cultivars found in
the advanced stages of the breeding programme with
respect 1o the components of partial resistance and, if
so. which component(s) is (are)} the most effective and
reliabie in determining PR of rust in beans?

Materials and methods
Experimenial design

The fifteen bean cultivars used for this experiment orig-
inated from the bean improvement programme of the
Institute of Agricultural Rescarch, Nazareth, Ethiopia,
of which Red Wolaita and Mexican 142 are widely-
arown cultivars, Exrico 23 (Awash) and A 176 {Roba)
were recently released and Brown Speckled is a stan-
dard check in the harge kidney bean trial, Bean plants
were grown in a sterilized soil {sandy loam soil rep-
resenting the soil type in the Rift Valley) in 15 cm
diameter pots in the gresnhouse at the MNazareth Agri-
culturad Research Centre. The plants were grown at
about 23 = 3 °C during day time and {5+ 3 °C at
night. As the experiment was conducted in the dry sea-
son, light was not a limiting factor. No fertilizer was
applied.

Two separate experiments were cartied out, one
for determining latent period, infection efficiency and
pustule size, and the other for determining sporulation
capacity and infectious period. Bach experiment was
pertformed three times in sequence (blocks), each time
with four replications {subblocks). Per subbiock, each
cultivar was represeated by one pot, four plants per pot,

and pots were randomized within subblocks. Assess-
ments were made on two of the four plants, two leaves
per plant.

Inocuiation

All cultivars were inoculated with urediniospores of a
single-pustule isolate at the primary leaf stage, 10~
12 days after sowing. The isclate originared from
Ambo, where the relatively cool and moist climate
is conducive to bean rust, Inoculation was carried
out by spraying suspengions with about 2 x 10¢
urediniospores mi~! over both sides of the primary
bean leaves. Microscope slides greased slightly with
Vaseline” ™ were placed horizontaily near the plants to
check the resulting spore density (spores cm™ 2}, After
inoculagion, atf plants were placed in a near-saturated
atmosphere. Twenty-four hours afier the deposition of
spores, plants were returned to a bench in the green-
kouse where they remained for the duration of the
experiment.

Progress curve

Numbers of pustules per cultivar were counted daily
once white flecks had been observed. The change in
number of pustules with time was plotted 1o see varia-
tion among cultivars,

Latent period and infection efficiency

The latent periods were calculated by counting the
number of visible pustules every day until no more
pustules appeared (Pardeviiet, 1973} Latent period,
LPsy, was ealculated as the time in days between inoc-
uiation and the moment at which 30% pustules were
open. The infection efficiency (IE). the ratio between
the number of resulting pustules and the number of
spores applied, both per unit area (Zadoks and Schein,
1879}, was determined by counting the number of pus-
tules per umit leaf area (sum of the upper and lower
surfaces) of the leaves about |5 days after inoculation.
For both parameters counts were made on 2 x 2 om?
area.

Sporulation capacity and infections period

Sporulation capacity (SC, weight of spores produced
per umit area) and infectious period (IP. period in days
from the appearance of the first open pustule until
the end of sporulation) were determined per cultivar,
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Tahbie {. Latent period {LPg. Y. infoction efficiency {1E), sporulation capac-
ity {5C), infecuous penod (1P and pustile size (P5) of primary ieaves of
14 cultivars, inoculated with a bean rust isolate from Ambo

Cultivars L¥s, 1B &C H PS

[CA 15441 9da 254 (342l 2762 4 {
Jakseo 33 960 3bed 122 14.64 6.{m
Red Wolaita G4z 3.5hc O076cd 1524 50b

Brown Speckicd 9.7a

KY Woader 765 &7
Piacol Calima G Habs
Mexiwan 142 985ab
UsS#3 9.9ab
Mexico 6 10.1ah
COW 10.2ak
BAT £198 13.7ah
Veracruz 10 1145
Bxrico 23 {Awash:  17.0¢
A 76 (Roba) LRG0

3% 0.538eF 1524 5.0b
5.4a £44de 24.3b 5.0b
254 $88cd 2752 40
2.9¢d 053de  236b 3.5cd
34be 0.50de  215bc 3.5cd
2ad O8ide 2158 40c
36be  04Tde 1554  3.5cd
08ef Qg 196c 2.5
1.2 D.19fg 224k 3.0de
02 04 1444 2352
0.If f.04z 15.0d 2.5e

Culiivar means within coch component followed by the same kener are not

significanthy diffarent aop < 005

Spores were collected every 3 days (until no more
sporulation occurred) by means of a spore collector,
beginning the first day of sporulation. Spores were col-
lected from two areas of 4 cm?, one at either side of the

leaf. The data were converted to mg spores cm™ -

Pustule 5ize

Pustule size (P8} was assessed when itreached its max-
imum, at about 14 days after inoculation for most of the
cultivars, according to the scale of Stavely et al,, 1983
{1 = no visible symptoms, 2 = secrotic spots without
sporulation, 3 = diameter of sporulating pustule < 304
gy, 4 = 300-500 gem, 5 = 500-800 pum and 6 = > 8§00
#mk

Statistical analysis

All data were subjected to ANOVA and mean values
were separated by LSD at p < 0.05.

Results

Data compaction

Each experiment was performed 3 times sequential-
Iy (blocks), with 4 replications {subblocks) per time.

Since no significant differences were found between
blocks and subblocks, data were averaged over repli-
cations and times.

Progress curves for pustule production

In some cultivars minute, raised, white flecks appeared
on both sides of the leaves about 7 to 8 days after inoe-
ulation. A day or two later the epidermis ruptured and
reddish brown coloured sporulating pustules appeared,
All cultivars showed asymptotically sigmoeidal curves
(Fig. 1), except BAT 338-lc which was immune to
the Ambo isolate. In most cultivars a maximum was
reached asympiotically 15 days after inocuolation but
about 24 days for Exrico 23 and A 176. The cultivars
can be grouped, £x post facto, inte four classes. Group
1 is represented by KY Wonder 763, group 2 by Brown
speckied, Red Wolaita and Mexican 142, group 3 by
Veracruz 10, and group 4 by Exrico 23. The other lines
are not shown to avoid blurring the picture.

Laten: period

LPsg, varied between 9.4 days for ICA 15441 and 186
days for A 176 (Table 1). The cultivars can be grouped
into 3 LPsy classes {Fig. 2). Most cultivars are in group
1 with latent periods ranging from 9.4 10 9.9 days. In
group 2 are Mexico 6, CSW, BAT 1198 and Veracruz
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Table 2. Correlation mamn of latent
period {L.Pg}, infection efficiency (1€
sporalation capacity (S0, infectious
pertod (1P and pustule size (PS). Num-
her of observations {Table 1) = 14. p
< 005 Enuies are linear comrelation
coefficients

LPqy IE ¢ WP

e -074

5C 062 082

113 -043  nas ns

PS -062 077 GBS ns

10 with an LPsp between 10.1 and 11.4 days. In group
Jare A 176 und Exrico 23 with an LPsg of 17 .0 or moze

days.
Infection efficiency

IE varied between 0.0% for A 176 10 5.4% for KY
Wonder 765 (Table 1}. IE was below 1% for A 176,
BAT 1198 and Exrico 23, berween 1 and 2% for Ver-
acruz 10, 2-3% for 4 cultivars and greater than 3% for
the remainder. Differences in IE were mainly due to
the small numbers of pustules observed in A 176, BAT
1198 and Exrico 23.

Sporulation capacity

Total amount of spores prodoced during one infec-
tion cycle varied between 0.04 mg cm™? for A 176 to
1.12 mg em™? for Jalisco 33 {Table 1}. Total amount
of spores produced was high for Jalisco 33 apd Red
Wolaita, moderate for Mexican 142, Dhacol Calima
and Mexico 6, and low for A 176, Exrico 23 and BAT
1198

Infectious period

Infectious period varied considerably (Table ). Six
varieties had a short [P in the range 14~16 days, where-
as the rematnder had 20 days or more. The longest IPs
(> 27 days) were found with Diacol Calima and ICA
15441,

39

Pustule size

Pustule size, classified in micrometers, shows variation
between cultivars (Table 1}. Pustule sizes were small
(< 3.0 pm) for cultivars A 176, BAT 1198, Exrico
23 and Vera Cruz 10, small-medium (3.1-4.0 um) for
ICA 15441, CSW, Mexican 142, Mexico 6 and US # 3,
large (4.1-5.0 um) for Brown speckled, KY 765 and
Red Wolaita, and very large {>> 5.0 gm) for Jalisco
33

Relationships between the pr components

All paired correlations (Table 2) between LP IE, 5C
and P35 were significant and relarively high. Howeyv.
er, correlations of IP with these parameters were not
significant with the single exception of [P with LP.

Discussion
Cantext

Partial resistance is usually supposed to be polygenie,
manageable by breeders, and durable {e.g. Lamberti et
al.. 1983; Jacobs and Parlevliet, 1992). In some cases,
however, PR is monogenic (Turkensteen, 19737 and
thus liable to be overcome by a new and adapted phys-
iologic race. The genetic background of the resistance
in the varieties tested here is not known. When grown
widely, some lines such as Exrico 23 and A 176 could
possibly exert such a high selection pressure on the
rust that new and adapted races might appear. Selec-
tion for the bighest possible partial resistance could be
risky.

The experiments reported were designed 1o repre-
sent Ethiopian conditions. An array of varieties, used
in the Ethiopian breeding programme, was tested. The
widely grown coltivars Mexican 142 and Red Wolai-
ta were included for comparison. Due o constraints
imposed by technical, financial and political factors
only one rust isclate could be tested. Thouogh it came
from Ambo, the breeders’ testing site for rust resis-
tance, its representativeness cannot be guaranteed. In
fact, unpublished results supggest that the Ethiopian
bean rust population is rather diverse. No fertilizer was
applied s it is ot recommended for beans. The soil
type (sandy loam) used represents the soils of the bean
growing area in the Rift Valiey.

The experimeat was monocyclic, testing young
plants in a greenhouse with a single isolate, at Jow soil
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fertility level. Thus, its results cannot be generalized.
Rather, they should be considered as a methedological
excercise, in the wake of the pioneer study by Fromme
and Wingard published in 1921,

Variaiions in components

Latent perioa, infection efficiency, sporulation capac-
ity, infectious period and pustule size are impor-
@nt components of partial resistance. Zadoks (1972)
demonstrated the importance of iatent period by means
of dynamic simulation. In experiments, latent peri-
aod was found to be an important component in some
pathosystems {Parlevliet, 1575; Neervoort and Par-
leviiet, 1978, Savary et al, 1988), among which
the bean rust pathosystem (Fromme and Wingard,
1921 10-15 days). In other pathosystems (Statler
and McVey, 1987, Roumen, 1993} no important dif-
ferences in LP were found, among which bean-rust
(Statler and McVey, 1987), Inthe 15 cultivars of beans
siudied here. unportant differences in latent period
were tound. The differences were largely due to two
cultivars, A 176 and Bxrico 23, with latent periods
exceeding 16 days. The difference between groups 1
and 2 is roughly one day. 11 the beon season is 90 days
and the rust seazon is 80 days {primary leaf infected),
the rustcan complete Bcyeles ingroup 1 and 7 eycles in
group 2, with muitiplications up to 10% and 107, respec-
tively. The use of g partially-resistant cultivarin an area
of arigin couid play an important role in reducing the
amount of rust inoculum migrating to other parts of the
country, Exrico 23 and A 176, in group 3, are newly
released cultivars tested under a wide range of environ-
mental conditions in Ethiopia. Despite their suscepti-
bility to anthracnose (Habty, unpublished), limiting
wider acceptance, they showed a high level of partial
resistance ta bean rost at afl test sites. Collaborative
activities, erther in the area of regional rust norsenes
or beun vield regional trials, currently ongoing in East-
ern Africa, should help to determine the performance
of these cultivars under varying chimatic conditions.
Differences in infection efficiency among cultivass
were found in most pathosysterns studied (Groth and
Urs. 1982; Ahn and Gu, 1982; Parleviiet and Kuiper,
1976: Statler and McVey, 1987; Roumen, 1993). Qur
study aise supports such findings. Sperulation capacity
was highly correlated with partial resistance in the field
{Aust et al.. 19%4; Neervoort and Parleviiet, 1977}
Small pustule size was assoctated with slow rusting of
wheat (Ohm and Shaner, 19767 and high partial resis-
tance in beans {Statler and MceVey, 1987) In our study

cultivars A 176 and Exrico 23, with long latent periods,
fow infection efficiencies and low sporulation capaci-
ties had small pustules. BAT 1198 and Vera Cruz 10
had somewhat shorter [atent periods but were otherwise
similar

This study has indicated wide differences between
cultivars in five components of partial resistance. Ideal-
ly, a high degree of resistance implies long latent peri-
od, fow mfection efficiency, low sporulating capacity,
short infectious period and small pustule size. Exrico
23 and A 176 seem to possess such ideal character-
istics, closely followed by BAT 1198 and Vera Cruz
14

Conversely, a highly susceptible cultivar will have
a short latent period, high infection efficiency, high
sporulation capacity, long infectious period and large
pustule size. OfF the 15 cultivars tested none showed
such characteristics, Mexican [42, the widely grown
cultivar, showed a moderate infection efficiency. Red
Wolaita, the most dominant cultivar in southern
Ethiopia. showed a high infection efficiency. Note that
Mexican 142 is in the higher intermediate category if
all components are considered. In a crop loss study
(Habtu and Zadoks. 1993), where Mexican 142 wag
used as a susceptible check, a sesd vield loss of up
to 85% was obtained. This difference could be due to
a high damage potential expressed by Mexican 142
Oae cultivar could be more susceptible to damage than
another,

Correfation of components

The relationships between the components are not
considered to be high, 0.B5 being the highest r
obtained). This is probably due to mutual compen-
sation (Yarwood, 1961; Zadoks and Schein, 1979) of
PR components. For sach component, except maybe
IP, variations among coltivars @re gradual. Neverthe-
less, practically every par of cultivars has at least one
component with a sipnmbicant difference, the two most
resistant cultivars (Exrico 23 and A 176) excepted,
Dietermination of PR 15 laborious and also senxitive
to eavironmental conditions. The expression of par-
tial resistance is complex and so is its measurement
{Zadoks, 1972; Roumen, 1993}, depending on envi-
ronmental factors (Imhoff et al., 1982). The differ-
ences between culrivars for the various components
may point to a race-non-specific type of resistance
{Shaik, 198353, which is often believed 1o be durable
{Parleviier and Zadoks, 1977, Parlevliet, 1993).



Without genetic anakysis of the varieties, exposing
them to many phenotypicaily different rust 1solates.
nothing definile can be said about the genetic basis
of PR and its durability. The significant correlations
between various components of PR could even point
o oligogenic PR. If so, its durability becomes ques-
tionable.

Reiative importance of conponents

Any one parameter may not suffice to explain the PR
potential of a particular cuitivar, Qur resuit suggests the
inclusion of latent period, infection efficiency and pus-
tule size in the selection for partial resistance. Deter-
mination of latent period is time-consuming. For the
evaluation of Jarge numbers of bean cultivars in the
greenhouse, infection efficiency and pustule size are
preferable 1o minimize labour. As pustule size and
sporulation capacity are strongly correlated there is no
need to inciude the latter for screening purposes. Infec-
tious period showed poor correlation with other com-
ponents and should thus be handied with care, Severely
infected leaves dropped early, before spore production
came to en end. Small pustules can continue to pro-
duce spores for a long period and nonetheless have Jow
sporulation. These results underline the importance of
testing for PR components at low infection density for
a better expression of PR, as suggested carlier {Par-
levliet. 1976).

Research implications

Because of the different responses of cultivars for the
different parameters it is unlikely to find one measure
representative for all components. The result suggest
differences, however small, in all the components stud-
ied. For polycychic disesses such as rust {Parievlier,
1975; Zadoks and Schein, 1979), even small differ-
ences as found here may benefit integrated bean rust
management. The existence of such differences in all
parameters provides possibilities to identify PR cul-
tivars at an early stage in the Ethiopian national bean
breeding scheme. Before drawing far-reaching conclu-
sions, studies need o be made (i) on the relationship
between componem response in a monocychic study
on seedling leaves and polycyclic disease progress in
the ficld on adult plants, (1) corredation between com-
ponent response at seedling and adult plant stages, (i)
correlation between component response and disease
progress in the field, and (iv) testing a range of PR cul-
tivars with various rust genotypes {Habtu and Girma,

$

unpublished) prevalent in Ethiopia and, eventuaily. in
East Alrica.
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Focus expansion of bean rust in cultivar mixtures

BABTU ASSEFA*, F. VAN DEN BOSCH" and 1. C. ZADOKS

Department of Phyvtopathology, Wageningen Agriculturdd University, P.O. Box 8025, 6700 EE
Wageningen, The Netherlands and * Depariment of Mathematics, Wageningen Agricultural University,
Dreifeniaan 4, 6703 HA Wageningen, The Netherlands

Radial expansion of foci in migtures of susceptible and resistant bean cultivars was studied at two sites
in Ethiopia. The foci expanded in a wave-like fashion. At Ambo (19990}, radial expansion velocity
ranged from §om per day in mixtures with 20% susceptible plants to 15am per day in plots with the
susceptible plants only. At Debre Zeit, the velocity ranged from 3cm per day in a mixture with 20%
susceptible plants to 16cm per day in plots with 100% susceptible plants. At both sites the radial
expansion velocily of foci correlated lincarly with the logarithm of the fraction of susceptible plants in
the mixture. Velocities of focus expansion at Ambe and Debre Zeit were approximately equal in plots
consisting of susceptible plants only. At lower proportions of susceptible plants the velocities at Debre
Zeit were lower than at Ambo. Indications were given as to the environmental factors responsible for
the observed difference between sites. At each site, the variation between plots showed a clear spatial

pattern, probably due o environmental factors,

INTRODUCTION

Muodernization of agricultural practice has
resulted in a drastic decline in inter- and intea-
specific crop diversity. The widespread use of
single resistance genes over large areas led 1o an
increase in the frequency and intensity of
epidemics (Zadoks & Schein, 197% Mundt,
198%). Alternative approaches for the manage-
ment of diseases and disease resistance genes,
such as mixed populations {Borlaug, 1958).
intercropping {(Van Rheenen ¢f g/, 1981} and
inter- and intra-specific diversity {Jensen, 1952;
Zadoks, 1938, 1959; Groenewegen & Zadoks,
1979; Wolfe, 1985), were suggested.

The use of varietal mixtores and their potential
to controt diseases and stahilize vield have been
extensively studied. The effectiveness of varietal
mixtures in reducing the rate of disease progress
was established both experimentally {Zadoks,
1958; Barrett, 1978; Jeger er al., 1983; Panse ot
al., 1989; Pyndji & Trutmaen, 1992) and by
computer sitaulation (Kampmeijer & Zadoks,
1977. Mundt & lLeonard, 1986; Mundt et al.,
1986). The rate of diseasc propress can be
measured by the velocity of focus expansion

*Permuanent address: Institute of  Agricultural
Research, Nazareth Research Centre, PO, Box 436,
Nazareth, Ethiopia.

{Minogue & Fry, 1983a, 1983b; Van den Bosch 1
al., 1988a, [988b, [988¢c). Focal expansion
reaches 2 constant velocity, after an initial
phase of foeus build-up {Kampmeijer &
Zadoks, 1977). Factors such as level of resist-
ance, genetic heterogeneity, plant density, tem-
perature, wind and siochasticity of spore
dispersal can influence the velocity of focus
expansion. as was ilustrated experimentally
(Buiel e &f, 1289), analytically {Minogue &
Fry, 1983a, 1983b; Van den Bosch e af, 1990;
Van den Bosch, 1993} and by computer simula-
tion (Zadoks & Kampmeijer, 1977 Zawolek,
198%; Zawokk & Zadoks, 1992).

Van den Bosch er ol (198%) developed &
madel to describe the relationship between the
velocity of focus expansion, ¢, and the propor-
tion of susceptible plants in a mixture, £, They
showed that

c= A+ Bln{f) (0

The velocity of focus expansion, ¢, increases
Hipearly with the logarithin of the proportion of
susceptible plants in a mixture, /. The purpose of
the present study is 1o examine this relationship
for bean rust {Uromyces appendicudaius), in
mixtures of resistant and susceptible common
bean  (Phaseofus vulgaris) cultivars, in two
different environments.
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MATERIALS AND METHODS

The experiment was conducted during the main
crop growing seasons (June {o October) in the
research stations of the Phytopathological
Laboratory at Ambo (1990) and the Institute of
Agricultural Research at Debre Zeit (1991),
Ethiopia. The two locations represent two
different environments. Ambo (2150 metres
above sea-level), representing the higher alti-
tudes, has more rainy days, more coud cover,
less yadiation, cooler nights and higher rust
pressure than Debre Zeit (1830 metres above
sea-jevel), which represents the imtermediate
altitudes.

Experimental design

The experiment was carried out in a 5 x § latin
square design. The plot size was 4m x 4m. Each
plot was surrounded by a strip 24m wide
planted with wheat. There were five treatments
with the mixing proportions of 1:3 {twice, one
ireatment as a control without a focus and the
other one with feces), 1:1, 1:2 and 1:4
susceptible (Mexican 142) to resistant {Negro
Mecentral} plants. Seeds of the susceptible and
resistant cultivass were mixed manually. From
this mixture one seed at a time was drawn
randomly and placed along the row at a distance
of 10 e¢m between seeds. Each plot consisted of 10
rows of bean plants, planted with a distance of
40 ocm between rows. One row of resistant beans
was planted around each plot to reduce interplot
interference,

Establishment of infected plants

Four seeds of the susceptible bean cullivar were
sown along with the fest seeds at the centre of
sach plot. At sbout 3 wreks after sowing, in four
of the five treatments, two of the fcur plants were
removed and the remaining planis were inocu-
fated with rust suspensions o establish the focl.
Incculated plants were covered with plasoc bags
for 24 i to ensure conditions of Ligh humidhy for
infection. A plot planted with only the suscep-
tible cultivar was left uninocalated to serve as a
control

Ohservations

Observation grids {made of plastic string} with
grid cells of 0-46 ;. x (-40 m were placed over the
plots, with the imoculated plants in the cents..]

4

n
T

Natura! logarithm of the
number of pustules
% o
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A

0 50 100 150 200
Digtance from focal cantre {em)

Fig. 1. Focus development of bean rust in cultivar
mixtures, The natural logarithm of the number of
pustules is plotted against distance from the focal
centre in ¢m. Parallel lines are fittad at four successive
dates: (W}, 10 days after inocalation (DAI), day 0; {3,
17 DAL day 7; (@), 24 DAL, day 14; (O), 31 DAL day
FiR

cell. Thus each plot was divided into 160 cells.
The development of the fool was monitored
weekly by counting the number of open pustules
wer grid cell. The numbers of pustules were
counted on three trifoliclate leaves at the third,
fifth and ninth leafl positions {from the top),
representing the top, middle and bottom canopy
layers, respectively. When the number of pus-
tules per leafl exceeded 50, the numbers were
estimated in intervals of ten. To prevent cross-
infection between plots during observation, the
boots and hcads of observers were cleaned
bofore enterin @ the next experimental pliot. The
observations continued until the bean plants
reached foll maturity, althovgh the leaves were
still green. Data were expressed as the mean
number of “ustules per leaf and per grid cell for
each plot, r for averaging over the three canopy
iayers.

Voloclty of focus expansion

The rate of socus expansion was large compared
to the plot size used. This implies “hat the area
within which disease severity exceeded a chosen
va.ue increased from zero to more than the plot
area withia 1 to 15 weeks e such sitwations the
arez met' ¢ of Van den Boah ef & (1990}
canmot be used, We therefi ¢ applied the
gradigr.. method described by Buiel er al
{198%% Using the observaticy grid, the average
nambe of pustules was calcwiated at distances of
26, 60, 00, 148 and 180cm “om the focal centre.
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Fig. 2. Focus development of bean rust in cultivar
mixtures. The distance in om of a disease gradient in
Fig. I from the first disease gradient is plotted agamnst
timi in days. The radial velocity of focus expansion per
plot was cakulated from the strmght line. Dots
represent successive observations.

These averages were based on a variable number
of grid cells, Theoretically, the tail of the disease
profile is exponential. For cach plot the loga-
rithm of the number of pustules was plotted as a
function of the distance from the focal centre
{Fig. 1). Parallel straight lines were fitted using
the program STATGRAPHICS (Statistical Graphics
Corporation, 1986}, From these lines the
horizontal distance travelled by the disease
profile was measured relative 1o the first
observation datz. Plotting these distances as a
function of time (Fig. 2° gave a straight line from
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which the wvelocity of focus espansion was
cajculated.

RESULTS

Beans at Debre Zeit grew more vigorously and
matured earlier than those at Ambo. The bean
rust  gpidemics originating from  the point
sources, established by incculation, continued
to intensify and expand throughout the growing
season at both locations. Disease intensity at and
near the focal centres was higher at Ambo than at
Debre Zeit. At Debre Zeit, due to waterlogging
of some plots in one of the replications, only four
replications were used in the analvsis, The rust
infection in the control plots was aegligible, and
therefore we did not adjust the data for
interference by inoculum from ontside sources.
Velocity of Focus expansion was plotted as a
function of the natural logarithm of the fraction
of susceptible plants {Fig. 31 The velocity of
focus expansion at Ambo ranged from 6om to
18¢myday, and for Debre Zeit from Jcom to
t6emfday. The velocity of focus expansion, c,
showed variation between plots (wide scattering
of dots) and within plots (high standard devia-
tions), The fitted line for Debre Zeit was steeper
than that for Ambo. The calculated probabitny
that the two lines had the same slope was
P = (08, In plows with susceptible plants only
{ f = 1), the velocities, ¢, did not differ between
loeations. When Jhe fraction of susceptible plants

{a}

201

Valocity of focus expansion, ¢ {crmvday)

(B} {
s

633 0§ 10

0-5 6

02
Froporion susceptible plants (7} log scals

4-33

Fig. 3. The velocity F focus expansion, ¢, 254 £ nction of the proporton of susceptible plants, £, m the experimental
pleta. Dots represent observed ¢ values {mea s per plot), vertical Bars represent their standard deviations. Data
points ar scatiered slightly in the hovizontal di =ctiud to svoid obscuring data points in similar positions. The drawn
{ine is fitted accordire < Egquation L. {a) Amh s, {b) Debs S 2ic
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Oebre Zeit, 1991

Fig. 4. Positions of bean plots. The signs at ¢ach plot indicate whether the numerical values of the observed velocity
of focus expansion, r, are larger {4} or swaller {~) than the values calculated by Equation 1. {0) = non-inoculaied

control

was low ( f = 0-2), the velogity, ¢, at Debre Zeit
was smaller than that at Ambo, The agreement
between the «hserved datz and the model was
reasonablz For both locati ms

The spatial arrgngement of the plots is shown
in Fig. 4, The sigos indicate whi ther the observed
velocity is larger (4) or smaller (~) than the
velogity calculated from the fitted Hnes. The
clustering of positive and negative signs in the
ficld is noticeable. At Ambo {1990}, most of the
negative signs are clustered in the west of the field
as indicated by the broken curve. At Debre Zeit
£1991), most of the negative signs are located in
the south-eastern section of the field,

DISCUSSION

In this paper we showed the velocity of focus
expansion, ¢, w0 be proportional to the logarithm
of the fraction of susceptible plants in the
mixture, [, as predicted by the model of Var
den Bosch er af. (1988ch There are, however,
clear variations between and within expetiments.
In the following discussion we suggest possible
explanations for these variations.

There were within-plot variations. The sequen-
tial observations as plotted in Fig. 2 show
variation around the regression line which can
be expressed in terms of a standard deviation.
Figure 3 shows that these within-piot standard
deviations are relatively high, suggesting high
carinbility of ¢ in time. Is calculating the focus

expansion velocity, ¢, two methods, the area
method (Var den Bosch ef g/, 1990} and the
gradiont method (Buiel ¢r o/, 1989), can be used.
Studies made on cereal rusts indicated that
standard deviations in the gradient method,
which was rather sensitive to the presence of
daughter fool and background noise, were much
larger than those in the area method. The arga
method 13 generally recommended for caloulating
¢, but for relatively small plot sizes, as in this
study, it was not applicable,

Variabitity between plots of similar experimenis
was evident, suggesting systematic differences
between plots. Differences berweesn plots can be
caused by several factors, inchuding wind speed
and direction, experimental position relative to
ditches, waterlogaing, the presence or absence of
trees in the surrounding areas, etc. Wind
influences the speed and shape of epidemics
{Gregory, 1973; Okubo, 1980; Zawolek, 1993).
During  the crop-growing season (June to
Ggiobery the prevailing wind direction was
south-west. Figure 4 shows no obvious relation-
ship between the wind direction and the + or —
signs. The differences in velocity of focus
expansion between plots within focatiens did
not depend on wind direction. The experiment at
Ambo was surrounded by tall trees on the west
side and up-hills on the south, and the
experiment at Debre Zeit was in an open field
We were unable to explain rhe spatial variation
observed at the two focations in terms of field
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environment. Both fields had a light slope and
the spatial distribution of the signs rather
corresponded with the direction of the slope of
the fields.

The most hkely explanation of the sign clusters
was 2 gradient in the experimental ficld created
gither by waterlogging (Debre Zait) or by eroston
{Ambao) due to water. Both could result in low
svailability of nutrients, mainly N, to the plant,
in Debre Zeit at the lower end of the field, and in
Ambo at the upper cnd. Several studies suggest
an increase in rust and mildew diseases is
associated with increasing application of nitro-
gen fertilizers (Nazim ef af., 1982, Jenkyn ef af,
1983; Leich er af., 1987). At low M concentra-
tions, biotrophic fungl such as rust develop
poorly (Zadoks & Schein, 1979}, which would
result in lower values of «. Systematic differences
between plots resulting in variation in ¢ have also
been observed in other studies (Van den Bosch er
al., 1990).

The difference in siope between the regression
lines of Fig. 3 may be explained by variation in
environmental conditions. Differences in velocity
between locations could arise from variations in
crop growth, wind speed, turbulence, periods of
leaf wetness, etc. At low f the velovity e 1s higher
at Ambo than at Debre Zeit, but at high / the
velocity is about equal

Van den Bosch ef ol {1988¢) showed that the
velovity of focus expansion is proportional to the
logarithm of the fraction of susceptible plants.
The Formula does not give insight into the
dependence of the velocity on parameters other
than the fraction of susceptible plants in the
mixture. The difference between the two experi-
ments, in the slope of the regression lines relating
focus expansion velocity to the logarithm of the
fraction of susceptible plamis, can only be
attributed to the effect of other parameters.
Thus, the formoula of Van den Bosch & o/
{1988¢) must be extended.

Consider a line source paraliel 1o the froat of
the focus. The number of pustules produced by
this line source at a distance x from this source Is

11 1
X} = 4Sof —=exp| Vi~ |xl| (D)
N(‘C} '-Y‘S(]f \/igcxp fglj'-] L f

where « is the standard deviation of the disiance
of daughier lesions from the line source, f 18 the
proportion of susceptible plants in the mixture,
and ~+5, is the net reproductive number of the
discase {¥an den Bosch er of., 19903, This net
reproductive nmnnber is the total number of

daughter lesions produced by one mother lesion
during the whole course of its life #f it s
continuously surrounded only by susceptible
plants. Define the effective distance, X, as the
distznce bevond which N{x) decreases below a
certain number, x. Then

Lo St
for= G 2 &

The effective distance is a measure of the
distance travelled by the focal front in one
peneration, Therefore the velocity of focus
expansion s proportional to the effective
distance

Xer

= i {4
¢= (4)
where 7 Is the geperation time. Rearrangement
of Equation 3 leads to

c= B+ A.aln(?%) +Aotalf)  (5)

where

and ¢ is the velocity of Focus expansion. Since
both the generation time, 7, and the parameter
are undetermined, then A and B can be treated as
arbitrary pararmeters.

For plots consisting of susceptible plants only,
£ = 1. This implics

c=B+ Aoia(""—%) 8
\ 73

Using these formulae we can find an explanation
for the observed differences in the slope of the
regression lines in Fig. 3. Weather conditions are
much more favourable for infection and spora-
lation at Ambo than at Debre Zeit. Favourable
temperature and dependable rain resulting in
long periods of wetness lead to a higher nes
reproduction rate, 4.5y, for Ambo than for Debe =
Zeit. Increasing wetness periods may increase
germinahility of rust spores {(Imho#, 1981
Prolonged periods of rain can also reduce tha
dispersa! of the urediniospores, which is esser-
ually dependent on wind {Amonm e/ af, 1994}
The experimental field at Ambo was partly
bordered by bigh earth walls and tall trees,
which reduced the effects of wind and turbulence
and thus alse reduced ¢ in Ambo more than in
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Diebre Zeit. Such interacting conditions could
result in akmost gqual velogities for f = | at the
two locations (Equation 8), yet at the same time
resuit in different slopes of the regression lines in
Fig. 3. The standard deviation of the distance
travelled by spores at Ambo is smaller than that
at Debre Zeit,

fra < oy, as argued above,

Low g results in sinall slopes and high o results in
large slopes {Equation 33 We conclude that the
differences io stopes at the two siles might be
explained by differences in environmental factors.

The potential of cultivar mixtures for reducing
foliar fungal disease has been extensively studied
i cereals (Jeger e of., 1983; Mundt & Leonard,
1986a; Buiel er af.. 1989, Van den Bosch el i,
1998} and in beans (Mundt & Leonard, 1986h;
Panse er ol 1989; Pyndji & Tratmann, 1992). On
the basis of the results obtained from replicated
facal epidemics in fwo locations, we conclude
that cultivar mixtures have potential for reducing
foligr fungal discases in beans as well. Farmers
grow cultivar mixtures for different purposes
{Clawson, 1985). The disease suppressive poten-
tizl may b ne reason why farmers in Ethiopia
used cultiar mixtures (Westphal, 1974; Institute
of Agricuitital Research, 19913, Thus, as part of
integrated crop and diseass management, tradi-
tional Ethiopian farmers can benefit more by
supplementing rust resistance cultivars in their
cultivar mixture strategy. We alse conclude that
both at Ambo and at Debre Zeit radial
expansion of bean rust epidemics in bean
cultivar mixtures originating from a point
source was proportional (o the logarithm of the
proportion of suscepiible plants in the mixture,
as deseribed by Van den Bosch er af. (1988¢), We
belies., that more can be gained by incorporating
other parameters such as wind, canopy (LAL or
LAD), leaf wetness duration or a measure of
partial resistance into the model.
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