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Introduction

Legume inoculation ensures that a large and effective rhizobial population is available  in
the rhizosphere of the plant to facilitate nodulation and nitrogen fixation. This is commonly
done by treating ‘the seed with peat or liquid inoculant before planting. However, seed
treatment with fungicides or insecticides, the size of the seed, and possible seed-coat toxicity
(Brockwell  et al. (1980) may limit the number or efficacy of rhizobia applied resulting in
reduced effectiveness of seed inoculation. Consequently, interest is growing in the use of
granular inoculants since they are applied directly to the soil. The granular inoculation method
is advantageous in terms of handling and ease of application. However, no information is
available on the optimum placement depth for effective nodulation and nitrogen fixation.
Therefore the objectives of this study were to 1) evaluate the effect of seed and soil
inoculation methods on nodulation, nitrogen fixation and yield in chickpea (Cicer arierinum
L) and 2) determine the optimum placement depth for granular inoculum.

--

Materials and methods

Site and experimental procedure
In 1997 field experiments were conducted at four sites in Saskatchewan; near Elbow,

_

Kenaston, Outlook and Watrous. Myles desi chickpea was used in a randomized complete
block design with four replications at all sites. At both Kenaston and Watrous, similar
experiments with Sanford kabuli  chickpea were conducted. Inoculation treatments included:
1) seed inoculation using two different peat inoculants (A or B brand) or two different liquid
inoculants (A or C brand); 2) soil inoculation, with two granular inoculants’ (A or B) placed
either in the furrow with the seed at planting, 2.5 cm below the seed or 8 cm below the seed
and 3) a non-inoculated control. Inoculants with the same designation (i.e. A, B & C) indicate
identical Rhizobium strains were used in the different formulations. Flax was planted as a
reference crop for the assessment of percentage nitrogen derived from the atmosphere
(%Ndfa). Commercial inoculants were used and all were applied at the recommended rate.

Sample collection and analysis

Five plants from each plot were randomly sampled at the early pod-filling  stage to examine
nodulation pattern and dry matter production. At harvest, seed yield, seed protein content and
%Ndfa for the seed were determined on a plot basis. Nitrogen fixation was determined by the
natural abundance method using a c value (615N of chickpea grown in N-free medium) of
- 1.65,  as determined by Peoples and Turner according to Herridge  et al. ( 1995).
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Statistical analyses

Data for each site were analyzed separately, tested for homogeneity of variance (Snedecor
and Cochran 1980) and the combined analyses performed. using GLM software developed by
SAS Institute.

Results and discussion

Inoculation treatments produced similar results for both desi and kabuli genotypes at all
locations. Therefore, data were averaged over locations for each genotype. Nodulation
occurred on non-inoculated plots, even though soil samples collected prior to planting
contained no Rhizobium ciceri, according to pot studies conducted in a growth chamber.

Nodule dry weight was generally higher for the granular and peat inoculant treatments than
for the liquid formulated inoculants (Table 1). Inoculation methods significantly affected the
distribution of nodules on the root system and distribution was consistent in both chickpea
types. Whereas peat and liquid inoculants formed more nodules at the crown region,
inoculants applied to the soil produced more lateral root nodules, especially when the granular
inoculum were placed below the seed. Granular inoculant at 2.5 and 8.0 cm below the seed
formed 78-96%  of the nodules on the lateral roots compared to 25-4796 for the peat and
liquid inoculants. This suggests that nodule formation is restricted to the vicinity of the point
of inoculum placement. The higher number of lateral root nodules formed by the granular
inoculant placed in the seed furrow compared to the seed-applied inoculants indicates the poor
motility of rhizobia when inoculated onto the seed.

Table 1. Nodulation and dry matter production at the early pod-filling  stage, averaged over
Elbow, Kenaston, Outlook and Watrous locations for desi and Kenaston and Watrous
locations for kabuli chickpea.

__________________  _____  Desi_________________________ ___ ____  ___________________Kabu~i_____  _____________

Nodule dry wt. Total nod. Shoot dry Nodule dry wt. Total nod. Shoot dry
(mgiplant) dry wt. Wt. (mg/plant) dry wt. wt.

(mg/pIa.m) (g/plant) (mg/plant)  (g/plant)
Inoculant Crown Lateral Crown Lateral
Non-inoculated 6.6 17.6 24.2 3.71 9.5 13.0 22.5 6.18
Liquid (A) 47.8 26.6 74.4 3.87 64.3 58.0 122.2 6.24
Liquid (C) 65.6 21.9 87.5 4.02 80.3 53.5 133.8 6.14
Peat (A) 88.0 42.4 130.4 4.14 178.8 67.0 245.8 6.55
P e a t ( B )  100.1 30.0 130.1 4.00 221.3 88.0 309.3 8.14
Gran. (A)-seed 55.9 51.4 107.3 4.36 82.0 116.3 198.3 7.32

- 2.5 cm 22.4 99.5 121.9 4.88 20.3 174.3 194.5 8.94
- 8.0 cm 6.1 78.4 84.5 4.54 4.3 122.8 127.0 8.25

Gran. (B)-seed 82.5 55.1 137.6 4.72 38.0 123.0 161.0 7.69
- 2.5 cm 30.0 120.8 150.8 4.68 22.5 162.5 185.0 8.83
- 8.0 cm 29.6 104.9 134.5 5.28 28.3 184.8 213.0 8.64

LSDmr, 40.7 39.8 46.2 0.71 71.5 47.1 75.8 1.49
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Table 2. Seed yield, protein content and percentage N derived from atmosphere for the seed.
average over Elbow, Kenaston, Outlook and Watrous locations for desi and Kenaston and
Watrous locations for kabuli chickpea.

Inoculant

Non-inoculated
Liquid (A)
Liquid (C)
Peat (A)
Peat(B)
Gran.  (A)-seed

- 2.5 cm
- 8.0 cm

Gran.  (B)- seed
- 2.5 cm
- 8.0 cm

LSh.05,

______________________Desi____________
Seed yield Protein %Ndfa

(kg/ha’) content (o/o)
962 16.7 31.0

1211 18.7 38.4
1218 19.2 40.8
1390 19.7 51.1
1329 20.1 58.0
1237 19.6 46.7
1385 21.5 55.9
1466 20.1 51.8
1171 19.9 53.8
1392 20.7 53.8
1451 20.5 59.0
246 1.6 8.7

_____________________Ka~u~i___________
Seed yield Protein %Ndfa
(kg/ha) content (%)

658 17.3 37.9
821 18.9 41.3
928 19.0 56.0

1159 21.7 57.4
921 20.3 6”.-’_ _

1054 21.4 64.0
1290 22.0 64.5
1291 21.9 60.7

975 21.4 59.6
1090 21.2 63.7
1105 20.9 61.6
306 1.4 12.4

Shoot dry matter per plant at the early pod-ftig stage, seed yield, seed protein content
and %Ndfa.for  the seed were higher when the granular inoculants was placed below the seed
than when placed in the seed row or for peat and liquid inoculants (Table 2). Differences in
yield parameters was likely due to the different nodulation patterns. Previous studies have
shown the importance of lateral root nodulation on nitrogen fixation potential in soybean
(Hardarson et al. 1989). Nodules at the crown region are formed early in the growing season
and become less active with age. On the other hand, the nodules which develop later on the
lateral roots probably remain active for the entire period of pod setting, pod-ftig and seed
maturation- a period of high N demand. To test this hypothesis, shoot dry matter was
regressed on crown and lateral root nodule dry weight on an individual plant basis.The results
showed that dry weight of the lateral root nodules accounted for 77-84% of the variation in
shoot dry matter at the early pod-filling  stage (Table 3). In contrast, dry weight of the crown
root nodules explained only 5-6 % of the variation in shoot dry matter on an individual plant
basis. Furthermore, dry weight of the lateral nodules on an individual plant basis accounted for
54-55% of the variation in seed yield on a plot basis. Dry weight of the crown nodules on an
individual plant basis accounted for only 1 %I of the variation in seed yield on a plot basis.
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Table 3. Equations relating seed yield (kg/ha), shoot dry matter (g/plant), lateral and crown
nodule dry wt (mg/plant)  at early pod-filling stage.

____  ____ _ _______ Desi____________ ________________Kabuli  ___________

Regression Equation R2 Equation R’
Shoot DM on lateral nod. Y = 3.69 + 0.012X 0.77 Y = 5.59 +0.018X 0.84
Shoot DM on crown nod. Y = 4.55 - 0.004x 0.06 Y = 7.77 - 0.003X 0.05
Yield on lateral nod. Y = 1107 + 2.99x 0.55 Y = 756 + 2.56X 0.54
Yield on crown nod. Y = 1304-0.44x 0.01 Y = 1045 - 0.28X 0.0 I

In summary, the data suggest that peat and liquid inoculant were not significantly different
from each other for the parameters measured. The granular inoculants were superior to either
the peat or liquid inoculants. Furthermore, granular inoculants placed below the seed were
consistent in their performance and better than granular inoculants placed in the seed furrow.
These observations are based on a single year of data, and, in light of the severe drought
conditions experienced in 1997, it is possible that the yield advantage associated with the
below-seed placement of granular inoculants was due to better moisture conditions in this soil
zone. This study is ongoing.
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