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This paper was presented at a symposium on disease management through cultural practices held during 
the annual meeting of the Canadian Phytopathological Society, Edmonton. Alberta, July 31-August 3, 1994. 

A review of four comprehensive sources of information reveals that cultural practices, i.e. practices not employing host resistance, 
pesticides, or specific biological control agents, are important to the management of all of the 50 principal diseases of common 
bean (Phaseolus vulgaris) and essential to the control of 40. Thirty-one groups of cultural practices contribute to the control of 
bean diseases. The practices most frequently recommended are rotation, pathogen-free seed, weed control, and tillage. The num
ber of cultural practices recommended per disease ranges from 1 to 15. Several precepts relating to the development and rational 
use of cultural practices in bean disease control are derived from this quantitative analysis. Control of diseases through cultural 
practices is essential to sustainable bean health. 

Hall, R., and L.C.B. Nasser. 1996. Practice and precept in cultural management of bean diseases. Can. J. Plant Pathol. 18:176-185. 

Une examination de quatre sources compréhensives d'information démontre que les pratiques culturales, c'est-a-dire des pratiques 
qui ne dependent pas de la resistance de l'hote plante, des pesticides ou des agents spécifiques de lutte biologique, se révèlent 
importantes a la lutte contre toutes des 50 maladies principales du haricot commun (Phaseolus vulgaris) et essentielles pour en 
contróler 40. Trente et un groupes de pratiques culturales contribuent au controle des maladies du haricot. On recommande le plus 
souvent la rotation, les semences exemptes d'agents pathogènes, le controle des mauvaises herbes et le labour. Le nombre de pra
tiques culturales recommandées par maladie s'échelonne de 1 a 15. On retire de cette analyse quantitative des principes ayant trait 
au développement et a l'usage raisonné des pratiques culturales pour le controle des maladies du haricot, pratiques qui s'avèrent 
essentielles au maintien d'un état de santé du haricot. 

This review examines the role of cultural practices in 
managing diseases of the common bean (Phaseolus 
vulgaris L.). Worldwide, the crop is affected by at 
least 50 infectious diseases caused by 29 fungi, four 
bacteria, 14 viruses, two groups of nematodes (root 
knot and lesion) and one mycoplasmalike organism 
(MLO) (Table 1). Two recent books provide detailed 
accounts of the control of bean diseases (Hall 1991, 
Schwartz & Pastor-Corrales 1989), and two recent 
treatments of cultural control of plant disease refer 
extensively to the bean plant (Palti 1981, Thurston 
1992). Since an exhaustive review is not possible 
here, information from these four publications is used 
to illustrate the range of practices and to draw conclu
sions regarding the importance of cultural practices 
for managing bean diseases. According to these 
works, 33 groups of practices are used to control bean 
diseases (Table 2). General comments on the control 
of bean diseases and statements of fact made in this 
review without a specific citation are based on these 
collections of observations and recommendations. 
Experiences of the authors in Ontario and Brazil are 
also used to illustrate certain points. It is recognized 
that recommendations may vary according to loca
tion. Certain practices fall under the headings of 
genetic resistance in the plant and chemical control; 
the remaining 31 groups of practices are referred to 
here as cultural practices. 

Genetic resistance of bean to disease is moderately 
to highly important for controlling 14 fungi, 10 virus
es, and root knot nematodes. Highly effective resis
tance is available for three fungal diseases (angular 
leaf spot, anthracnose, and rust) and six viral diseases 
(bean common mosaic, bean pod mottle, bean rugose 
mosaic, bean yellow mosaic, clover yellow vein, and 
peanut mottle), but may not be used in all regions. 
Chemical control is moderately to highly important 
for 15 fungi, four bacteria, and five viruses, but by 
itself provides satisfactory control for only one fungal 
disease (seed decay) and one viral disease (bean curly 
dwarf mosaic). Specific biological control agents are 
not widely available for any bean pathogen. 

Cultural practices 
Cultural practices are essential to the management 

of most bean pathogens, including 25 fungi, eight 
viruses, and all bacteria, nematodes, and MLOs. In 
declining order of the number of diseases for which 
they are effective, cultural practices to control bean 
diseases take account of rotation, pathogen-free seed, 
weed control, tillage, multiple cropping, drainage, 
plant spacing, removal of bean debris, separation of 
crops, seeding date, soil fertility, soil organic matter, 
removal of volunteer bean plants, restricted move
ment in the field, soil temperature, harvest date, clean 
fallow, mulch, soil pH, plant architecture, flooding, 
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Table 2. Number of fungal, bacterial, nematode, viral, and MLO diseases of common bean for which genetic resistance, chemicals, or 
cultural practices are currently important components of disease control and primary target of control practice 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 

Practice 
Rotation 
Resistance 
Chemical 
Pathogen-free seed 
Weed control 
Tillage 
Multiple cropping 
Drainage 
Plant spacing 
Bean debris 
Crop separation 
Seeding date 
Soil fertility 
Soil organic matter 
Volunteer bean 
Movement in field 
Soil temperature 
Harvest date 
Clean fallow 
Mulch 
Soil pH 
Plant architecture 
Flooding 
Soil test 
Row direction 
Irrigation 
Storage 
Cover crop 
Roguing 
Barrier 
Seed moisture 
Trap crop 
Seeding depth 

Fungus 
25 
14 
15 
9 
4 

12 
7 

10 
9 
5 
0 
3 
6 
6 
1 
1 
5 
4 
1 
2 
3 
3 
1 
2 
2 
2 
2 
0 
1 
1 
1 
0 
1 

Bacterium 

4 
0 
4 
4 
4 
2 
2 
0 
0 
4 
1 
0 
0 
0 
4 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

Pathogen 

Nematode 
2 
1 
0 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
0 

Virus 

1 
10 
5 
4 
5 
0 
3 
0 
0 
0 
7 
4 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 

MLO 

1 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

Total 
33 
25 
24 
17 
16 
16 
12 
10 
9 
9 
9 
8 
6 
6 
5 
5 
5 
4 
3 
3 
3 
3 
3 
2 
2 
2 
2 
2 
2 
1 
1 
1 
1 

Pathogen 

+ 
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

Primary 
Plant 

+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
+ 
-
-
+ 
+ 
-
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
-
-
-
-
+ 

target 
Environment 

+ 
-
+ 
-
+ 
+ 
+ 
+ 
+ 
-
-
+ 
+ 
+ 
-
-
+ 
+ 
+ 
+ 
+ 
+ 
+ 
-
+ 
+ 
+ 
+ 
-
-
-
-
+ 

Information from Hall (1991), Paid (1981), Schwartz & Pastor-Corrales (1989), Thurston (1992). 

soil test, row direction, irrigation, storage conditions, 
cover crops, roguing, barriers, seed moisture, trap 
crops, and seeding depth (Table 2). In this review we 
consider how these factors, individually or in concert, 
contribute to the control of bean diseases. The prac
tices are considered in an order that reflects the series 
of decisions made by a grower before, during, and 
after crop growth. 

Crop rotation. Robertson and Frazier (1978) 
emphasized the importance of an organized cropping 
system for bean production. It has been suggested that 
beans should not be grown more than once in three 
years (Palti 1981). One reason for this view is that crop 
rotation is the most powerful and the most frequently 
recommended cultural practice for controlling bean 
diseases. It is moderately to highly effective for 33 of 
50 bean diseases, including most diseases caused by 
fungi, all caused by nematodes and bacteria, and 
"machismo" caused by an MLO. Apart from cucumber 
mosaic, it has not been recommended for viral dis
eases. Nor has it been specifically recommended to 

control Pythium spp., Macrophomina phaseolina, 
Trichothecium roseum, and a sterile basidiomycete 
causing stem rot. The first three fungi have wide host 
ranges and the fourth is not well understood. 

Rotation affects plant disease by its impact on 
pathogen populations in a field and on a broad range 
of biological, chemical, and physical characteristics 
of soil (Palti 1981). Effects of rotation on pathogen 
populations in a field can be taken as an example. 
Rotation is highly effective in reducing populations 
in soil of specialized pathogens of bean such as 
Fusarium solani f. sp. phaseoli (Hall & Phillips 
1992) and is therefore recommended to control fusar
ium root rot. However, the population density of this 
pathogen can be maintained at low levels in the rhi-
zosphere of nonsusceptible crops such as tomato, let
tuce, and corn (Schroth & Hendrix 1962). Similarly, 
populations of F. oxysporum f. sp. phaseoli can be 
maintained in soil by the symptomless host sweet 
potato (Hendrix & Nielsen 1958). Rotation has also 
been recommended to control unspecialized 
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pathogens such as Sclerotinia sclerotiorum and 
Botrytis cinerea. The effectiveness of rotation sug
gests that it reduces the population density of some 
unspecialized pathogens in the field and that disease 
produced by these pathogens can result largely from 
inoculum produced within the field. Evidence for the 
importance of locally produced inoculum by unspe
cialized pathogens has been presented for white mold 
(Boland & Hall 1988). Rotation can therefore be used 
to manage populations of specialized and unspecial
ized pathogens in a field. A wide range of symp
tomatic and nonsymptomatic hosts, while favouring 
the presence of the pathogen in the field, does not 
necessarily preclude the use of rotation. 

Cover crop. Rotation with antagonistic crops such 
as marigold (Tagetes spp.) and other members of the 
Compositae is recommended to control nematodes 
and is currently under active investigation (Potter & 
Olthof 1993). The mechanisms are not well under
stood but may involve the release of toxic chemicals 
from the roots of the cover crop. 

Soil test. Testing soil before seeding for its root rot 
potential has been recommended for root rot caused 
by Aphanomyces euteiches f. sp. phaseoli (Kobriger 
& Hagedorn 1983) and F. solani f. sp. phaseoli 
(McFadden et al. 1989) and would probably be useful 
for root rots caused by other fungi such as 
Rhizoctonia solani, Thielaviopsis basicola, and 
Pythium spp. The root rot potential of a field can be 
estimated from the severity of root rot in plants 
grown in samples of the soil in a controlled environ
ment or from the density of pathogen populations in 
the soil. Soils suppressive to fusarium wilt caused by 
F. oxysporum f. sp. phaseoli have been described 
(Burke 1965, Furuya et al. 1979). 

Soil pH. The optimum pH range for bean produc
tivity is 6.5-7.0 (Robertson & Frazier 1978). Highly 
acid soils, commonly found in tropical and subtropi
cal areas, lead to sulphur and phosphorus deficiency, 
and aluminum and manganese toxicity, and should be 
limed before bean production. Acid soils also favour 
southern blight; the optimum pH range for germina
tion of sclerotia of Sclerotium rolfsii is 2.6-4.4 
(Coley-Smith & Cooke 1971). On the other hand, pH 
levels above neutrality favour black root rot and phy-
matotrichum root rot. 

Soil fertility. Adequate and balanced soil fertility 
is important to obtain optimum bean yields but dis
eases differ in their response to added fertilizer. 
Addition of nitrogen fertilizer has been recommended 
to stimulate plant growth when productivity has been 
diminished by root rots but excessive nitrogenous fer
tilizer increases the severity of gray mold and white 
mold. Ammonium nitrogen is recommended to con
trol phymatotrichum root rot but increases fusarium 
root rot (Snyder et al. 1959) and fusarium wilt (Huber 

& Watson 1970). Early application of nitrogen tends 
to increase damage from bean fly and this in turn 
increases the severity of fusarium root rot 
(Letourneau & Msuku 1992). Specific diseases may 
be managed by specific fertility regimes but moderate 
use of nitrogen fertilizer seems to be appropriate 
where no disease is of major concern. 

Soil temperature. Cool soils (10-20°C) favour 
seed decay, root rot, and stem rot caused by R. solani, 
F. solani f. sp. phaseoli, and certain species of 
Pythium (e.g. P. ultimum) whereas warm soils 
(25-30°C) favour diseases caused by other species of 
Pythium (e.g. P. myriotylum) and southern blight 
caused by S. rolfsii. In the Cerrados (savanna) region 
of Brazil, fusarium wilt is an increasing problem in 
warmer areas at elevations of 450-800 m under cen
tre pivot irrigation, where extensive losses have 
occurred after only two crops of beans (L. Nasser, 
pers. obs.). Planting into soils at a temperature of 
18°C is recommended for navy beans (Robertson & 
Frazier 1978). Sanitization of soil by solarization 
(50°C) has been suggested to control root rots, 
although exposure to even lower temperatures (30°C) 
may limit ashy stem blight by reducing the number of 
sclerotia of M. phaseolina. 

Soil moisture. Flooding the soil for 1-2 weeks 
before planting reduces populations of nematodes 
and of sclerotia of Sclerotinia sclerotiorum, cause of 
white mold. However, excess soil moisture during 
crop growth often favours disease. Drainage of soil is 
recommended for bean production (Robertson & 
Frazier 1978) and is highly effective in disease man
agement. For example, high soil moisture (0 to 
-5 kPa) favours pythium and fusarium root rots in 
short term experiments in controlled environments 
(Pieczarka & Abawi 1978, Sippell & Hall 1982), and 
flooding or high soil moisture during crop growth 
increases the severity of fusarium root rot (Miller & 
Burke 1977). However, fusarium root rot reduces 
bean yields more in a dry year than in a wet year 
(Burkholder 1919). High soil moisture increases sev
eral diseases of the shoot, such as angular leaf spot, 
gray mold, and white mold, possibly by increasing 
the duration of surface wetness periods. High soil 
moisture also favours white mold by stimulating car-
pogenic germination of sclerotia of S. sclerotiorum 
(Teo & Morrall 1985). Moderate levels of soil mois
ture near field capacity, achieved through drainage 
and careful irrigation, are most suitable for bean 
growth and health. 

Soil organic matter. High levels of organic matter 
in the soil are desirable for bean production 
(Robertson & Frazier 1978) and are specifically rec
ommended to control seven fungal diseases, viz. ashy 
stem blight and six root diseases. High levels of 
organic matter in the soil improve physical and chem-
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ical conditions for root growth, and therefore increase 
the resistance of roots to disease or help to compen
sate for the destructive effects of disease. They may 
also facilitate natural biological control through 
increased microbial activity in soil. However, raising 
the organic level of aerated mineral soils is difficult 
and is achieved usually through crop sequence and 
green manure crops. Addition of mature residues of 
plants to soil can also reduce some bean diseases. 
Mature residues of alfalfa, corn, and oat, and of buck
wheat, oat, rye, and sorghum reduced the severity of 
root rots caused by T. basicola and F. solani f. sp. 
phaseoli, respectively (Lewis & Papavizas 1975). 
Residues that reduced disease also lowered population 
densities of the pathogens in soil. The mechanism of 
these effects is not clear, although effective residues 
often produced high C/N ratios in the soil. 

Tillage. Tillage has been recommended to "loosen 
a compacted soil, kill weeds, incorporate fertilizer, 
lime, manure or crop residues, reduce insects and dis
eases, control soil erosion, mix pesticides with soil or 
prepare for harvest by ridging the rows" (Robertson 
& Frazier 1978). Tillage is specifically recommended 
to control root knot nematodes, two bacterial dis
eases, and 12 fungal diseases, including five of the 
roots and seven of the shoot. It could increase plant 
health by stimulating root growth, by increasing the 
resistance of roots to pathogens, or by decreasing 
pathogen populations or inoculum production in soil. 
Chisel plowing can relieve soil compaction, a major 
environmental factor contributing to fusarium root rot 
(Burke & Miller 1983), and possibly other root dis
eases. Plowing is a convenient way to eliminate bean 
debris, a practice recommended to control five fungal 
and four bacterial diseases. However, there are con
flicts to be resolved in using tillage. For example, 
mounding tilled soil around stems compensates for 
fusarium root rot but increases southern blight. 

Clean fallow. Clean fallow removes alternative 
hosts of bean pathogens and has been recommended 
in particular to control phymatotrichum root rot and 
nematodes. It no doubt would be effective for many 
bean diseases caused by nonhost-specific pathogens. 

Pathogen-free seed. Palti (1981) noted that 26 
fungi, six bacteria, and 10 viruses pathogenic to bean 
are transmitted by bean seed. Planting pathogen-free 
seed is recommended for nine fungal, four bacterial, 
and four viral diseases (Hall 1991, Schwartz & 
Pastor-Corrales 1989). It is the major approach to 
controlling bacterial diseases and is routinely used to 
control common and fuscous bacterial blights 
(Webster et al. 1983). 

Seeding date. Adjustment of seeding dates to 
avoid coincidence of susceptible plants and vectors is 
recommended for four viral and one MLO disease. 
For example, sowing late in the dry season in Brazil 

can reduce bean golden mosaic by allowing plants to 
emerge in cool weather when populations of the 
white fly vector are low (Costa 1975). However, 
recent expansion of soybean production has increased 
the population densities of white fly vectors and bean 
golden mosaic has caused losses of up to 90% in 
bean production despite the use of insecticides and 
cultural practices (L. Nasser pers. obs.). Seeding 
dates that reduce exposure of plants to cool tempera
tures and long wetness periods are advised to control 
rust and bacterial diseases. Delayed seeding in tem
perate areas increases the severity of white mold 
(Mwiindilila 1991). Seeding date also affects soil 
temperature and therefore the speed of emergence 
and vigour of plants. 

Seeding depth. Beans should normally be planted 
5 cm deep in moist soil (Robertson & Frazier 1978). 
However, the appropriate depth of seeding depends 
on soil moisture and temperature. In moist, cool soil, 
shallower seeding is recommended to control rhizoc-
tonia root rot. The depth selected should provide the 
seed with suitable conditions of moisture and temper
ature, and optimize disease control and rapidity of 
emergence. 

Plant architecture. Plant architecture can facili
tate disease avoidance. Upright architecture, open 
canopy, and pods borne away from the soil are plant 
characteristics recommended specifically to control 
downy mildew, gray mold, web blight, and white 
mold and would be appropriate for many other dis
eases of the shoot. These features might shorten peri
ods of surface wetness, lower relative humidity, limit 
high tissue moisture content in the canopy, and 
restrict contact of aerial organs with inoculum in the 
soil. 

Row direction. Rows planted parallel to the direc
tion of prevailing winds develop less white mold 
(Haas & Bolwyn 1972), possibly because of the dry
ing action of the wind on the canopy and soil. The 
practice is recommended in some areas to control 
white mold and gray mold. 

Plant spacing. Beans are commonly grown in 
rows spaced 15 to 75 cm apart. Effects of row spac
ing on yield are inconsistent (Robertson & Frazier 
1978), but wide spacing between plants in a row or 
between rows is recommended for the control of nine 
fungal diseases. Close spacing of plants in the row 
favours fusarium root rot, pythium root rot, and 
southern blight, whereas narrow spacing between 
rows favours alternaria leaf and pod spot, ascochyta 
leaf spot, gray mold, rust, web blight, and white 
mold. In general, bean plant health is promoted by 
maximum spacing between plants. 

Multiple cropping. Multiple cropping is widely 
used in bean production in tropical and subtropical 
areas (Thurston 1992) but its effects on bean diseases 
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are not extensively documented. Intercropping of bean 
with corn helps to control web blight, presumably 
because corn is not a preferred host of the pathogen 
Thanatephorus cucumeris. Corn may restrict or pro
mote development of populations of chrysomelid bee
tles, and thereby suppress or exacerbate beetle-trans
mitted virus diseases such as bean rugose mosaic and 
southern bean mosaic. Van Rheenen et al. (1981) 
reported that bean grown in association with corn gen
erally showed lower incidences of anthracnose, scab, 
ascochyta leaf spot, powdery mildew, common blight, 
halo blight, and bean common mosaic. Effects on 
angular leaf spot are variable (Boudreau 1993, Van 
Rheenanetal. 1981). 

Weed control. Suppression of weeds has been 
considered vital for bean production (Robertson & 
Frazier 1978) and is recommended for the control of 
four fungi, four bacteria, root knot and lesion nema-
todes, five viruses, and one MLO. Weeds act as hosts 
for bean pathogens or their vectors. They might also 
favour infection by fungi and bacteria by altering the 
microclimate of the canopy, and by providing sources 
of nutrient such as pollen and senescent plant parts. 

Mulch. A coconut mulch reduced southern blight 
and increased yield but the mechanism is not clear. 
Web blight has been reduced in Costa Rica by apply
ing herbicides to weeds and allowing the weed debris 
to remain in place. This practice may be effective by 
restricting formation of basidiospores of T, cucumeris 
or their dissemination to the plant. A coloured mulch 
was found experimentally to protect plants from bean 
golden mosaic by repelling whiteflies, but the proce
dure is probably not practical. 

Volunteer bean. Volunteer bean plants could 
serve as a source of all bean pathogens. Their elimi
nation is specifically recommended for control of rust 
and the bacterial pathogens. 

Roguing. Removal of symptomatic crop plants is 
effective when it eliminates a major source of inocu
lum early in the development of an epidemic. In the 
bean crop, it has been recommended for the control 
of an MLO disease ("machismo")- It would also be 
useful in the production of seed free from fungal and 
bacterial pathogens. 

Irrigation. Irrigation can affect root diseases 
through effects on soil moisture discussed above. In 
addition, it influences diseases of the shoot by condi
tioning surface wetness duration and relative humidi
ty in the canopy. Irrigation water can also spread 
pathogens that cause halo blight (Walker & Patel 
1964), common bacterial blight (Steadman et al. 
1975), and white mold (Steadman 1983). In the 
Cerrados region of Brazil it has been observed that 
frequent light irrigation favours rust, angular leaf 
spot, and anthracnose whereas infrequent heavy irri
gation favours rhizoctonia root rot, white mold, gray 

mold, pythium seed decay, and common bacterial 
blight (L. Nasser pers. obs.). Accurate use of surface 
or overhead irrigation is therefore recommended. 

Barrier. Barriers to prevent the growth or move
ment of a pathogen are not commonly used to man
age bean diseases. They have been recommended, in 
the form of a ditch or rows of monocotyledons, to 
limit the growth of rhizomorph-like strands of 
Phymatotrichum omnivorum through soil and thus 
suppress the spread of phymatotrichum root rot from 
infested areas. 

Crop separation. Separation of bean from bean or 
other hosts of bean pathogens has been suggested for 
the control of common bacterial blight, seven viruses, 
and one MLO. In particular, bean fields dedicated to 
the production of pathogen-free seed should be sepa
rated from other bean crops. Separation limits the 
exposure of the bean crop to airborne bacterial 
pathogens, and to insect vectors of viruses and 
MLOs. The practice is logical wherever a crop serves 
as a major source of bean pathogens. 

Trap crop. Overwintered insect vectors attracted 
to beans sown early along the edge of the field can be 
destroyed before the main crop is planted. This tech
nique has been suggested as a means of eliminating 
the beetles that vector bean pod mottle virus, but it is 
not vital because the virus is controlled effectively by 
high levels of resistance in the plant. The practice 
might be useful for diseases such as bean mild mosa
ic where effective control depends on suppression of 
beetle populations. 

Movement in the field. Limiting or avoiding 
movement of people, machinery, and animals 
through the growing crop, particularly when it is wet, 
restricts the mechanical dissemination of inoculum 
and is specifically recommended to control anthrac
nose and bacterial diseases. 

Harvest date and storage temperature. Timely 
harvest is advisable as a general practice and is specifi
cally recommended to control alternaria leaf and pod 
spot, gray mold, pink pod rot, and white mold. These 
are fungal diseases of the pod or seed that are favoured 
by cool, moist weather and often develop rapidly late 
in crop maturation. Timely harvest reduces the period 
during which the plant is exposed to inoculum and to 
environmental conditions favourable for disease devel
opment. Harvesting at 18% seed moisture is recom
mended to restrict colonization of seed of dry bean by 
species of Alternaria. Harvesting green beans at the 
earliest opportunity and storing them immediately at 
7-IO°C is an effective cultural means of controlling 
gray mold and white mold. 

Precepts 
A major challenge facing agriculture is to develop 

technologies that will permit a sustainable increase in 
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the productivity of cropland (Postel 1994). 
Sustainable agriculture will increasingly depend on 
the development of cultural practices that focus on 
resource conservation, and provide stability and flexi
bility through diverse technologies. The identification 
of principles of cultural control of plant diseases will 
aid in the discovery and development of environmen
tally sound cultural practices to manage bean diseases. 

Production practices. Cultural practices effective 
in disease mangement evolve partly from existing 
production practices. Systems of cropping, tillage, 
plant nutrition, water management, row width, plant 
spacing, planting depth, seed quality, varietal selec
tion, weed and insect control, and harvesting and 
storage practices affect general aspects of production 
of dry bean (Robertson & Frazier 1978) and also con
tribute to disease management (Table 2). 

Changes in production objectives influence cultur
al control of plant disease. For example, increased 
emphasis on soil conservation will force re-examina
tion of tillage as a disease control practice. Indeed, 
conservation tillage may contribute to disease control 
in bean, as shown by the following experiences in 
Brazil. White mold was introduced into the Brazilian 
savanna in the early 1980s. With the adoption of 
overhead irrigation, mainly through centre pivots, 
farmers began to grow dry bean, pea, and tomato in 
winter (April-September) and soybean in summer 
(October-March). As a consequence, residues of soy
bean infested by S. sclerotiorum acted as a source of 
inoculum for other crops. Losses up to 70% were 
observed in dry bean crops. However, a decline in the 
incidence of white mold in dry bean grown under 
zero tillage was observed in areas that had previously 
been sown to upland rice in the summer. The soil in 
zero-till fields was covered by a layer of rice residue 
3-5 cm thick that appeared to blanket sclerotia of the 
pathogen and prevent emergence of apothecia. Dry 
bean crops in nearby fields under conventional tillage 
continued to suffer high losses from white mold. The 
combination of zero till and accumulation of an 
organic mulch on the soil surface appears to have led 
to a reduction in the severity of white mold despite 
the continued production of susceptible crops under 
overhead irrigation (Nasser & Sutton 1993). 

Pathosystem. Some cultural practices are specifi
cally designed to manage disease and are developed 
from an understanding of the pathosystem, and a 
recognition that plant disease results from the interac
tion of a pathogen with a plant under the influence of 
chemical, physical, and biological components of the 
environment. A fundamental principle therefore is 
that cultural practices should target one or more com
ponents of the pathosystem. 

The targets may be primary or secondary. The pri
mary target is the target at which the practice is 

directed. For example, the primary targets of genetic 
resistance and chemical control are the plant and the 
pathogen, respectively. Secondary targets are those 
affected by a strike on the primary target. For exam
ple, the pathogen, by experiencing a population 
decline, becomes a secondary target of genetic resis
tance. A personal assessment of the primary targets 
of practices used to control bean diseases is provided 
in Table 2. The environment can influence disease 
only by affecting the plant, the pathogen, or both. 
Therefore, the plant or the pathogen is also listed as a 
primary target wherever the environment is consid
ered to be a primary target. 

According to this analysis, 32 practices target the 
pathogen (the only exception is genetic resistance in 
the plant), 22 target the plant, 22 target the environ
ment, and 21 target all three components of the dis
ease triangle. Most cultural practices used to control 
bean diseases manipulate inoculum and many modu
late the environment. Altered environments generally 
affect both the plant and the pathogen. Most practices 
that affect the plant, such as rotation, tillage, and 
drainage, do so by altering the environment. Only a 
few cultural practices, principally weed control, mul
tiple cropping, plant spacing, plant architecture, and 
seeding depth, affect the plant directly. Management 
of inoculum and regulation of the environment are 
widely recognized as key strategies in cultural control 
of bean diseases. Less is known about how cultural 
practices affect receptivity of the plant to the 
pathogen or biological control exerted by other 
organisms. The disease triangle reminds us to consid
er the plant and the biological community in our 
attempts to explain or devise cultural controls. 
Environmental effects on the susceptibility of the 
plant are not well documented and are particularly 
worthy of further investigation. 

Comparisons. The development of new disease 
management strategies and tactics for the bean crop 
can be guided by noting gaps in the present list of 
practices. For example, the list for the bean crop 
(Table 2) does not include many cultural practices 
identified by Palti (1981), such as burning, shade, 
multistory cropping, raised beds, and production on 
hillsides exposed to the morning sun. A systematic 
comparison of methods recommended for the bean 
crop with those recommended for plants in general 
may reveal further practices potentially useful for dis
ease management in bean. 

Comparison of cultural practices used for different 
pathogens may also generate new ideas. Of the 31 
cultural practices identified in Table 2, 28 are used 
for fungi, 10 for bacteria, seven for nematodes, 10 for 
viruses, and five for MLO. Fifteen practices appear to 
be unique to fungi and one to nematodes. Ln some 
cases, this apparent uniqueness may reflect the limi-
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tations of the source literature. For example, none of 
the four sources used specifically mentioned irriga
tion management or roguing to control bacterial dis
eases. However, for the most part, Table 2 provides a 
structure facilitating the transfer of ideas from one 
group of pathogens to another. For example, cover 
crops are recommended only to control nematodes. 
Since cover crops contribute to the control of fungal 
pathogens in other crops, such as Verticillium dahliae 
in potato (Powelson & Rowe 1993), their effective
ness for controlling fungal pathogens of bean should 
be examined. Table 2 may also help to focus atten
tion on the need for additional epidemiological infor
mation. Crop separation was recognized as extremely 
important in managing viral and bacterial diseases 
but was not mentioned for fungal diseases, many of 
which are also caused by propagules dispersed 
through the air. Comparative studies on aerial dis
semination of viral, bacterial, and fungal pathogens 
of bean would be revealing. 

Location. The cultural practices adopted and their 
relative importance vary with location. The protec
tion of the white bean crop in Ontario can be taken as 
an example (Fig. 1). The major infectious diseases of 
the crop are anthracnose, white mold, root rots 
caused by species of Pythium, Fusarium, and 
Rhizoctonia, common bacterial blight, halo blight, 
and bacterial brown spot (Tu 1984, Tu & 
Dhanvantari 1994). Of the 16 cultivars of white bean 
recommended for use in Ontario in 1994, 16 were 
resistant to race 1 of bean common mosaic virus, 15 
were resistant to race 15 of the virus, 11 were resis
tant to the alpha race of anthracnose, and 8 were 

Management of whi te bean diseases in Ontario 

Figure 1. Management of white bean diseases in Ontario. 
Diseases: BV = bean common mosaic, SD = seed decay, AN = 
anthracnose, WM = white mold, RR = root rot, BB = bacterial 
blights. Management practices are listed on the left and their appli
cation to each disease is indicated by cross-hatching. (Information 
from Tu & Dhanvantari 1994). 

resistant to the delta race. Susceptibility (per cent 
symptomatic plants) to white mold ranged from 10 to 
56 (Gillard 1994). Pesticides are rarely used for dis
ease control, except for the application of fungicides 
to seeds to control anthracnose and seed decay. 
Cultural practices are essential to the control of white 
mold, root rots, and bacterial diseases. Cultural prac
tices used to manage diseases of white bean in 
Ontario include rotation (all major diseases), 
pathogen-free seed (anthracnose and bacterial dis
eases), weed control (white mold and bacterial dis
eases), tillage (hilling and chisel plowing for root 
rots, and plowing-in of bean refuse for anthracnose, 
white mold, and bacterial diseases), drainage (root 
rots), wide plant spacing (white mold), crop separa
tion (bacterial diseases), fertile soils (root rots), high 
soil organic matter (root rots), control of volunteer 
bean plants (bacterial diseases), restricted movement 
in fields (bacterial diseases), warm soil at planting 
(seed decay and root rots), timely harvest (white 
mold), upright plant architecture (white mold), rows 
parallel to the wind (white mold), roguing (bacterial 
diseases), and appropriate seeding depth (seed decay, 
root rots). Thus, at least 17 kinds of cultural practices 
can be identified as important to the management of 
diseases of white bean in Ontario. The absence of 
effective disease resistance or chemical treatments 
renders cultural controls absolutely essential to the 
management of root rots and bacterial diseases, and 
vital to the control of anthracnose and white mold. 

Integration. The control of many bean diseases 
relies on the use of several technologies (Table 1). 
Occasionally, a single cultural practice is highly 
effective, such as the use of pathogen-free seed to 
control bacterial blights. For most diseases, however, 
a suite of cultural practices is required. Cultural prac
tices remain important even where genetic resistance 
or chemical control provide satisfactory disease con
trol alone. A genetic change in the pathogen popula
tion can enable it to circumvent control based on a 
single practice. For example, anthracnose of white 
bean has been controlled effectively in Ontario for 
many years by genetic resistance. In 1993, a new race 
of Colletotrichum lindemuthianum appeared that was 
virulent to all cultivars of white bean recommended 
for use in the province. To combat the new race, a set 
of practices including fungicide seed treatment, rota
tion, tillage, and seed testing was recommended (Tu 
& Dhanvantari 1994). 

Conclusion 
Our review of the literature revealed relatively few 

examples of conflicting considerations in the selec
tion of cultural practices for control of bean diseases. 
Fertility and irrigation management present problems 
but careful use of the information available provides 
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the best approach to disease control. Tillage usually 
is considered to assist disease management, except 
for a reported increase in southern blight following 
mounding of soil around stems. 

A generalized set of cultural practices for control 
of bean diseases can therefore be given, with the 
caveat that any of these practices may not apply to 
particular circumstances. Grow bean in rotation with 
other crops in soil of moderate and balanced fertility 
at pH 6.5-7.0. The soil should contain adequate lev
els of organic matter, and be well structured and fri
able. Tillage is widely recommended to prepare a 
seed bed, loosen compacted soil, control weeds, and 
bury infested crop debris, but may be less necessary 
than thought for disease control. Test soil for root rot 
potential and seed for freedom from major pathogens 
where necessary. Plant seed at a depth of 5 cm into 
moderately moist soil (field capacity) at 18°C. 
Adjust the date of seeding to favour early establish
ment of the crop, to escape insect vectors of viruses 
and MLOs, to avoid weather favourable to disease 
development, and to permit reproductive develop
ment of the crop during favourable weather. Choose 
the growth habit of the plant appropriate to reduce 
disease severity. Space plants widely in the row and 
between rows, and plant rows parallel to the direction 
of prevailing winds. Use overhead or furrow irriga
tion judiciously. Practice multiple cropping where 
appropriate. Use barriers, separation of crops, and an 
organic mulch on the soil surface to restrict pathogen 
development or dissemination. Control weeds and 
volunteer bean plants, and rogue infected bean plants 
to reduce pathogen or insect vector populations. 
Restrict movement through the growing crop. 
Harvest dry and green beans on time, and cool and 
market green beans rapidly. 

Cultural practices are essential to the control of 
80% of bean diseases and contribute to the control of 
all diseases of the crop. The 31 groups of cultural 
practices we identified is a gross simplification of the 
vast number of cultural practices available. This 
diversity of practices provides effective, stable, flexi
ble, and adaptable disease management. Cultural 
management of diseases is a key component of sus
tainable bean productivity and health. 
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