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Southern NSW Trials
Improving Nitrogen Fixation in Lentils
REF: 9175189
INDEPENDENT AGRONOMY ADVICE + CUTTING EDGE RESEARCH

Enhancing Nodulation in Lentils
KEY POINTS
•

New acid tolerant strains of rhizobia are showing promise for lentils grown on
acid soils.

•

The positive connections between acid tolerant strains and plant health,
growth and nodulation of lentils on acid soils paves the way for lentils to
become an integral part of our cropping rotations.

•

Visual differences observed between acid tolerant strains and current strains
show we can enhance nodulation in lentils and therefore improve nitrogen
fixation.

•

There is no reason similar positive results couldn’t be also gained on other
pulses such as chickpeas, vetch, fieldpeas, etc......

BACKGROUND
Legumes are a key part of the western cropping system, providing a rotational break option from cereal
crops. They may be used for pest or disease management, as well as for an additional source of nitrogen
within the system.
Several pulse crop options are available to growers, and in the western cropping area there has been uptake
of and significant areas planted to lupins, field peas, vetch, and more recently lentils. All of which differ
vastly in their agronomy, and it is imperative for economic viability that the fungicide, fertiliser and inoculant
practises are managed effectively for each crop type.
These critical decisions are made in the planning phase, prior to sowing, and determine the success and
potential yield of each crop type.
With lentils a relatively new crop in the area, growers and agronomists are still learning about the best way to
manage them. Unlike other pulses commonly grown in the area, lentils have had issues with nodulation on
acid soils, and are the worst of all the pulses grown in the area. This has implications for both the lentil crop
and the proceeding cereal crops.
Whilst the issue may be related to acid soils, other factors such as inoculant application and sensitivity of the
inoculant group to factors found in local soils may be the cause.
Being a new crop grown in the area, it is important to get an understanding of how they best nodulate and
whether management practices contribute to the success.
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TRIAL AIM:
The aim of the trial was to investigate new and commonly used inoculants and rates as well as management
techniques that improve nitrogen fixation through enhanced nodulation in lentils.

TRIAL OBJECTIVES:
The objectives of the trial were:
1. To assess new acid tolerant peat inoculant strains of rhizobia suitable for lentils
2. To assess management practices that enhance nodulation of lentils on acid soil
3. To make specific inoculant recommendations for growing lentils on acid soil

METHODOLOGY:
The trial was established on the Ag Grow Agronomy research farm ‘Ridge Top’ near Beelbangera, 16km NE
of Griffith in southern New South Wales. The paddock chosen for the trial had a low level of soil nitrogen, an
acid pH of 4.9 (CaCl2) and a P level of 57ppm (Colwell P).
The trial was sown with a Morris Contour Drill plot seeder with 25cm row spacings x 7 rows. Plots were 11m
x 1.75m (19.25m2). The variety used for the trial was Ace, with the trial sown on the 2nd May, 2017 at 40 kg/
ha with 80 kg/ha MAP. Appropriate pest and weed control was undertaken pre-emergence and again in crop.
The trial was harvested on 1st November, 2017.

Treatments
Treatments, including the various strains and forms
of rhizobia, were applied to the lentils the day before
sowing, with specific attention to not contaminate
inoculant between treatments. Lime incorporated
treatments were also applied before sowing, figure 1.
The trial was replicated three times in a randomised
complete block design. There were 16 treatments in
the trial including:
1. Nil

Figure 1: Lime being incorporated in treatments
9 and 10 before sowing of the trial.

2. Peat inoculant at 5kg/t
3. Peat inoculant at 10kg/t
4. Granular Legume Inoculant 10kg/ha with
fertiliser
5. Peat inoculant at 5kg/t + Granular Legume
Inoculant 10kg/ha
6. Peat inoculant 5kg liquid inject
7. 1t/ha lime IBS + Peat inoculant at 5kg/t
8. 3t/ha lime IBS + Peat inoculant at 5kg/t
9. 1t/ha lime incorporated + Peat inoculant at 5kg/t
10. 3t/ha lime incorporated + Peat inoculant at 5kg/t
11. Peat inoculant at 5kg/t + inoculant food
12. Peat inoculant at 10kg/t + inoculant food
13. Peat inoculant at 5kg/t + liquid lime
14. New peat inoculant acid tolerant 1 -SRDI 954
15. New peat inoculant acid tolerant 2 - SRDI 969

Note: Inoculant food in this trial refers to pulse seed
coat product Foundation, by Lovelands, which
contained zinc, manganese, molybdenum and
seasol with <1% microorganisms.
The Granular Legume Inoculant used in this trial was the
BASF product Nodulator®, a clay-based granular inoculant
specific for Group E & F.
The liquid lime used in the trial was a Soil Solution Product
PH-PLUS, a liquid suspension of technical grade calcium
carbonate.

16. New peat inoculant acid tolerant 3 - WSM 4643
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2017 SEASONAL CONDITIONS
The 2017 season was a relatively dry one with only
244.4mm of rain falling till the end of November,
with the majority of that rain falling after the crop had
senesced.
Growing season rainfall was well below average
with only 92mm of rain falling from 1st April to 30th
September, compared to the long term average of
201mm, in Griffith, table 1.
Frosts events occurred throughout July and August,
but were more prolific in August with temperatures
getting as low as -4.7oC on the 20th and -5.2oC on
the 28th August in the paddock (data taken from
temperature loggers at wheat head height in a semi
enclosed plastic drum at Rankins Springs). These
frost events were 11 hours and 12 hours in duration,
respectively.
Mice were an issue throughout the 2017 season,
causing a lot of damage in some paddocks. The trial
was baited as needed for mice throughout the season
and as such mice damage did not impact on the
results of this trial.

Table 1: Monthly Rainfall (mm) - Griffith Airport .
MONTH

2017

January
February
March
April
May
June
July
August
September
October
November
December

18
7.4
48.8
21
28.6
2.2
13.4
26.6
0
55
23.4
100.6

Average Long Term
1958-2017
34
29
35.8
27.6
35.4
35.3
34
35.7
33.4
38.3
33.7
33.9

Total

345

406.1

Monthly Rainfall (mm) - Griﬃth Airport

Figure 2: Trial Establishment, 31st May 2017

RESULTS AND DISCUSSION:
The trial was statistically analysed by Howqua
Consulting. Given the frost, dry growing season and
dry finish to the season there were no significant
differences between treatments in this trial in 2017.
However positive differences/trends were observed
for some treatments, with the new acid tolerant strains
showing promise.

Establishment
Establishment was scored from 0 to 9, with 0 being
very poorly established and uneven and 9 being very
evenly established. Establishment scores were taken
31st May, when the crop had 2-4 nodes, figure 2.

Figure 3: Crop vigour assessment, 3rd July 2017

The trial established well, with scores ranging from
7.5 to 9, with treatment 15 (New peat inoculant
acid tolerant 2 - SRDI 969), having the highest
establishment score of 9.

Crop Vigour
A crop vigour score was also taken at establishment,
and again on 3rd July, when the lentils were budding (6
nodes), figure 3. This included any visual crop effects
such as colour and overall plant health.
Vigour scores at establishment ranged from 5 for
treatment 13 (peat inoculant at 5kg/t + liquid lime) to
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7.5 for treatment 10 (3t/ha lime incorporated + peat
inoculant at 5kg/t).
The second vigour assessment saw scores range
from 7 for treatments 1 (nil), 2 (peat inoculant
at 5kg/t) and 9 (1t/ha lime incorporated + peat
inoculant at 5kg/t) to 9 for treatment 8 (3t/ha lime
IBS + peat inoculant at 5kg/t).

NDVI at Flowering
Crop biomass was measured around flowering using
a hand held NDVI. Measurements were taken on
22nd August 2017 when the lentils were at early/mid
bloom, figure 4.
NDVI values ranged from 0.35 to 0.54. The
treatment which had the lowest NDVI value was
treatment 11 (Peat inoculant at 5kg/t + inoculant
food) and the treatment which had the highest NDVI
value was treatment 16 (new acid tolerant strain
3 - WSM 4643). The average NDVI value of the trial
was 0.46.

Figure 4: NDVI taken 22nd August 2017- Top
Treatment 16 and bottom treatment 11.

Nodulation Assessment
An assessment of nodulation was undertaken at
early flowering, when the lentils were at the late
vegetative to first bloom stage on 8th August, 2017.
This assessment was guided by Ross Ballard
(SARDI) and Nikki Seymour (DAF).
6 plants per plot were collected and placed in a
bucket of water to wash off the soil and rinse the
roots, figure 5. Each plant was then assessed for
plant height, root length, nodule number and given
an overall nodulation score based on nodule number
and nodule location. The nodulation scoring system
used for the trial is shown in table 2

Table 2: Scoring system used for the
classification of nodules, adapted from Corbin,
Brockwell and Gault (1977)
Nodule Score
0
0.5
1
1.5
2
2.5
2.75
3
4
5

Distribu�on and Number of Nodules
0-5cm of root
>5cm root
0
0
0
1 to 4
0
5 to 9
0
>10
Few
0
Few
Few
Few
Many
Many
0
Many
Few
Many
Many

Note: A score of 2.75 was added to the original scoring
system to cover plants with few nodules in the crown
and many >5cm.
• Many > 10 nodules
• 0-5cm of root is crown
• > 5cm root is elsewhere

Figure 5: Plants placed in buckets to wash soil
from roots..
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Plant Height & Root Length:

Nodule Number & Nodulation Score:

There were visual differences between treatments
and between plots for plant height, although the
differences were not significant as they were
variable.

There were large variations in nodulation and
nodulation scores, using the scoring system
previously mentioned, between treatments and
between reps of the trial. There were significant
differences but due to the variation of the trial there
were very high CV.

Plant height ranged from 21cm for treatment 1 (Nil)
to 27cm for treatment 16 (new acid tolerant strain 3 WSM 4643), figure 6.
There was very little difference between the length
of the roots for each treatment, with average root
lengths ranging from 17.6cm to 20.3cm.

Figure 6: Plant height difference between
Tallest (top) and shortest (bottom).

There were visual treatment differences for nodule
number and nodule score for each treatment in the
trial, figure 7.

Figure 7: Nodule formation of the nil treatment
(top) and 3t/ha lime incorporated + peat
inoculant@ 5kg/t (bottom).
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For nodule number treatment 5 (Peat inoculant at
5kg/t + Granular Legume Inoculant 10kg/ha) had the
highest number of nodules, significantly higher than
all other treatments. This was followed by treatment
16 (New peat inoculant acid tolerant 3 – WSM4643).
Treatment 1 (Nil) had significantly the lowest amount
of nodules, figure 8.

Treatment 13 (peat inoculant @ 5kg/t + liquid lime)
had the highest nodulation score, with nodules
mostly concentrated in the crown area. Treatment 5
(peat inoculant @ 5kg/t + granular legume inoculant
@ 10kg) had the highest number of nodules, with
most nodules on the lateral roots and only a few
clusters on the crown area.

Table 3 shows the average nodulation score for each
treatment. The treatment which had significantly the
lowest number of nodules and lowest nodulation
score was the nil treatment, treatment 1.

The new acid tolerant strains (treatments 14, 15
& 16) had nodules mostly below the crown on the
lateral roots and at depth.

Figure 8: Nodule Score for each of the treatments (LSD = 14.449)
80

LSD = 14.449

70

Nodule number

60
50
40
30
20
10
WSM 4643

SRDI 969

SRDI 954

Peat inoculant at 5kg/t + liquid lime

Peat inoculant at 10kg/t + inoculant
food

Peat inoculant at 5kg/t + inoculant
food

3t/ha lime incorporated + Peat
inoculant at 5kg/t

1t/ha lime incorporated + Peat
inoculant at 5kg/t

3t/ha lime IBS + Peat inoculant at
5kg/t

1t/ha lime IBS + Peat inoculant at
5kg/t

Peat inoculant 5kg liquid inject

Peat inoculant at 5kg/t + Granular
Legume Inoculant 10kg/ha

Granular Legume Inoculant
10kg/ha with fert

Peat inoculant at 10kg/t

-20

Peat inoculant at 5kg/t

-10

Nil

0

Table 3: Nodulation score , adapted from Corbin, Brockwell and Gault (1977) - LSD = 1.129
Treatment
TREATMENT
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16

Nil
Peat inoculant at 5kg/t
Peat inoculant at 10kg/t
Granular Legume Inoculant 10kg/ha with fert
Peat inoculant at 5kg/t + Granular Legume Inoculant 10kg/ha
Peat inoculant 5kg liquid inject
1t/ha lime IBS + Peat inoculant at 5kg/t
3t/ha lime IBS + Peat inoculant at 5kg/t
1t/ha lime incorporated + Peat inoculant at 5kg/t
3t/ha lime incorporated + Peat inoculant at 5kg/t
Peat inoculant at 5kg/t + inoculant food
Peat inoculant at 10kg/t + inoculant food
Peat inoculant at 5kg/t + liquid lime
SRDI 954
SRDI 969
WSM 4643

Nodule Score
0.14
2.39
3
1.99
2.75
2.95
2.11
3.03
1.61
2.78
2.18
1.64
3.99
2.18
3.36
2.49
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Grain Yield
The trial was harvested on 1st November 2017,
a week after it was desiccated with 800ml
Gramoxone® + 1.2L Reglone® + 20g Sharpen®,
figure 9.
A shatter score was undertaken on each plot before
harvest to check losses between desiccation and
harvest. This score showed there to be minimal
losses due to shattering.
Although there were variations in root length,

nodule number and nodulation scores, between the
treatments there were no correlations with grain
yield.
There were no significant differences between
treatments for grain yield, given the season. The
average grain yield of the trial was 394 kg/ha, with
yields ranging from 222 kg/ha for treatment 10 (3t/ha
lime incorporated + peat inoculant @ 5kg/t) to 536
kg/ha for treatment 9 (1t/ha lime incorporated + peat
inoculant @ 5kg/t), figure 8.

Figure 9: Trial Harvest, 1st November 2017

Figure 10: Average Grain Yield of each treatment (kg/ha) LSD = 231
600
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SRDI 969

SRDI 954

Peat inoculant at 5kg/t + liquid
lime

Peat inoculant at 10kg/t +
inoculant food

Peat inoculant at 5kg/t + inoculant
food

3t/ha lime incorporated + Peat
inoculant at 5kg/t

1t/ha lime incorporated + Peat
inoculant at 5kg/t

3t/ha lime IBS + Peat inoculant at
5kg/t

1t/ha lime IBS + Peat inoculant at
5kg/t

Peat inoculant 5kg liquid inject

Peat inoculant at 5kg/t + Granular
Legume Inoculant 10kg/ha

Granular Legume Inoculant
10kg/ha with fert

Peat inoculant at 10kg/t

Peat inoculant at 5kg/t

0
Nil

Grain Yield (kg/ha)

500
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CONCLUSION:
Given the season it is hard to draw conclusions from a single trial in a single year. The dry finish to the
season in conjunction with the severe frosts experienced throughout the season, played a part in the
variability of this trial. Despite the lack of statistical differences in the trial there were visual differences
evident between treatments throughout the season and at harvest. The visual differences observed shows
the potential of some of the treatments to enhance nodulation in lentils and therefore improve nitrogen
fixation.
Un-inoculated plots appeared more yellow, spindly, and less vigorous and were poorly nodulated, compared
to the treated plots. Doubling the rate of peat inoculant from 5 to 10kg/t improved crop vigour, with the
double rate having a higher NDVI, more nodules and a higher nodulation score.
The addition of either 1 or 3 t/ha of lime incorporated by sowing also enhanced the lentils, which were
visually more vigorous early, darker in colour and better nodulated.
Given the acidity of the trial site, positive differences were observed for the new acid tolerant peat inoculant
strains of rhizobia over the current recommended strain of rhizobia in this trial. The 3 new acid tolerant strain
treatments, visually looked good at establishment, flowering and harvest. These treatments were also more
vigorous and even, showing their potential to establish, nodulate and grow well in acid soils.

RECOMMENDATIONS & IMPLICATIONS OF RESEARCH:
The observations made throughout the trial have implications to further this research for the benefit of
the farming community. The positive connections between acid tolerant strains and plant health, growth
and nodulation of lentils on acid soils paves the way for lentils to become an integral part of our cropping
rotations.
This trial work will pave the way for more lentils to be grown in the area. Having a suitable acid tolerant strain
of rhizobia for lentils will enable lentils to reliably establish on acid soils with good levels of nodulation and
therefore nitrogen fixing capabilities.
Carrying out similar trials in 2018 will improve the validity of the data and also recommendations of using an
acid tolerant rhizobia strain when growing pulses on an acid soil.
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