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Introduction

Dry bean (Phaseolus vulgaris) production in western Canada is steadily increasing.
In 1999 production reached 200 000 acres in Manitoba and 12 000 acres in
Saskatchewan. These figures are projected to increase to 270 000 acres and 22 000 acres
in Manitoba and Saskatchewan respectively by the year 2000. Thus, the crop is now an
important component of the pulse industry in western Canada.  With this expansion,
producers are raising concerns and questions about nutrient management in dry bean
production. Most of the concerns are centered on use of Rhizobium inoculants and N
fertilizers. Considerable effort has gone into investigating the effectiveness of Rhizobium
inoculants for bean production. Some of the experiments have looked at the effect of
different inoculum formulations on the nodulation and nitrogen fixation. Other studies
have investigated different inoculant placement methods while others have compared
Rhizobium inoculants with N fertilizer. This paper reviews findings from these
experiments  and suggests future research topics.

Response of two bean cultivars to N fertilizer and Rhizobium inoculant

Dr. Dave McAndrew based at Morden Research Station, Manitoba, conducted this
research work. The researcher looked at the response of two dry bean cultivars to N
fertilizer  with or without Rhizobium inoculant. The study was arranged in a split-plot
design with the inoculation treatment as the main plot, the bean cultivar as the subplot
and the nitrogen fertilizer level as the sub-sub-plot.  The study was conducted at two
locations in 1996 and 1997 and three locations in 1998.

In 1996, the bean cultivars were inoculated with SelfStik, a granulized peat based
inoculant and in 1997 and 1998, a granular inoculant (Nodulator) was used. Both
inoculants were obtained from Microbio RhizoGen Corp. Two bean cultivars, Envoy and
Topaz were used in the study. The nitrogen fertilizer rates were 0, 30, 60, 90, 120, 150
and 180  kgN/ha. The nitrogen fertilizer was placed 7 cm below the surface midway
between seed rows.
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Based on five season years’ data, N fertilizer increased seed yield of both dry bean
cultivars (Figure 1).  The response to N fertilizer was only evident to the 60 kg/ha N
level. Beyond this level of N fertilizer the response was very erratic. Rhizobium
inoculants had no significant effect on seed yield. The interaction between N fertilizer
and Rhizobium inoculant was not significant.

Figure 1. Response of two bean cultivars to N fertilizer. The data are based on five season
years in Manitoba.

Response of Four Dry Bean Cultivars to Granular Inoculant in Dryland Production
Systems

The study was conducted at two locations in 1998 and 1999; Saskatchewan Pulse
Growers (SPG) farm (Dark Brown Chernozemic soil) and Seager Wheeler Farm near
Rosthern (Black Chernozemic soil). The soil at SPG had 10 kg/ha available N at the 0-30
cm depth in 1998 and 14 kg/ha available N at the same depth in 1999. The soil at
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Rosthern had 19 kg/ha available N at the 0-30 cm depth in 1998 and 21 kg/ha available N
at the same depth in 1999.  Four bean cultivars/lines  (CDC Pinnacle – full season,
indeterminate; CDC Camino – full season determinate; CDC Altiro – early season,
indeterminate and a breeding line C962 – early season determinate) were used in the
study. The study was arranged in a randomized complete block design with four
replications.  Two treatments, granular inoculant placed with the seed and granular
inoculant side-banded (2.5 cm on the side of the furrow and 2.5 cm below the seed) and a
control with no inoculation were applied to the four cultivars in a factorial design giving
a total of 12 treatments. Triple superphosphate (0-45-0) at the rate of 20 kg/ha P2 O5 was
applied in the furrow at planting. Flax was used as a reference crop for the assessment of
%Ndfa. At early pod filling, five plants were dug out from each plot to determine nodule
dry mass.   At harvest seed yield was determined from a square metre quadrant from the
centre of each plot and converted to kg/ha. Percent nitrogen derived from the atmosphere
for the seed was determined from a 1mg subsample of 100 g finely ground seed sample
from each plot. Nitrogen fixation was determined by the natural abundance method
(Bremer and van Kessel 1990). The δ15N of dry bean grown in N-free medium was
considered to be 0.00 (de Silva 1998).

Inoculation and bean cultivar had a significant effect on nodule dry mass and seed
yield (Table 1). Applying granular inoculant increased nodule dry mass significantly
compared to the control. The two inoculation treatments gave similar nodule dry mass.
Bean cultivars differed significantly in nodule dry mass at early pod filling (Table 1). The
full season determinate cultivar, CDC Camino had the lowest nodule dry mass whereas
the full season indeterminate line, CDC Pinnacle had the highest nodule dry mass.
Applying granular inoculant increased seed yield compared to the control (Table 1)
though the two inoculation treatments gave similar seed yield.  The determinate cultivar
CDC Camino showed a poor response to granular inoculant application compared to the
other three bean cultivars (Table 1).

Inoculation and bean cultivar had significant effect on %Ndfa (Table 2).  Applying
granular inoculant increased %Ndfa compared to the control though the two inoculation
treatments did not differ from each other. Bean lines differed in  %Ndfa. The bean cultivar
CDC Pinnacle derived an average 65% of the seed N from fixation while CDC Camino
derived only 40% of the seed N from fixation. The N2 fixed also varied with cultivar from
11 kg/ha in CDC Camino to 62 kg/ha in CDC Pinnacle (Table 2). A significant interaction
between inoculation treatment and bean cultivar was observed for %Ndfa and amount of
N2 fixed. The interaction was due primarily to the low amount of nitrogen fixed by the
cultivar CDC Camino in inoculated treatments.
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Table 1.  Effect of inoculation treatment on nodule dry mass and seed yield of four common
bean cultivars in Saskatchewan (averaged over two locations and two years)

Cultivar/Line

CDC
Pinnacle

CDC
Camino

CDC Altiro C962 Mean

Growth habit Indeter Deter Indeter Deter

Days to maturity 101 102 95 94

Treatment Nodule dry mass (mg/plant)
Control   46 48 29 44   42 a
Granular with seed 186 110 165 186 162 b
Granular side-banded 223 78 179 167 162 b
Mean (cultivar)   152 c   79 a     124 ab      132 bc

Seed yield (kg/ha)
Control 1479 1160 1341 1447 1357 a
Granular with seed 2309 1377 2167 2277 2031 b
Granular side-banded 2212 1470 1916 1941 1885 b
Mean (cultivar)   2000 b   1336 a    1808 b    1881 b

*- Means followed by the same letter are not significantly different

Discussion
Research results from experiments in Manitoba show that dry bean will respond to

N fertilizer application. The same has been shown in work done in Saskatchewan
(Shirtliffe, personal communication). After conducting experiments in western Nebraska
and northeastern Colarado, Blumenthal et al. (2000) concluded that nitrogen fixation
alone was not sufficient to optimize yield. In their work N fertilizer increased yields by
an average of 600 kg ha-1. The response to inoculation was inconsistent in the work done
in Manitoba. The work done in Saskatchewan, however, seem to indicate that the
response to Rhizobium inoculant may be cultivar specific. Some cultivars (e.g. CDC
Camino) are poor nitrogen fixers and growers using such cultivars should probably be
adding nitrogen fertilizer. CDC Camino has been shown to respond to N fertilizer
application (Shirtliffe, personal communication).  Other dry bean cultivars will fix up to
60 kgN/ha (e.g. CDC Pinnacle). This level of fixation is comparable to what other
researchers have reported.  Rennie and Kemp (1983) reported that beans derive
approximately 50% of their plant N from symbiotic N2 fixation. In their study, the actual
amounts of N2 fixed varied between 40kg/ha and 125 kg/ha with climbing beans having
higher %Ndfa than bush cultivars.



5

Table 2.  Effect of inoculation treatment on N2 fixation of four common bean cultivars in 1998
in Saskatchewan (averaged over two locations and two years)

Cultivar/Line

CDC
Pinnacle

CDC
Camino

CDC
Altiro

C962 Mean

Growth habit Indeter Deter Indeter Deter

Days to maturity 101 102 95 94

Treatment % Nitrogen derived from atmosphere (Ndfa)
Control 42.3 29.2 30.3 33.6 33.8 a
Granular with seed 77.8 50.9 67.0 68.6 66.1 b
Granular side-banded 75.7 39.5 68.9 65.1 62.3 b
Mean (cultivar)   65.2 c    39.9 a    55.4 b    55.8 b

N2 fixed (kg/ha)
Control 17.0 10.8   10.5 13.0 12.8 a
Granular with seed 62.1 22.1   49.6 50.4 46.1 b
Granular side-banded 57.7 18.1   45.5 42.2 40.9 b
Mean (cultivar)    45.6 c    17.0 a      35.2 b    35.2 b

*- Means followed by the same letter are not significantly different

Summary
Results discussed above suggest that nitrogen fertilizer management for dry bean

production may be more complex compared to that of other pulse crops. This could be
due to the large interactions between genotype and environment. Thus, agronomy
recommendations for dry bean may need to be more variety specific.   From results of
studies discussed in this paper future research directions that may improve on the
understanding of inoculant and nitrogen fertilizer use in dry bean include:

1. The level of specificity between Rhizobium strain and bean genotype. Could this be
the limiting factor?

2. The effect of bean cultivar on the bean-Rhizobium symbiosis process.
3. The work on response of dry bean cultivars to N fertilizer in different bean production

systems should continue.  This is especially important since Rhizobium inoculants
may not be effective in some bean cultivars as discussed above.
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