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ABSTRACT

A collaborative research study between the University of Saskatchewan, the
Saskatchewan Wheat Pool, MicroBio Rhizogen Corp. and Westco Fertilizers Ltd. was initiated
to identify and develop effective rhizobial inoculants for chickpea and bean grown in
Saskatchewan. A large collection of chickpea and bean Rhizobium strains were procured from
laboratories around the world. Using a series of growth chamber experiments, the Rhizobium
strains were ranked in accordance to their ability to promote growth and enhance N
accumulation. Although some Rhizobium strains were equally effective at promoting growth of
both desi- and kabuli-type chickpea, the ability of some strains to promote growth depended on
the host chickpea variety. Following initial screening, six chickpea Rhizobium strains (BCF6,
BCF7, BCF11, BCF14, BCF31 and BCF32) and four bean Rhizobium strains (MWB6, MWB17,
MWB3 1 and MWB39) were identified as potentially superior strains and were further evaluated
in the first year of field studies, conducted at three sites in 1995. Field data confirmed that the
different Rhizobium strains differed in their ability to enhance crop growth and seed yield of
chickpea and bean. Biological nitrogen fixation was estimated using the N difference method
and the l5N natural abundance technique. Both techniques provided similar estimates of N2
fixation. Preliminary estimates of N2 fixation (lsN natural abundance technique) from a single
site indicate that both desi- and kabuli-type chickpea responded favorably to inoculation with
Rhizobium strain BCF32. As much as 94% of the N accumulated by desi-type chickpea and 81%
of the N accumulated by kabuli-type chickpea was derived via N2 fixation.

INTRODUCTION

Chickpea and common bean have been identified as promising specialty crops for
Saskatchewan. Although currently limited, the acreage of each crop is expected to increase in
the coming years. For example, with the development and introduction of new disease resistant
chickpea varieties, it has been predicted that chickpea acreage could surpass 50,000 acres before
the year 2,000 (Al Slinkard, pers. comm.). As acreage increases, the need to identify and
develop appropriate Rhizobium inoculants becomes greater.

Unlike other legumes currently grown in Saskatchewan such as pea and lentil, chickpea is
characterized by the extreme specificity of its legume-Rhizobium symbiosis. Only a limited
number of specific Rhizobium strains are capable of nodulating chickpea, none of which are
indigenous to Saskatchewan. Therefore, first-time chickpea growers using commercial
inoculants introduce new Rhizobium strains into their soil. Because introduced Rhizobium can
survive in the soil and compete with other strains in subsequent years, it is crucial that the
introduced organism is a superior strain. Unfortunately, the ability of a particular Rhizobium
strain to fix N is not necessarily related to its competitiveness. Therefore, a less effective strain
could out-compete a superior N-fixer for nodulation sites on a plant root, thereby limiting the N-
fixing potential of the symbionts. Clearly, there could be long-lasting repercussions if a producer
initially uses a relatively ineffective inoculant. The objective of our study is to develop effective
inoculants for chickpea and bean in Saskatchewan.
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MATERIALS AND METHODS

Bacterial strains

A large collection of chickpea and bean Rhizobium strains were procured from
laboratories around the world. Individual strains initially were revived and grown in liquid Yeast
Mannitol broth (YMB) and subsequently streaked on Yeast Mannitol agar (YMA) plus congo red
(Somasegaran and Hoben, 1985). The presence or absence of potential contaminants was noted
and single colonies subsequently were reisolated from the YMA plates. Single colonies were
used to reinoculate 50 mL YMB and the cultures were grown for approximately 3 to 5 days to an
optical density of 0.526 (h 660 nm ). Cultures were centrifuged (10,000 rpm for 10 min) and the
pellet was resuspended in 20 mL YMB plus 10% glycerol. Aliquots of the re-suspended cultures
subsequently were frozen for storage (-8o’C).

Growth Chamber Screening

Initial screening of the Rhizobium strains was conducted in a growth chamber using desi-
type chickpea (90R-87), kabuli-type chickpea (UC-28) and pinto bean (92235), as the host
plants. The efficacy of each chickpea Rhizobium strain was evaluated using both an N-free
gnotobiotic (i.e., initially sterile) system (Leonard Jars) (Vincent 1970) and a non-sterile soil
(1.5 kg) pot system. The non-sterile soil was a Dark Brown Bradwell soil and did not contain
any indigenous Rhizobium strains capable of nodulating chickpea. Thirty-eight chickpea
Rhizobium and 43 bean Rhizobium strains were evaluated. In each case, surface sterile seed was
pre-germinated on water agar plates, transferred to either the Leonard jars or the nonsterile pots,
and subsequently inoculated with 1 mL liquid culture (YMB) containing 109 Rhizobium mL-1.
Treatments included an uninoculated control, inoculation with a killed Rhizobium, and a barley
control. Plants were grown for 6 weeks and dry matter and N accumulation was determined. A
completely randomized design with four replicates was used. The Rhizobium strains were ranked
in accordance to their ability to promote growth and enhance N accumulation.

Field Studies

Following initial screening, six chickpea Rhizobium strains (BCF6, BCF7, BCF1 1,
BCF14, BCF31 and BCF32) and four bean Rhizobium strains (MWB6, MWB17, MWB31 and
MWB39) were identified as potentially superior inoculants and were further evaluated in the first
year of field studies, conducted in 1995. Field experiments were conducted at three locations in
Saskatchewan. Soil at the Watrous site was classified as a Bradwell-Weyburn Dark Brown soil.
Soils at both the Rosetown and MooseJaw sites were classified as Regina Orthic Dark Brown
soils. At each location, three separate experiments (i.e., one bean experiment and two chickpea
experiments) were conducted to evaluate strain efficacy using pinto beans, desi-type chickpea
and kabuli-type chickpea as the host plants. The experiments were harvested at midseason (i.e.,
early flowering) and maturity. Dry matter, N accumulation, N2 fixation, and seed yield were
measured. Nitrogen fixation was estimated using both the N difference method and the l5N
natural abundance method (Bremer and Van Kessel, 1990). Estimates of N fixation currently are
available only for the MooseJaw site.

The experiments were conducted using a completely randomized block design replicated
six times. The chickpea experiments consisted of eight treatments, including the six Rhizobium
strains, a control inoculated with sterile peat, and a non-legume control (flax). The bean
experiment consisted of six treatments including the four Rhizobium strains, a control inoculated
with sterile peat, and a non-legume control (flax). The rhizobial inoculants, produced by
MicroBio Rhizogen Corp., were applied as a sterile peat formulation. Most probable number
plate counts and bioassays revealed that all organisms were successfully established in the sterile
peat (> log organisms per gram peat).
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RESULTS AND DISCUSSION

Differences in dry matter and N accumulation of desi-type chickpea grown in sterile
Leonard Jar assemblies versus non-sterile soil pot experiments indicate that the ranking of the
Rhizobium was dependent on the system used (Table 1). The response of kabuli-type chickpea to
different Rhizobium strains similarly was dependent on the system used (data not shown).
Apparently, indigenous organisms other than rhizobia, present in the non-sterile soil influenced
the relative success of the chickpea-Rhizobium symbiosis. For example, although strain BCF3 1
ranked third in dry matter production and second in N accumulation when grown in the sterile
system, it ranked only fifteenth and tenth for dry matter and N accumulation, respectively, when
grown in non-sterile soil.

Many researchers have used similar gnotobiotic systems to screen for effective
Rhizobium strains. These systems are designed to assess Rhizobium strains in the absence of any
competing organisms. However, systems which exclude the potential for interactions with
indigenous soil microorganisms may not be reflective of the performance of Rhizobium strains in
nonsterile soil and in the field. These observations underscore the need to assess and consider
the impact of indigenous organisms on a Rhizobium-legume symbiosis.

In some instances, ranking of the Rhizobium strains depended on the chickpea variety
(i.e., desi-type versus kabuli-type) (data not shown). Therefore, the challenge is to identify
organisms that are equally effective at fixing N2 irrespective of the chickpea variety.

On the basis of dry matter yield enhancement, strains MBW17, MBW31 and MBW39
were identified as having commercial potential as bean inoculants and were selected for further
testing in field experiments (data not shown). Strain MBW6 previously had been identified as
having excellent fermentation characteristics and was included in the field testing.

Persistent cool wet conditions following seeding in early May resulted in significant seed
rot losses of pinto bean, in particular, and to a lesser degree, of the kabuli-type chickpea. It
appeared that the desi-type chickpea was more tolerant to the unfavorable growing conditions
and emergence was not impaired.

As a consequence of the extremely poor emergence of pinto bean, the Rosetown site was
completely abandoned. A severe hailstorm hit the MooseJaw site at the end of August prior to
harvest. Despite crop damage, final dry matter was collected and seed yield determined. In
general, the pinto bean crop did not attain sufficient height at either Watrous or MooseJaw to be
combined using small plot equipment. Therefore, yield determinations of this crop are based on
hand-harvested material.

Field data confirmed that the different Rhizobium strains differed in the ability to enhance
seed yield of both desi- and kabuli-type chickpea (Tables 2 and 3). Seed yields were
significantly enhanced by the rhizobia as compared to the uninoculated controls at all sites.
Moreover, inoculation with effective Rhizobium strains significantly increased the harvest index
of the kabuli-type chickpea at all sites whereas the harvest index of desi-type chickpea was
enhanced at the MooseJaw site alone. These observations suggest that improved N nutrition
associated with improved N2 fixation was directed towards seed yield enhancement. Similarly,
the percent N in the seed and the seed N accumulation of desi- and kabuli-type chickpea grown
at MooseJaw were significantly enhanced by rhizobia inoculants (Table 4).

Preliminary estimates (single site evaluation) of N2 fixation using the difference method
and the lsN natural abundance method were very similar (data not shown). Using the 15N
natural abundance method, estimates of N2 fixation by chickpea indicate that N2 fixation plays
an important role in the N nutrition of this crop (Table 5). As much as 94% of the N in desi-type
chickpea inoculated with strain BCF31 and 81% of the N in kabuli-type chickpea inoculated with
BCF3 1 was obtained via N2 fixation.
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The degree to which chickpea responded to the rhizobia apparently depended, in part, on
the initial levels of soil inorganic N; the most dramatic seed yield responses were obtained at
MooseJaw where spring soil N levels were considered extremely low (< 10 kg N ha-l to 60 cm).
The relatively poor seed yields measured at the MooseJaw site likely occurred as a result of the
late August hailstorm. Poor kabuli-type chickpea yields at Watrous reflect significant seed rot
losses associated with the adverse climatic conditions following seeding.

Combined site analysis (data not shown) indicated that BCF6, BCF31, and BCF32
performed very well with both chickpea varieties. In particular, BCF32 has been identified as a
particularly effective inoculant for enhancing chickpea seed yield. It is interesting to note that
while BCF32 had performed well enough in the growth chamber screening to be included in the
field testing, this strain was not initially considered the ‘best candidate’. These results underscore
the importance of field evaluations.

Pinto bean seed yields at both Watrous and MooseJaw were poor and high variability in
yields at the MooseJaw site in particular reflect the late-season hail damage suffered at this site
(Table 6). However, data suggest that rhizobia inoculants enhanced N fixation (%Ndfa) of pinto
bean as compared to beans nodulated by indigenous soil rhizobia (e.g., the control), and may
have contributed to enhanced seed yields.

Both growth chamber and field studies indicate that chickpea and pinto bean respond
favorably to rhizobia inoculants. It is clear that field studies play an important role in the
screening and development of new legume inoculants. In the coming field season, we will be re-
testing some of the strains identified during 1995 as effective N-fixers, testing new strains, and
comparing our best strains with commercially available products. In this manner, effective and
competitive rhizobia inoculants can be developed for use by Western Canadian producers.
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Table 1. Effect of different Rhizobium strains on accumulation and ranking of dry matter and
nitrogen in desi-type chickpea grown in sterile (Leonard Jars) and non-sterile (soil)
systems.

Strain

----Sterile System (Leonard Jars)---- ------Non-sterile System (Soil)------

--Dry Matter-- --N Uptake-- --Dry Matter-- --N Uptake--

g pot-l Rank?  mg pot-1 Rank g pot-l Rank mg pot-1 Rank

BCF1 0.90 20 21.2 18 3.14 21

BCF2 1.08 5 29.0 7 3.45 9

BCF3 0.75 31 20.1 20 3.44 10

BCF4 1.01 8 28.7 8 3.43 11

BCFS 1.03 6 31.6 5 3.49 8

BCF6 1.23 1 39.2 1 3.72 1

BCF7 0.76 30 31.7 4 3.65 2

BCF8 0.98 13 26.0 9 3.06 25

BCF9 0.68 36 10.2 32 2.79 31

BCFlO 0.78 25 14.9 26 2.32 35

BCFl  1 0.86 22 15.0 25 3.62 3
BCF12 0.74 32 12.4 29 2.93 27
BCF13 0.94 18 15.2 24 ND ND
BCF14 1.13 2 25.6 10 3.60 4

BCFlS 0.93 19 21.1 19 3.09 24

BCF16 0.99 9 14.8 27 2.91 28

BCF17 0.78 26 11.1 31 3.11 22

BCF18 0.71 34 8.7 37 1.88 36

BCF19 0.67 37 9.1 35 2.58 34

BCF20 0.68 35 8.8 36 3.25 17

BCF21 0.65 39 8.6 38 2.70 32

BCF22 0.67 38 7.7 39 2.89 30

BCF23 0.76 28 24.3 13 2.63 33

BCF24 0.98 11 30.5 6 3.50 7

BCF25 0.94 17 24.6 12 ND ND

77.3

91.4

82.7

96.0

92.3

103.9

111.6

89.6

83.3

28.7

104.0

71.8

98.3

74.3

54.0

84.3

35.4

68.9

86.9

66.4

69.8

68.0

108.8

26

13

22

9

12

4

1

14

1 9

36

3

28

ND
6

27

34

16

35

31

15

33

30

32

2

ND
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Table 1. continued.

Strain

----Sterile System (Leonard Jars)--- ------Non-sterile System (Soil)-----

--Dry Matter-- --N Uptake-- --Dry Matter-- --N Uptake--

g pot-l Rank?  mg pot-l R a n k  g pot-l Rank mg pot-l Rank

BCF26

BCF27

BCF28

BCF29

BCF30

BCF31

BCF32

BCF33

BCF34

BE35

BCF36

BCF37

Commercial*

Barley
control

Uninoculated
control

LSD (0.05)

1.02

0.97

0.86

0.97

0.77

1.11

1.09

0.95

0.76

0.72

0.98

0.87

0.99

7 23.3 15 ND ND

15 18.7 22 3.26 16

23 13.0 28 3.18 20

14 11.1 30 2.89 29

27 9.7 33 2.94 26

3 34.2 2 3.32 15

4 33.2 3 3.41 12

16 25.5 11 3.51 6

29 19.8 21 3.33 14

33 17.7 23 3.11 23

12 23.5 14 3.23 18

21 22.6 17 3.54 5

10 23.1 16 3.21 19

ND ND ND 1.28 37

0.80 24

0.27

9.5

9.7

82.9

84.0

70.2

79.9

95.2

96.2

100.7

92.6

83.0

83.6

97.9

78.4

12.5

ND

21

17

29

24

10

8

5

11

20

18

7

25

37

34 3.40 13 80.0 23

0.48 17.2

t “Rank” denotes the relative ranking from highest to lowest of each of the individual
Rhizobium strains within each column.

* The commercial strain consist of a ‘cocktail’ mix of three proprietary strains used in the
production of a commercially available inoculant. This may not reflect the relative dry
matter or N yields, nor the respective ranking of the formulated commercial product.
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Table 2. Effect of different Rhizobium strains on the final seed yield and harvest index of
field-grown (1995) desi-type chickpea.

Watrous

Seed Yield Harvest Index
(kg ha-l)

Rosetown MooseJaw Watrous Rosetown MooseJaw

BCF6 1178 (4)T 1725 (4)

BCF7 1308 (2) 1912 (1)

BCFll 1132 (5) 1606 (5)

BCF14 1104 (7) 1599 (6)

BCF31 1289 (3) 1738 (2)

BCF32 1445 (1) 1733 (3)

Control 1087 (6) 1441 (7)

LSD (0.05) 149 178

860 (2) 0.63 0.62 0.53

584 (4) 0.65 0.62 0.58

418 (6) 0.62 0.64 0.51

531 (5) 0.65 0.61 0.52

860 (2) 0.65 0.63 0.57

984 (1) 0.65 0.62 0.58

187 (7) 0.64 0.62 0.38

132 0.04 0.02 0.05

7 Numbers in parenthesis denote the relative ranking from highest to lowest of each of the
individual Rhizobium strains within each column.

Table 3. Effect of different Rhizobium strains on final seed yield and harvest index of field-
grown (1995) kabuli-type chickpea.

Watrous

Seed yield Harvest Index
(kg ha-l)

Rosetown MooseJaw Watrous Rosetown MooseJaw

BCF6

BCF7

BCFll

BCF14

BCF31

BCF32

Control

LSD (0.05)

607 (6)t 1265 (5) 967 (1)

636 (4) 1398 (2) 491 (5)

672 (3) 1216 (6) 477 (6)

717 (2) 1287 (3) 590 (4)

728 (1) 1286 (4) 947 (2)

624 (5) 1435 (1) 837 (3)

482 (7) 986 (7) 354 (7)

91 72 96

0.35 0.44 0.41

0.37 0.43 0.35

0.37 0.43 0.36

0.36 0.45 0.37

0.40 0.43 0.42

0.37 0.46 0.38

0.37 0.39 0.32

0.05 0.03 0.04

t Numbers in parenthesis denote the relative ranking from highest to lowest of each of the
individual Rhizobium strains within each column.
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Table 4. Effect of different Rhizobium strains on concentration and accumulation of seed N
in desi- and kabuli-type chickpea grown at MooseJaw in 1995.

Strain

-- Seed N -- ----Seed N Accumulation----

--(%)-- --(kg ha-l)--

Desi Kabuli Desi Kabuli

BCF6 3.78 3.39 33 33

BCF7 3.18 3.97 19 15

BCFll 3.33 2.93 14 14

BCF14 3.24 2.95 18 17

BCF31 3.76 3.25 32 31

BCF32 3.56 3.25 35 27

Control 2.58 2.47 4 10

LSD (0.05) 0.28 0.30 6 4

Table 5. Effect of different Rhizobium strains on symbiotic dinitrogen fixation in desi- and
kabuli-type chickpea grown at MooseJaw in 1995.

Strain

-- N&t -- ----Symbiotically Fixed N----

-- (%) -- --(kg ha-l)--

Desi Kabuli Desi Kabuli

BCF6 83 68 32 31

BCF7 75 54 18 15

BCFl  1 73 76 14 16

BCF14 90 72 20 20

BCF31 94 81 36 36

BCF32 91 73 37 28

Control 0 0 0 0

LSD (0.05) 14 10 8 6

t Nitrogen derived from the atmosphere via N2 fixation.
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Table 6. Effect of different Rhizobium strains on seed yield and symbiotic dinitrogen fixation
in pinto bean grown at MooseJaw in 1995.

Seed Yield (kg ha-l) Ndfaf (%)

Strain Watrous MooseJaw Watrous

MEzWl 848 293 42

MBw17 596 279 33

MBw31 800 403 48

MBw39 852 346 51

Control 743 279 32

LSD (0.05) 134 115 14

t Nitrogen derived from the atmosphere via N2 fixation.
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