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Abstract The relationships between a number of
agronomic practices, Fusarium root rot (FRR) meas-
urements and yield variables were characterized at
different growth stages in 122 commercial bean fields
in Zanjan, Iran. Mean FRR incidence, severity and
index differed among growth stages and years. A
lower FRR index at growth stage R9 and higher
yields were detected in Red beans compared to Pinto
and White beans. FRR severity affected the number
of pods and seeds per plant. Despite the lack of an
impact of initial drought on FRR and yield factors,
FRR levels were higher following frequent irrigations
at 2–3 days intervals than at longer intervals at R6-7.
The highest FRR index at R6-7 (51.9%) and
incidence at R9 (69.1%) were associated with the
densest category of plant populations. Yield compo-
nents differed significantly between the levels of plant
density at R9. FRR levels at V3 were lower for June
plantings than for May-second-week plantings. Lower
FRR ratings and higher yields were detected at a
seeding depth of 0–5 cm in comparison to 10–20 cm.

At R9, FRR levels on beans following maize were
lower than those following barley, bean, tomato or
wheat. At V3, FRR severity was greater in fields that
received 50–500 kg/ha of urea compared to non-
fertilized fields. Greater mean FRR index at R6-7 and
lower yield levels were associated with the greatest
weed density compared to weed-free fields. This new
information benefits the systematic understanding of
interactions between bean yield, FRR and various
agronomic variables at large-scale.
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Introduction

Local varieties of common bean (Phaseolus vulgaris)
are cultivated on about 7,300 ha of irrigated land with
an average production of approximately 2.3 t/ha in
Zanjan province (Anonymous 2005). The main
classes of common dry bean in Zanjan include Red
(Kidney), Pinto (Mottled), and White (Navy) beans.
An earlier investigation (Naseri 2008) reported that
root rot diseases, caused by Fusarium solani in a
complex with Rhizoctonia solani, and Macrophomina
phaseolina, threatened the production of bean crops
in Zanjan. Estimates of yield losses averaged from 3.3
to 67.0% reductions in pod numbers per plant and
3.8–76.0% fewer seeds per plant, based on incidences
of root rot disease of 4.7–95.0% in bean fields (Naseri
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2008). Changes in agronomic practices have possibly
caused Fusarium root rot (FRR) to become well
established in bean fields in the last few years in
Zanjan (Naseri 2008) compared to the mid-1990s
when province-wide surveys showed the disease
occurred at lower levels in the main bean growing
region of the province (Moeini and Ahmadi-Nejad
1998). Thus, the disease has the potential to spread
further and become more intense, and adversely
impact crop production. There are no registered bean
cultivars with high levels of resistance to FRR in Iran.
The chemical treatment of field soils has been
ineffective in controlling FRR (Naseri, unpublished
data). Therefore, cultural strategies appropriate to the
region need to be identified to reduce yield losses to
FRR in Zanjan. An earlier study conducted in
production fields in Zanjan showed that disease
incidence and severity, yield losses to bean root rots,
and frequency of F. solani isolated from FRR-affected
roots varied with sampling time and location (Naseri
2008). The identification of the agronomic factors
responsible for the differences in the crop yield across
fields is useful for prioritizing the field-scale research
needs to stabilize and improve productivity. Consid-
ering disadvantages of confusing effects of different
practices, Fernandez et al. (2009) pointed out that
surveying commercial fields allows the examination
of a large number of crops under various combina-
tions of agronomic factors. Williams et al. (2009) and
McDonald et al. (2004) believed that the conclusions
drawn from regional studies conducted under various
combinations of agricultural and environmental fac-
tors improve the efficiency of weed-management
systems. It seems that large-scale assessments of
various agronomic practices in association with FRR
and yield should provide the valuable information,
which will benefit field-scale approaches to minimize
crop damage. Because of noticeable losses to FRR on
susceptible beans under environmental stresses
(Harveson et al. 2005), most previous studies have
focused on identifying cultural practices that reduce
various types of stress on bean crops. Although
irrigation regime, nitrogen fertilization, plant and
weed density, planting date and depth, and previous
cropping history are known to be important factors
affecting FRR development and bean production
(Abawi and Widmer 2000; Brien et al. 1991; Burke
and Miller 1983; Deibert 1995; Kraft et al. 1981),
regional assessment of the various agronomic factors

linked to FRR at different growth stages is not well
documented. Although there have been a number of
large-scale investigations describing the associations
between agricultural and disease variables (Fernandez
et al. 2007; Fininsa and Yuen 2001; Rodríguez et al.
2008; Sahile et al. 2008; Workneh et al. 1999; Zewde
et al. 2007), only a few large-scale studies have
explored agronomic indicators of yield reductions in
pathosystems (Mila et al. 2003). Furthermore, the
substantial differences in FRR and yield levels
observed between adjacent fields with similar soil
and climatic characteristics (Naseri and Marefat, un-
published data) encouraged us to focus on common
agricultural operations recommended by local experts
and growers to be effective for FRR control and bean
yield. Thus, understanding how farmers’ agronomic
programs correspond with the wide-range diversity in
FRR and bean build-up in Zanjan was the aim of this
study. We tried to evaluate linkages between a number
of agronomic practices, FRR and yield components
at V3 (the first trifoliate leaf fully opened, Van
Schoonhoven and Pastor-Corrales 1987), R6–7
(from flowering to pod formation) and R9 (pod
maturity) growth stages of common bean under
environmental conditions in producer’s fields of
Zanjan.

Materials and methods

Epidemiological surveys

The survey was carried out in the main bean growing
region of Zanjan province which is heterogeneous in
terms of agricultural factors, crop management, and
environmental conditions. Preliminary studies showed
that common bean cultivars are grown under a wide
range of urea application rates, crops grown in the
previous year, dates, depths, irrigation frequencies,
plant and weed densities. Assessments of FRR
disease were conducted in 122 commercial bean
fields (experimental units), ranging from 0.5 to
14 ha in size, from 2008 to 2009 (35 in 2008 and
87 in 2009). Common bean fields were randomly
selected across the area and farmers were interviewed
for details of agronomic factors regarding bean class,
initial drought (the time from seeding to the first
irrigation of the field, which ranged from 15 to
45 days), irrigation frequency, planting date, the crop
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grown in the previous year and urea usage (kg/ha).
The same fields were examined for FRR incidence
and severity, plant and weed density, and planting
depth on three dates, at V3, R6–7 and R9. If required,
more than one visit was made to cover a designated
growth stage in the fields. To manage a large number
of assessments at each sampling time, bean plants at
three randomly selected spots (0.25 m2 quadrat) in
each field were counted to determine plant density
and then assessed for the disease incidence as the
percentage of plants showing FRR symptoms. Weed
density was recorded as the number of weed plants
per quadrat. To examine disease severity rating, three
symptomatic (death, wilt, leaf chlorosis or yellowing)
plants per quadrat were dug up carefully and rated
using the 0–5 scale based on the percentage of root
tissues with discolouration, lesions, or necrosis
(Naseri 2008). For each observation (quadrat), a root
disease index was determined as follows: disease
incidence × disease severity/5 (Naseri 2008). Planting
depth, the length of tap roots (cm) from the
germinated seeds to the soil surface, was measured
on three plants per quadrat. The number of pods and
seeds per plant was recorded for three plants per
quadrat at R9. To confirm infection by F. solani,
beans (two plants per quadrat) with symptoms of
either longitudinal cracks, red streaks or necrosis on
the roots were collected and transferred to the
laboratory. The pathogenicity of 94 F. solani isolates
was tested in a greenhouse located at Agricultural and
Natural Resource Research Center in Zanjan. The
complete details on the fungal isolation, identification
and pathogenicity tests were provided by Naseri
(2008). In order to enhance the ability of F. solani
isolates to cause red streaks (a typical FRR symptom)
more rapidly, wound-inoculation was performed as
follows. The wound (approx. 3 mm2) was established
by gently scratching the crown of bean seedlings using
a clean scalpel, then a spore suspension was poured
into the wound, and the remainder of the pathogenicity
test was conducted as described by Naseri (2008).

Categorization of fields according to agricultural
factors

After a preliminary analysis, the information obtained
from the field assessments and the farmers was used
to categorize the fields according to the factors
(Table 1), which was then used for further analysis

to determine the effect of the factors on FRR and
yield parameters. For class factor, fields were grouped
into three “Pinto”, “Red” and “White” bean classes.
Fields were categorized into the two groups, based on
whether an initial drought practice was applied to the
field (yes = 1) or not (no = 0). For the irrigation
program, fields were classified into the four irrigation
levels based on the number of (2–9) days between
two consecutive irrigating times applied to the field.
Bean fields were excluded from the categories of
irrigation frequency at V3, if the period of initial
drought covered the V3 growth stage (Table 1). In
some fields, irrigation patterns applied to the fields
changed over the growing season, e.g., some bean
growers irrigated their fields at closer intervals at
R6-7 and occasionally at R9 in order to increase
flowering and thereby enhance seed production.
This change was considered in the field categorization if
there were at least three subsequent irrigations before
the sampling time followed a new pattern. The type of
irrigation system in the fields a form of flood irrigation,
except for three fields with sprinkler irrigation. Fields
were grouped according to the crop that had been grown
in the previous year as follows: alfalfa, barley, bean,
maize, potato, tomato, or wheat. Based on the data
collected, fields were grouped to two levels of FRR
incidence or severity, three plant or weed densities, four
planting dates, three planting depths, three urea inputs,
and two sampling years (Table 1).

Statistical analysis

Data for FRR incidence, severity and index collected
from 122 bean fields at the sampling times were
subjected to linear mixed modeling using the method
of residual maximum likelihood (REML) imple-
mented in GENSTAT version 6.1 (Payne et al. 2002)
to examine the effects of class, initial drought,
irrigation frequency, plant and weed density, planting
date and depth, previous crop, sampling year and urea
usage, and interactions with growth stage (as terms in
the fixed part of the mixed model). Two-way or
higher order interactions between the factors resulted
in no estimation due to zero error variance. Therefore,
only the two-way interactions of the factors with
growth stage were assessed. Growth stage was
selected for the interactions in order to compare the
means for FRR factors between various levels of
agronomic factors tested at the three sampling times.
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The form of the random part of the mixed model was
Year/Stage/Field/Replicate. Data on pod and seed
numbers per bean plant collected from 122 fields at R9
were analyzed using REML to examine the main effects
of FRR and agronomic factors as fixed terms. The
random part of the mixed model was Year/Field/
Replicate. Means for significant fixed model terms were
compared using the least significant difference (LSD)
between means. All percentage values for disease
incidence and index were arcsine square root trans-
formed before further statistical analysis to improve the
homogeneity of the variance of the data. Due to the
unbalanced data structure (unequal number of fields with
different levels of factors), REML and the Wald test
(GENSTAT) were used to examine the effects of factors.

Correlations between FRR, yield and agricultural
variables were analysed using simple linear regression
(GENSTAT). Arcsine-transformed mean values for dis-
ease incidence and index, and the means for disease
severity, plant and weed density, planting depth, pod

and seed numbers per for each field were used in the
regression analyses. The criteria used to evaluate the
strength of regressions were the coefficient of deter-
mination (R2) and the P value. In this study, regression
analysis was used to determine the relationships
between the variables that contribute to FRR develop-
ment and bean production rather than to describe
models for FRR and yield predictions.

Results

A wide range of variation in the agricultural factors
was observed among the 122 bean fields studied from
2008 to 2009. The number of fields with the different
levels of the factors examined is presented in Table 1.
The sampling year, growth stage and their interactions
significantly affected FRR factors, except the effect
for the year × stage interaction for FRR incidence was
not significant (Table 2). FRR symptoms were evident

Table 1 The number of common bean fields (122 in total) under different cultivation systems categorized into levels according to
agricultural and disease factors surveyed, 2008–2009

Factors Factor levels/No. of fields

Bean class Red/60 Pinto/23 White/39

Disease incidence <70%/
51

70–100%/71

Disease severity <4/93 4–5/28

Initial drought Yes/67 No/55

Irrigation intervals (day)-V3a 2–3/0 4/0 5–6/41 7–9/14

Irrigation intervals (day)-R6-
7

2–3/17 4/21 5–6/62 7–9/22

Irrigation intervals (day)-R9 2–3/12 4/21 5–6/38 7–9/51

Plant density-V3 b 1–4/11 4–8/55 8–17/56

Plant density-R6-7 1–4/19 4–8/91 8–17/12

Plant density-R9 1–4/22 4–8/87 8–17/13

Planting date May 2nd wk/
16

May 3–4th wk/
31

Jun 1–2nd wk/
59

Jun 3rd wk/16

Planting depth 0–5 cm/41 5–10 cm/55 10–22 cm/26

Previous crop Alfalfa/
6

Barley/6 Bean/24 Maize/6 Potato/5 Tomato/
5

Wheat/69

Urea usage (kg/ha) 0/16 1–50/25 50–500/81

Weed density-V3 b 0/21 1–15/69 > 16/30

Weed density-R6-7 0/16 1–15/92 > 16/12

Weed density-R9 0/12 1–15/81 > 16/27

Year 2008/35 2009/87

a Irrigation frequency applied to the fields changed over the growth stages and this change was considered in the categorization if at
least three subsequent irrigations occurred before the sampling time had followed the new pattern
b Density was based on the number of bean or weed plants per quadrat
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in all the 122 bean fields. Mean values for FRR
incidence and index at V3, R6-7 and R9 in 2009 were
greater (P<0.05) than the corresponding values in
2008 (Table 3). In both years, the means of FRR
factors at V3 were lower (P<0.05) than those at R6-7.
The sampling year had no significant effect on the
yield factors (Table 4).

Bean class

The main classes of bean grown in the fields studied
were Red (49.1%), Pinto (18.9%) and White (32.0%;
Table 1). Bean class and its interaction with growth
stage significantly affected the disease factors with the
exception of FRR severity (Table 2). At R9, mean

Factor Disease incidence Disease severity Disease index

Fixed term Wald statistic df Chi p Wald statistic df Chi p Wald statistic df Chi p

Class 13.6 2 0.001 14.8 2 0.001 18.7 2 0.001

Initial drought 0.15 1 0.703 1.9 1 0.174 0.1 1 0.784

Irrigation 46.9 3 0.001 44.4 3 0.001 48.4 3 0.001

Growth stage 41.7 2 0.001 29.1 2 0.001 53.3 2 0.001

Plant density 1.4 2 0.492 13.6 2 0.001 17.3 2 0.001

Planting date 40.3 3 0.001 64.3 3 0.001 61.6 3 0.001

Planting depth 105.1 2 0.001 231.3 2 0.001 191.7 2 0.001

Previous crop 69.6 6 0.001 78.5 6 0.001 78.2 6 0.001

Urea 14.2 2 0.001 42.2 2 0.001 26.0 2 0.001

Weed 5.5 2 0.065 5.4 2 0.067 5.9 2 0.054

Year 3742.2 2 0.001 2704.4 2 0.001 2714.9 2 0.001

Stage.Crop 14.4 12 0.275 10.0 12 0.619 12.5 12 0.403

Stage.Class 10.2 4 0.037 6.7 4 0.15 10.7 4 0.031

Stage.Date 13.9 6 0.031 22.0 6 0.001 14.8 6 0.022

Stage.Density 13.5 4 0.009 4.1 4 0.397 9.4 4 0.052

Stage.Depth 4.9 4 0.303 2.8 4 0.589 3.8 4 0.434

Stage.Drought 1.2 2 0.557 0.34 2 0.842 0.2 2 0.926

Stage.Irrigation 12.8 6 0.047 14.0 6 0.03 12.8 6 0.046

Stage.Urea 4.0 4 0.401 1.9 4 0.749 3.4 4 0.496

Stage.Weed 8.2 4 0.084 8.5 4 0.076 7.5 4 0.110

Stage.Year 0.4 2 0.814 38.5 2 0.001 10.0 2 0.007

Table 2 Effects of agricul-
tural factors on incidence,
severity and index of Fusa-
rium root rot assessed from
V3 to R9 growth stage in
bean fields, 2008–2009

Table 3 Incidence (DI), severity (DS) and index (DX) of Fusarium root rot assessed from growth stages V3 to R9 in bean fields,
2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

2008 26.7a 1.9 19.6 49.0 3.0 39.0 48.0 1.5 26.9

2009 59.3 2.3 37.3 73.6 3.2 53.2 61.5 2.8 45.8

2008 21.6b – 11.7 66.8 – 44.7 64.6 – 21.9

2009 87.8 – 41.1 99.7 – 75.9 91.4 – 59.6

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
year were 10.6 and 14.6 for DI, 0.6 and 0.8 for DS, 8.2 and 11.4 for DX, respectively
b Back-transformed means
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FRR incidence was lower (P<0.05) in the Red class
than in the White class (Table 5). For disease index at
R9, the lowest mean value (P<0.05) was observed in
the Red class in comparison with the Pinto and White
classes. For each class, greater mean FRR incidence,
severity and index (P<0.05) were detected at R6-7
than at V3 (Table 5). Class affected (P=0.001) the
number of pods and seeds per bean plant (Table 4). At
R9, pod and seed numbers in the Red beans were
higher (P<0.05) than those of the Pinto and White
beans (Table 6).

Disease incidence and severity

The majority of the fields were categorized into the
high range of FRR incidence (70–100% in 58.2%
of the fields) and into the low range of FRR
severity (<4 ratings in 76.2% of fields; Table 1).
FRR severity significantly affected the number of
pods and seeds per plant (Table 4). Mean pod and
seed numbers per plant for the low severity ratings
(<4) were higher (P<0.05) than those for the high
ratings (4–5; Table 6). FRR incidence and severity

Factor Pods no. per plant Seeds no. per plant

Fixed term Wald statistic df Chi p Wald statistic df Chi p

Bean class 70.2 2 0.001 65.7 2 0.001

Disease incidence 0.3 1 0.615 0.5 1 0.47

Disease severity 8.2 1 0.004 7.7 1 0.006

Initial drought 2.2 1 0.142 2.6 1 0.105

Irrigation 1.9 3 0.592 2.4 3 0.499

Plant density 39.9 2 0.001 27.4 2 0.001

Planting date 0.2 3 0.975 1.0 3 0.811

Planting depth 7.8 2 0.021 8.3 2 0.016

Previous crop 523.8 7 0.001 357.3 7 0.001

Urea 1.8 2 0.399 1.6 2 0.445

Weed density 9.6 2 0.008 9.1 2 0.011

Year 1.2 1 0.276 1.5 1 0.225

Table 4 Effects of agricul-
tural and disease factors on
yield factors assessed at R9
growth stage in bean fields,
2008–2009

Table 5 Incidence (DI), severity (DS) and index (DX) of Fusarium root rot on different bean classes assessed from growth stages V3
to R9 in bean fields, 2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

Red 41.7a 2.0 27.7 59.7 3.0 44.1 44.6 1.7 27.5

Pinto 43.5 2.0 28.3 59.4 3.0 45.2 58.2 2.3 40.2

White 43.8 2.3 29.4 64.9 3.3 48.9 61.5 2.5 41.4

Red 50.5b – 23.2 88.5 – 55.8 57.0 – 22.8

Pinto 54.5 – 24.2 88.0 – 58.3 85.8 – 47.3

White 55.2 – 26.0 95.9 – 66.6 91.4 – 49.9

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
class were 9.8 and 14.8 for DI, 0.4 and 0.8 for DS, 7.4 and 11.4 for DX, respectively
b Back-transformed means
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were negatively correlated (P<0.05) with the yield
variables (Table 7).

Initial drought

An initial drought was applied in 54.9% of the fields
studied in 2008–2009 (Table 1) and had no significant
effect on FRR (Table 2) or the yield factors tested
(Table 4).

Irrigation frequency

Of the 122 fields studied in this survey only 55 (45.1%)
fields were regularly irrigated from right after seeding at
5–9 days intervals (Table 1). The majority of those fields
were irrigated at 5–6 days intervals at V3 (74.5% of
total 55 regularly-irrigated fields) and R6-7 (50.8% of
total 122 fields), whereas at R9 31.2% had this irrigation
frequency. Irrigation frequency and its interaction with
growth stage affected (P<0.05) the FRR factors tested
(Table 2). At V3 and R9, the length of irrigation interval
had no significant effect on the FRR factors (Table 8).
At R6-7, mean values for FRR factors were higher
(P<0.05) for irrigation at 2–3 days intervals than for
those at longer intervals (4–9 days). Under 2–4 days
irrigations, mean values for FRR factors were signifi-
cantly higher at R6-7 than at V3 (Table 8).

Plant density

The number of the fields categorized by plant density
changed over the sampling time; so the number of the
fields with the highest density (8–17 plant/quadrat)
decreased from 56 (45.9%) fields at V3 to 13 (10.7%)
fields at R9 (Table 1). Plant density affected FRR
severity and index, while its interaction with growth
stage significantly affected FRR incidence and index
(Table 2). The mean FRR incidence detected at a
density of 8–17 plant/quadrat at R9 was significantly
greater than those at the lower densities, 1–8 plant/
quadrat (Table 9). The mean disease index at R6-7 for
the densest level (8–17 plant/quadrat) was greater (P<
0.05) than that for the intermediate level of 4–8 plant/
quadrat. Mean FRR incidence and index for the
densest level of bean plants were significantly lower
at V3 than at R6-7 and R9. Plant density was
negatively correlated (P<0.05) with FRR variables at
V3 (Table 10). Plant density significantly affected the
yield factors (Table 4). The mean values for pod andT
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seed numbers per plant were significantly different
(P<0.05) between the levels of plant density determined
at R9 (Table 6). Mean numbers of pods and seeds per
plant for the highest plant density were nearly half of
the corresponding values for the lowest plant density.

Planting date

The common bean fields surveyed included those
seeded by the second week of May (13.1%), the third
to fourth week of May (25.4%), the first to second

week of June (48.4%), and the third week of June
(13.1%; Table 1). The averages (over 2008–2009) of
mean monthly air-temperature and total monthly
rainfall for May (mid-spring in Zanjan) and June (late
spring) were 14.2°C and 21.2 mm, and 18.3°C and
19 mm, respectively. Harvest time in the fields started
from mid-August to mid-September with 21–22°C
and 16–18°C mean monthly temperatures, respectively
(ZanjanMeteorological Office 2009). The planting date
of the bean fields and its interaction with growth stage
significantly affected FRR factors (Table 2). At V3,

Dependent variablea Independent variable R2 df a (SE) P

Pods no./plant Disease incidence 0.19 120 −0.16 (0.03) 0.001

Seeds no./plant Disease incidence 0.19 120 −0.72 (0.14) 0.001

Pods no./plant Disease severity 0.17 120 −2.87 (0.58) 0.001

Seeds no./plant Disease severity 0.16 120 −12.77 (2.69) 0.001

Pods no./plant Irrigation frequency – – – ns

Seeds no./plant Irrigation frequency – – – ns

Pods no./plant Plant density 0.07 120 −1.25 (0.4) 0.003

Seeds no./plant Plant density 0.05 120 −4.66 (1.88) 0.014

Pods no./plant Planting date – – – ns

Seeds no./plant Planting date – – – ns

Pods no./plant Planting depth 0.07 120 −0.68 (0.24) 0.005

Seeds no./plant Planting depth 0.07 120 −3.26 (1.07) 0.003

Pods no./plant Urea usage – – – ns

Seeds no./plant Urea usage – – – ns

Pods no./plant Weed density 0.09 118 −0.15 (0.05) 0.001

Seeds no./plant Weed density 0.1 118 −0.73 (0.21) 0.001

Table 7 Relationships be-
tween yield components and
agricultural and Fusarium
root rot variables examined
at R9 growth stage in bean
fields, 2008–2009

a Arcsine-transformed
means of disease incidence,
and the means of pod and
seed numbers per plant,
disease severity, plant and
weed density, and planting
depth for three replicate
observations per field were
used for regression analysis;
intercepts were calculated
but not presented; R2 =
coefficient of determination;
a = estimate of parameter in
simple linear regression; SE
standard error; ns=P>0.05

Table 8 Effect of irrigation frequency on incidence (DI), severity (DS) and index (DX) of Fusarium root rot assessed from growth
stages V3 to R9 in bean fields, 2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

2–3 days 46.4a 2.2 30.7 84.6 4.4 65.9 61.7 2.6 43.9

4 days 46.2 2.0 29.2 62.0 2.9 44.2 54.2 2.2 35.0

5–6 days 39.2 2.1 25.9 56.8 2.8 41.4 53.4 2.0 33.7

7–9 days 40.3 2.0 28.0 41.9 2.2 32.9 49.8 1.9 32.8

2–3 days 61.0b – 28.3 82.0 – 97.0 91.7 – 55.4

4 days 60.5 – 25.7 92.1 – 56.1 78.0 – 36.5

5–6 days 45.1 – 20.3 83.2 – 49.9 76.3 – 33.9

7–9 days 47.5 – 23.7 51.0 – 32.4 68.6 – 32.2

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
irrigation were 14.0 and 17.2 for DI, 0.8 and 0.8 for DS, 10.8 and 13.2 for DX, respectively
b Back-transformed means
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greater (P<0.05) mean values for FRR factors were
detected for plantings within the second week of May
than for those in the first to third week of June
(Table 11). Planting within the third week of June had
the lowest (P<0.05) FRR incidence, severity and index
in comparison with the other planting date categories at
V3. At R6-7 and R9, mean values for the FRR factors
for plantings within June third week were significantly
lower than those from second week of May, except for
disease incidence at R9. For plantings in June, greater
mean disease incidence, severity and index were
recorded at R6-7 and R9 than at V3 (Table 11).
Planting date was negatively correlated (P<0.05)
with the FRR variables at V3 (Table 10).

Planting depth

The common bean fields surveyed were seeded at
either 0–5 cm (33.6%), 5–10 (45.1%), or 10–22 cm
depths (21.3%; Table 1). The depth of seeding in bean
fields significantly affected FRR incidence, severity
and index (Table 2). At the three growth stages
surveyed, mean FRR incidence and index were signif-
icantly greater for plantings at 10–22 cm depths than for
those at 0–5 cm depths (Table 12). Mean FRR severity
was significantly greater for the deepest planting than
for shallower ones surveyed, except for the deepest
level at R9. FRR index at both V3 and R6-7 was
lower (P<0.05) for depths at 5–10 cm than those at
10–22 cm. There were significant positively corre-
lations between planting depth and FRR variables at
the three growth stages studied (Table 10). The depth

of seeding in bean fields affected (P<0.05) the yield
factors examined at R9 (Table 4). Mean pod and
seed numbers per plant for the shallowest seeding
depth, 0–5 cm, were greater (P<0.05) than those at the
deepest seeding depth, 10–20 cm (Table 6).

Previous crop

The most common crop planted before a bean crop was
wheat (in 56.6% of the fields), followed by bean
(19.7%), alfalfa (5%), barley (5%), maize (5%), potato
(4.1%), and tomato (4.1%; Table 1). The crop grown
before beans significantly affected FRR incidence,
severity and index over the sampling times (Table 2).
At R6-7, mean FRR incidence in bean crops grown
after potato was greater (P<0.05) than for those
following maize or barley (Table 13). FRR index at
R6-7 was significantly greater for beans grown after
potato and tomato than for those grown after maize or
barley. At R9, lower (P<0.05) mean FRR incidence,
severity and index were observed in beans following
maize than in those following barley, bean, tomato and
wheat, with incidence significantly higher in rotations
with tomato than after potato. As the crop planted the
year before bean, alfalfa showed a lower (P<0.05) mean
disease incidence at the last sampling than tomato.
Beans grown following alfalfa, barley, potato, tomato
and wheat, registered similar FRR levels to bean mono-
croppings. The preceding crop had a significant effect
on the yield factors examined at R9 (Table 4). The mean
number of pods per plant following tomato was lower
(P<0.05) than that after potato (Table 6).

Table 9 Effect of plant density on incidence (DI), severity (DS) and index (DX) of Fusarium root rot assessed from growth stages V3
to R9 in bean fields, 2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

1–4 Plant/Quadrate 49.1a 2.4 35.0 58.1 3.2 47.5 44.7 2.1 33.7

4–8 Plant/Quadrate 40.8 1.9 25.5 56.3 2.7 38.9 50.5 1.9 31.6

8–17 Plant/Quadrate 39.1 1.9 24.8 69.5 3.4 51.9 69.1 2.5 43.8

1–4 Plant/Quadrate 67.0b – 36.5 85.6 – 63.4 57.2 – 33.9

4–8 Plant/Quadrate 48.6 – 19.7 82.2 – 44.5 70.1 – 30.0

8–17 Plant/Quadrate 44.9 – 18.6 99.5 – 73.2 99.3 – 55.2

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
density were 13.6 and 16.8 for DI, 0.6 and 0.8 for DS, 10.4 and 13.0 for DX, respectively
b Back-transformed means
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Urea usage

The common bean fields studied were categorized
into the three classes with respect to urea usage as
follows: 0 (13.1%), 1–50 (20.5%), and 50–500 kg/ha
(66.4%; Table 1). The level of urea applied to the
bean field significantly affected FRR incidence,
severity and index over sampling time (Table 2). At
V3, mean FRR severity was significantly greater for
fields fertilized with 50 to 500 kg/ha of urea than for
those that were non-fertilized (Table 14). Urea usage
was positively correlated (P<0.05) with FRR varia-
bles at V3 (Table 10).

Weed density

The number of the fields at different levels of weed
density changed with sampling date. A density of 1–
15 weeds per quadrat was detected in the majority of
bean fields surveyed as follows: 56.6% at V3, 75.4%
at R6-7 and 66.4% at R9 (Table 1). Weed density had
a significant effect only on FRR index (Table 2).
Mean FRR index at R6-7 was significantly greater for
the densest level of weeds (>16 weed/quadrat) than at
the weed-free level (Table 15). Weed density was
positively correlated (P<0.05) with FRR variables
over the sampling dates (Table 10). The status of

Table 11 Incidence (DI), severity (DS) and index (DX) of Fusarium root rot assessed from growth stages V3 to R9 in bean fields
planted at different dates, 2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

May 2nd week 61.0a 3.2 43.5 70.4 3.6 54.7 61.7 2.7 44.2

May 3–4th week 49.9 2.6 34.6 63.6 3.0 45.6 52.8 2.1 35.4

Jun 1–2nd week 43.3 1.9 26.5 63.7 3.3 48.6 55.7 2.2 36.7

Jun 3rd week 17.9 0.7 9.2 47.5 2.5 35.4 48.8 1.7 29.2

May 2nd week 90.6b – 54.5 99.8 – 79.0 91.7 – 56.1

May 3–4th week 68.8 – 35.7 94.3 – 59.2 75.1 – 37.3

Jun 1–2nd week 54.1 – 21.2 94.5 – 65.9 81.1 – 39.9

Jun 3rd week 9.8 – 2.6 63.4 – 37.3 66.4 – 25.7

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
date were 12.6 and 16.6 for DI, 0.6 and 0.8 for DS, 9.6 and 12.8 for DX, respectively
b Back-transformed means

Table 12 Incidence (DI), severity (DS) and index (DX) of Fusarium root rot assessed from growth stages V3 to R9 in bean fields
planted at different depths, 2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

0–5 cm 32.9a 1.2 16.4 52.0 2.3 35.2 39.4 1.3 22.4

5–10 cm 40.5 2.0 25.7 59.5 3.1 44.9 58.4 2.3 38.4

10–22 cm 55.5 3.1 43.2 72.5 3.9 58.2 66.5 2.9 48.3

0–5 cm 32.4b – 8.2 73.4 – 36.9 45.5 – 15.2

5–10 cm 47.9 – 20.0 88.1 – 57.6 86.2 – 43.4

10–22 cm 80.7 – 53.8 100.0 – 85.8 97.5 – 65.2

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
depth were 9.6 and 15.0 for DI, 0.4 and 0.8 for DS, 7.4 and 11.4 for DX, respectively
b Back-transformed means
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weed density at pod maturity significantly affected on
the yield factors examined (Table 4). Mean numbers
of pods and seeds per plant in the densest weed
populations were lower by nearly half of the
corresponding values of the weed-free fields (Table 6).

Discussion

Much of our knowledge on the interactions of
agronomic practices with FRR in beans is based on
experiments performed on a small plot scale in

individual fields, with experimental variables being
precisely controlled. These valuable findings can
benefit from large-scale studies, which allow a
systematic understanding of the regional heterogene-
ity in environmental conditions that influence the
interactions of agronomic operations with FRR and
subsequent disease management outcomes. Even
though surveying commercial fields suffers from
the high variation of complicating variable effects
(Fernandez et al. 2009), it is still useful to examine
the agroecosystem–disease interface on a regional
basis, which is highly relevant to commercial
production conditions. To meet this requirement,

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

Alfalfa 38.3a 1.8 24.7 58.6 2.7 40.6 47.0 1.8 30.3

Barley 44.5 2.0 29.5 52.2 3.1 37.5 59.0 2.4 40.7

Bean 52.2 2.8 37.9 67.7 3.4 50.5 65.9 2.5 42.3

Maize 30.8 1.8 22.3 47.5 2.5 34.6 32.7 1.1 19.9

Potato 45.8 2.0 30.0 77.5 3.5 58.9 43.3 2.1 31.3

Tomato 46.0 2.0 25.6 67.7 3.6 57.6 70.1 2.8 47.2

Wheat 43.4 2.0 29.1 58.1 2.9 42.9 65.4 2.5 42.9

Alfalfa 43.2b – 18.5 86.5 – 48.1 62.3 – 27.6

Barley 56.7 – 26.2 73.8 – 41.5 87.3 – 48.4

Bean 73.8 – 42.4 98.5 – 70.1 96.9 – 51.9

Maize 28.5 – 15.1 63.4 – 35.7 32.0 – 12.0

Potato 59.6 – 27.1 96.7 – 87.1 54.1 – 29.4

Tomato 60.1 – 19.8 98.5 – 84.7 99.7 – 62.8

Wheat 54.3 – 25.5 85.6 – 53.2 96.4 – 53.2

Table 13 Effect of the
previous crop on incidence
(DI), severity (DS) and
index (DX) of Fusarium
root rot assessed from
growth stages V3 to R9 in
bean fields, 2008–2009

a LSD between arcsine-
transformed means of
disease incidence and index
and the means of disease
severity within stage and
crop were 20.8 and 22.6 for
DI, 1.0 and 1.2 for DS, 16.0
and 17.4 for DX,
respectively
b Back-transformed means

Table 14 Effect of the urea usage on incidence (DI), severity (DS) and index (DX) of Fusarium root rot assessed from growth stages
V3 to R9 in bean fields, 2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

0 kg/ha 38.8a 1.6 23.7 63.0 2.8 44.6 50.7 1.9 33.1

1–50 kg/ha 39.4 2.0 26.6 58.8 3.0 45.2 51.2 2.0 32.9

50–500 kg/ha 50.9 2.6 35.1 62.1 3.4 48.5 62.5 2.6 43.1

0 kg/ha 44.3b – 17.0 93.5 – 57.0 70.5 – 32.8

1–50 kg/ha 45.5 – 21.4 86.9 – 58.3 71.6 – 32.4

50–500 kg/ha 71.0 – 36.7 92.3 – 65.7 92.8 – 53.6

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
urea were 11.6 and 15.8 for DI, 0.6 and 0.8 for DS, 9.0 and 12.2 for DX, respectively
b Back-transformed means
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the present work examined the primary linkages
between a number of FRR, yield and agronomic
traits at different growth stages in commercial bean
fields. The results suggested that a considerable part
of the variability in the FRR levels observed among
bean fields corresponded with the combinations of
the agronomic factors (excluding initial drought
practice) surveyed. Such macro-scale evaluations
will assist in the wise selection of more relevant
agronomic strategies for bean protection and pro-
duction in future field experimentations at Zanjan
and in regions with similar cropping and climatic
conditions. A greater FRR index in 2009 than in
2008 may reflect the influence of climatic conditions
that varied from year to year. The higher FRR levels
that were usually detected at R6-7 compared to V3 may
be attributed to a general increase in disease symptoms
with time. Moreover, this new detailed information on
changes in the impacts of agronomic factors on FRR-
development over the growing season demonstrates that
a single measurement in time is unlikely to give an
accurate representation of FRR-agroecosystem inter-
play from planting to crop maturity. Although a number
of FRR and agricultural factors had significant impacts
on bean yield, weak correlations revealed that other
agronomic and environmental factors, in particular soil
properties, should be considered in future studies to
stabilize and enhance bean production.

In the present study, no significant effect of bean
class on FRR factors was detected at V3 or R6-7, but at
R9 Red beans had the lowest FRR index and the highest
level of yield factors compared to Pinto and White

beans. Further investigation is required to determine the
basis for the reduced disease index at podmaturity in the
Red beans, which produced the highest yield.

Non-significant and significant effects of FRR
incidence and severity, respectively, suggest that
disease index could be a more reliable criterion for
the evaluation of FRR in interaction with bean
production factors than FRR incidence or severity.
As expected, the correlations indicated that lower
yields in the bean crops were associated with higher
FRR incidence and severity. Furthermore, FRR
incidence and severity appeared to be responsible
for 19% and 16–17% of the variation in pods and
seeds production, respectively, among the fields
surveyed. This appears to be the first description of
correlations between common bean yield components
and FRR incidence and severity at large-scale
commercial fields.

In this research, attempts were made to elucidate
whether an initial drought affected FRR or decreased
yield by predisposing the bean crop to water stress or
increased yield through the expansion of the root
system to obtain water. Earlier findings showed that
water stress in the vegetative stage had no impact on
seed yields (Walker and Hatfield 1979), while water
stress at either flowering or pod-filling stages reduced
bean yield (Boutraa and Sanders 2002; Nielsen and
Nelson 1998). Lack of a significant effect of initial
drought at V3 on FRR and yield components in this
regional study suggest that this operation could be
practiced in bean fields as usual in order to lower
cropping costs. Of course, further study on impact of

Table 15 Effect of weed density on incidence (DI), severity (DS) and index (DX) of Fusarium root rot assessed from growth stages
V3 to R9 in bean fields, 2008–2009

Sampling time V3 R6-7 R9

Factor levels DI DS DX DI DS DX DI DS DX

0 Weed/Quadrate 46.2a 2.3 30.6 54.0 2.8 39.8 46.4 1.9 32.9

1–15 Weed/Quadrate 48.2 2.3 31.7 60.5 2.9 44.1 54.6 2.2 35.9

> 16 Weed/Quadrate 34.7 1.6 23.0 69.4 3.5 54.3 63.2 2.4 40.3

0 Weed/Quadrate 60.5b – 28.1 77.6 – 46.4 61.2 – 32.4

1–15 Weed/Quadrate 65.0 – 30.1 89.8 – 55.8 78.8 – 38.3

> 16 Weed/Quadrate 35.9 – 16.0 99.5 – 78.2 93.8 – 47.5

a LSD between arcsine-transformed means of disease incidence and index and the means of disease severity within stage and within
density were 14.0 and 16.8 for DI, 0.8 and 0.8 for DS, 10.8 and 13.0 for DX, respectively
b Back-transformed means

Eur J Plant Pathol (2011) 131:179–195 191



spring rainfalls on the interaction between this
practice and bean production is required.

The presence or absence of FRR and the level of
cultivar resistance to the disease influence the impact
of sprinkler irrigation regimes, so that frequent
irrigation (every 3–5 days) increased bean yield on
Fusarium-infested soil, but not on Fusarium-free soil
(Miller and Burke 1986). Due to the inconsistent
effect of soil moisture level (at 50 and 60%) on bean
yield, Silbernagel and Mills (1990) advised extending
irrigation intervals to 8–10 days in subsoiled fields to
reduce production costs. This regional survey
detected no significant association between yield
components and irrigation frequency at the R9 stage.
However, FRR levels at R6-7 were significantly
higher in the fields irrigated every 2–3 days than
those irrigated every 4–9 days. Irrigation frequency
also accounted for 17% of the observed variation in
FRR severity at R6-7. The significant role of this
factor on the mid-season development of FRR
suggests that irrigations as close as 2–3 days not
only increases the level of FRR at flowering and pod
formation stages, but also increases cropping
expenses without a significant increase in yield.
Definitely, future studies should include evaluation
of cultivar resistance, amount of irrigation water, soil
texture and compaction which are known to affect the
interaction of FRR with yield.

Increases in FRR levels at R6-7 and subsequent
death of FRR-affected plants may have resulted in a
considerable reduction in the number of fields at the
highest plant density (8–17 plant/quadrat) as the
growing season progressed. The highest level of
FRR factors was associated with the densest number
of bean plants at R9. Stress factors such as over-
lapping roots and foliage resulting in competition for
light, nutrients and water, and moist canopies, which
usually happen in highly dense plantings from
flowering (R6) onwards, must have been suitable for
FRR development. Silbernagel and Mills (1990)
reported that a cultivar-disease interaction in snap
beans dominated the effect of plant density on seed
production, so that narrow row spacing increased the
bean yield in FRR-resistant cultivars, but not in
susceptible cultivars. In this study, the denser plant
populations at R9 corresponded with the lower
production of pods and seeds per plant. Economic
bean production requires further study of plant
density affecting yield.

It was previously shown that FRR on White beans
was more severe at 21°C than at 14°C or 28°C, while
bean growth and dry weight were higher at 28°C than
at soil temperatures of 14°C or 21°C (Sippell and Hall
1982). Higher disease levels occurring at V3 when
planting coincided with cooler and moister weather
conditions in May than in June seem to confirm
earlier reports that the most severe FRR in beans
occurred in fields planted in cold and moist soils
(Burke and Miller 1983). Non-significant or weak
associations between planting date and FRR variables
at R6-7 and R9 suggest that the impact of planting
date on FRR development is more important at the
early stages of bean growth and decreases as the
growing season proceeds. Furthermore, 29% of
variation in FRR severity at V3 was associated with
planting-date. However, late plantings produced pod
and seed numbers similar to the early plantings in this
study. Although late planting in spring appeared to
restrict the establishment of FRR on bean crops in
Zanjan, the lack of increase in yield levels may be
partially attributed to the effect of cold conditions
early in the autumn, which were unfavorable for pod
maturity in late seeded fields.

Deep seeding may promote crop establishment and
performance because of the greater availability of
moisture in the subsoil. However, it may increase
predisposition to FRR due to a prolonged period to
emergence (Abawi and Pastor Corrales 1990). Siddique
and Loss (1999) reported that the yield of chickpea and
faba bean was increased by deep seeding. Another
field study showed that shallow seeding (at 2.5 cm
depth) was the most effective method among the
cultural practices tested (seeding and hilling depth, and
fungicide use) to decrease the severity of bean root rot
(Brien et al. 1991); however, the impacts of those
practices on the disease incidence and yield were not
determined. To our knowledge, there is no previous
report on how strongly planting depth interacts with
the components of bean yield and FRR on a regional
scale. At the sampling dates examined, our large-scale
survey demonstrated that shallower planting was
associated with lower FRR and greater yield levels.
Regression analyses showed that 28–49% of the
variation in disease severity, 27–42% in disease index
and 14–23% in disease incidence on beans studied
over the sampling time could be explained by planting
depth. These relatively strong relationships indicate the
important impact of planting depth on FRR establish-
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ment which remained significant through to pod
maturity stage (R9).

The results of this study supports the recommen-
dation of Bruehl (1989) that crop rotation, which
benefits weed and insect management, should be a
major factor in an integrated root rot control program.
According to earlier documents, growing beans after
maize, wheat or barley (Abawi and Pastor Corrales
1990; Maloy and Burkholder 1959), alfalfa (Román-
Avilés et al. 2003) reduced root rot severity and
improved bean production. This regional study also
showed that beans planted following maize had lower
FRR levels at the growth stages examined, so it could
be a better crop choice than the other crops surveyed
to be grown before bean. Furthermore, the observa-
tion that beans grown following alfalfa, barley or
wheat had similar disease and yield component values
to bean mono-croppings needs to be further examined
using longer cropping sequences. It has been reported
that the application of nitrogen fertilizers nullifies
benefits of carbonaceous material such as barley and
wheat residue in the soil (Huber 1963). Accordingly,
fertilization of most fields with urea observed here
may have accounted for the non-significant differ-
ences in FRR and yield component values observed
between bean-monocultures and rotations with alfalfa,
barley and wheat, so the effect of cropping history
merits further investigation.

Contrary to the advice of local experts who
recommend application rates of 20–50 kg/ha urea
(based on an intensive examination of field soils,
unpublished data) in the bean fields, this fertilizer was
overused in the majority (66.4%) in most of the fields
studied. According to the REML analysis, fertilizing
fields with 50 to 500 kg/ha urea resulted in a
significant increase in FRR severity early in the
growing season compared with no fertilization.
Results also indicated that 21% of the variation in
disease severity and 19% in disease index at V3 could
be explained by the amount of urea applied to the
field. It has been documented that the ammonium
form of nitrogen fertilizers enhances FRR on bean,
whereas the nitrate form decreases the disease
symptoms (Abawi and Pastor Corrales 1990; Huber
and Watson 1970). The findings of this study indicate
that the level of urea (ammoniacal-N-fertilizer) usage
was positively linked not only to FRR severity, but
also to FRR incidence and index at V3. In addition,
there was no association between bean yield and urea

usage in the fields. Further research could identify an
appropriate nitrate fertilizer to reduce FRR and
improve bean productivity.

Weed management by bean growers may have
changed the number of the fields at specific weed
densities over the sampling period; however, weeds
were successfully controlled in only a small propor-
tion of the fields surveyed. Based on information
obtained from farmers, pre-planting control of weeds
with Trifluralin and then hand-weeding were widely
applied in Zanjan. The results determined that differ-
ences in weed density accounts for 12–21% of the
variation in FRR index, 7–19% in FRR severity,
8–14% in FRR incidence, and 9–10% of the yield
variation among the fields over the sampling time.
These correlations along with the significant effects of
this factor on mid-season FRR index and on bean
yield suggests that weed control should be considered
in comprehensive agronomic programs to increase
production in Zanjan and to be as important as
shallow seeding.

To our knowledge, this is the first report to
establish the associations between agronomic, FRR
and yield variables in commercial bean fields. To
more clearly demonstrate relationships between these
characteristics, field assessments were made at mul-
tiple times. Based on correlations, the three more
effective agronomic practices influencing FRR were
ordered as follows: planting depth, plant and weed
density for FRR incidence, planting depth, date, and
urea usage for FRR severity, and planting depth, date
and plant density for FRR index. Furthermore, FRR
incidence often had slightly weaker relationships with
the agronomic variables than FRR severity and index.
The results also suggested that pod and seed produc-
tion had weaker correlations with the agronomic
variables compared to FRR incidence and severity,
which in turn were influenced by some of the
agronomic variables. In conclusion, FRR and weed
control, and shallow planting combined with appro-
priate plant density and seeding date established
relatively stronger associations with bean FRR and
yield among the factors studied here.
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