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Abstract

The wuse of narrow-leaved plantain (Plantago
lanceolata) in pasture sowing mixtures has recently
increased following research demonstrating the value
of the ‘Tonic’ cultivar in reducing cattle urinary N
concentration, with likely benefits for reducing N
leaching from pasture systems. The purpose of this
study was to document the ways in which farmers are
using plantain, investigate the factors that enhance
successful establishment and persistence, and to test
a method of visual estimation of plantain content in
paddocks. This information will support verification of
animal intake, given that there is evidence that a critical
level of plantain is required in the diet to achieve
significant effects on N cycling. In grass-based pastures,
plantain content declined with age since sowing and
few paddocks had more than 20% of their available dry
matter as plantain after three years. A systematic visual
assessment of plantain cover correlated well with a
formal visual dry matter assessment and could be used
to establish when plantain content at a paddock scale is
>20-30%. Plantain content tended to be highest when
sown without grass, when established by direct drilling
and on clay soils, but optimal sowing rates have yet to
be determined.

Keywords: BOTANAL, dry matter, plant populations,
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Introduction
New Zealand-bred cultivars of narrow-leaved plantain
(Plantago lanceolata L., also known as ribgrass) have
been available since 1996 (Stewart et al. 2014). In the
last decade, new research has demonstrated the value
of some genotypes for the management of nitrate
leaching from pastoral systems. Evidence shows
consistent reductions in urinary N concentration from
cattle grazing diets containing plantain cv. ‘Tonic’
(Box et al. 2016; Bryant et al. 2017; Dodd et al. 2018).
These results have demonstrated the potential of
plantain to contribute to reductions in nitrate leaching
via a lower urine patch N loading (Li et al. 2012), a
key environmental issue for intensive grazing systems
(Clark et al. 2007).

Central to the effectiveness of plantain in reducing
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nitrate loss is ensuring that there is sufficient plantain in
an animal’s diet during periods of high nitrate leaching
risk — typically autumn (Shepherd et al. 2011). No clear
range has been found from research published to date
as to the level necessary, although 30-40% has been
suggested, based on observations showing no effect at
levels <20% (Bryant et al. 2017; Minneé et al. 2017)
but significant effects at levels >40% (Box et al. 2017,
Minneé et al. 2017; Dodd et al. 2018). The implications
of this tentative threshold are that farmers choosing
to incorporate plantain in mixed swards will need
management guidelines that enable them to maintain
this level, and tools to verify that paddocks contain this
level.

The objectives of this study were: (a) to assess the
on-farm success of establishment and persistence of
plantain in mixed swards and explore the management
factors influencing success; and (b) to test a visual
method for estimating plantain content in mixed swards
that could be used for auditing, when farmers want the
expected reduction in nitrate leaching to be considered
within local and/or national water quality regulatory
frameworks.

Materials and Methods

Study sites

In autumn 2018 we surveyed 59 paddocks on 21
dairy and dry-stock farms across New Zealand, in
the Waikato, Bay of Plenty, Wairarapa, Rangitikei,
Canterbury and Otago regions. The paddocks covered
a range of pasture types, including grass-based mixes,
clover-based mixes and herb mixes; grass-based mixes
were most prevalent (Table 1, details in Appendix 1).
Paddocks were also selected to ensure variation in:

Table 1 Breakdown of pasture types and farm systems
included in the study.

Farm Type Dairy Sheep/Deer Cattle*

Number of farms 9 6 6

Grass-clover-plantain mixes 31 4 14

Clover-plantain mixes 1 8 1

*incl. dairy support
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(a) time since sowing; (b) sowing rate; and (c) sowing
method. Additional data on soil type, fertiliser inputs,
grazing management and weed control, were provided
by the farmers, but the soil type data were only able
to be categorised into a few groups for analysis (four,
based on broad texture descriptors).

Paddock measurements

In-paddock measurements of plantain content were

made during April and May of 2018 using two visual

estimation methods and plant population counts. The

North Island and South Island paddocks were assessed

by separate operators. The assessments were made

as close in time as possible to planned grazings, to
capture the data relevant to animal consumption. This
approach resulted in a wide variation in cover at the
time of sampling (1800-4700 kgDM/ha as estimated
by a rising plate meter (Farmtracker: Farmworks

Ltd, Fielding) using the standard calibration method,

i.e. average compressed pasture height x 140 + 500;

DairyNZ 2019). Details of the measurements are:

1. Visual cover score.

(A) FIELD. Thirty 0.2 m? quadrat frames, spaced 5-10
paces apart, along a randomly located transect
within each paddock, were visually rated for
plantain cover, by a vertical projection of the
plantain canopy, on a 0—10 scale. Each unit on the
scale covered a range in estimated cover, i.e. 0 =
0-4%, 1 = 5-14%, 2 = 15-24% cover, etc. and 10
= 95-100%, is a set of cover classes. The mean
paddock score was calculated and multiplied by
10 to give a whole paddock value for the visual %
plantain cover;

(B) PHOTOGRAPHY. A subsample of six frames in each
paddock was photographed using a mobile phone
camera. Using GIMP2 image processing software
(www.gimp.org), the photos were cropped to
the frame boundary and the plantain was traced
manually on a digital tablet. The areas identified as
plantain were shaded and a pixel count recorded.
The cover of plantain was calculated as the
percentage of pixels shaded.

2. BOTANAL score. This technique is detailed in the
report of Tothill et al. (1992). The same 30 frames
used for visual scoring were each visually rated
for the top three ranking species contributing to
the available dry matter in each frame (bearing in
mind known differences in the DM content of key
species such as plantain, ryegrass, white clover,
and assuming typical grazing residual heights for
the system). At the paddock scale, the estimate of
plantain percentage of available DM was calculated
by the equation:

%ADM(Plantain) = [(Number of frames with
plantain as first ranking species x 70) + (number
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Figure 1 Comparison of paddock BOTANAL score (% of

available DM as plantain) and mean paddock
cover score of plantain, for 59 paddocks. Linear fit
(dashed) and 10:1 reference line (solid) are shown.

of frames with plantain as second ranking species
x 21) + (number of frames with plantain as third
ranking species X 9)]/30;

3. Plant population. The same 30 frames were each
counted for plant numbers, the number scaled up
to plants/m” (frame countx5) and a mean value
calculated for the paddock (35 North Island
paddocks only).

Statistical analyses

The field visual cover and plant population data at
the paddock level were analysed by linear regression
against the BOTANAL scores to test their utility for
estimating plantain content. In addition, the type of
visual cover estimates of the subsampled frames (field
and photo) were analysed by linear regression to test the
accuracy of both visual methods for estimating plantain
cover at the plot scale. The field visual cover data at
the paddock level for grass-based pastures only were
also analysed by linear regression against pasture age
and sowing rate, and by unbalanced ANOVA including
the factors of sowing season, sowing method and soil
type in single-factor analyses (there were insufficient
data to analyse interactions) to determine whether these
factors influenced the medium-term outcome in terms
of plantain content in mixed swards.

Results

Estimation method

The relationship between the plantain proportion of
DM in each paddock (as assessed by BOTANAL)
and the average paddock canopy cover (as assessed
by the average field visual score) is shown in Figure
1. The linear fit is strong, with an R? of >0.95. The
offset of the linear fit from the reference line (10:1) is
approx. 3—6%, i.e. the average field visual cover score
tends to underestimate the BOTANAL score. This
underestimation appears to be more marked for those
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linear fit had an R? of >0.85. However, the slope of the
linear equation was much less than would be expected
if the field visual assessment were accurately estimating
the vertically projected cover. The reference line is
presented as a 10:1 band in Figure 2 as the technique
allows for a + 5% variation in cover around the visual
score. This approach shows that the field visual
technique consistently over estimates the vertically
projected cover at the plot scale when plantain content
is high (>60%).

Plantain content

For both visual and BOTANAL assessment methods,
plantain content was generally higher in clover-based
mixtures, as indicated by the open circles in Figure 1.
The mean paddock visual score for clover mixes was
6.0 compared with 1.5 for grass mixes. However, the
clover mixes typically had higher original sowing
rates (Figure 3), and there was a significant positive
regression relationship between sowing rate and
percent plantain cover across the whole data set (slope
5.2, P<0.01). Based on visual score, there was a wide
range in plantain cover in paddocks where the sowing
rate had been greater than 4 kg/ha. For example,
several paddocks sown at rates of 6-8 kg did not have
substantially higher plantain cover than those with
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Paddock age (years since sowing)

Figure 4 Plantain cover versus paddock age since sowing

for 49 grass-based mixes and 10 clover-based mix
paddocks.

sown at lower rates (Figure 3). Only one paddock sown
at less than 4 kg/ha had a plantain cover greater than
30%.

With respect to time since sowing, the regression
relationship with plantain cover was significant and
negative (slope -5.0, P<0.05). Of 36 paddocks older
than two years (i.e. sown before 2016), only three
clover mixes and two grass mixes had more than 30%
plantain cover (Figure 4). Of 20 paddocks older than
three years (i.e. sown before 2015), only one grass mix
had more than 20% plantain cover (Figure 4). While
both of the grass mix paddocks were direct drilled, the
3.5-year old pasture was sown at 1 kg/ha of plantain
in a 20 kg/ha new grass mix and grazed with sheep,
the 2.5-year old pasture was under-sown at 6 kg/ha of
plantain and grazed by dairy cows.

The ANOVA analysis of grass-based pasture
management factors showed a significant effect of both
sowing method and soil type on visual plantain cover,
such that cover was greatest on direct drilled paddocks
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and on clay soils (Table 2). However, there was no
significant difference in plantain cover between sowing
seasons.

Discussion
The field visual cover technique was broadly consistent
with the BOTANAL technique for estimating the
percentage of available dry matter at the whole-
paddock scale. Visual estimation, using a limited set
of cover scores, was more rapid than the BOTANAL
technique but similar techniques using cover range
classification have been reported to over-estimate the
cover of rare species and are best when considering
dominant species (Floyd & Anderson 1987). The cover
scoring technique is based on a vertical projection so
it is potentially amenable to automation via image
analysis, which would mitigate observer biases. Thus,
a visual measurement of cover is a potentially useful
rapid assessment tool for verifying plantain content
in a paddock, particularly if the objective is not so
much to obtain a precise assessment, but determine
if the paddock meets a certain threshold of content.
However, there was a tendency for the field visual
method to overestimate actual cover at high levels of
cover relative to careful manual tracing of photographs
at the individual frame scale. On the other hand, the
data in Figure 1 suggest that visual scoring led to over-
estimation of %ADM as measured by BOTANAL.
These two results suggest that the visual field assessors
were not entirely focussed on apparent cover but may
be subconsciously accounting for the visible plantain
in the top layer of the canopy. Experience and training
will be important in ensuring the consistency and
repeatability of visual estimates among observers
(Symstad et al. 2008). The implication of this finding for
automated assessment is that a linear relationship based
on apparent cover from an image will actually under-
estimate plantain content, in terms of the proportion of
available dry matter.

In grass-based pastures, plantain content was lower in

Table 2
age and sowing rate.

older pastures and few paddocks sown more than three
years previously had more than 20% of their available
dry matter as plantain. While technically a perennial
species, plantain has been described as a long-lived
biennial in the context of mixed pastures (Stewart 1996).
A technique for establishing the age of individual plants
has recently been demonstrated and could be applied
in New Zealand pastures to verify this (Roeder et al.
2019). One factor limiting the longevity of plantain in
mixed pastures may be grazing management. Optimal
grazing management guidelines for pure plantain
swards have been developed (Powell et al. 2007; Lee
et al. 2015). However, these are unlikely to be applied
in mixed pastures; the farmers in this survey reported
that the pastures were typically managed as a standard
grass/clover pasture.

Our analysis of various factors underlying greater
plantain content indicated that clover-based mixtures
performed better than grass-based pastures, although
this result was probably confounded by higher sowing
rates for clover pasture and the lower number of clover
pastures studied.

For grass-based pastures, the data could not generate
a clearly defined plantain sowing rate that could be
reliably linked to a plantain content of >30%, and recent
experience with sowing rate experiments and farm
monitoring supports this lack of reliability (Bryant et
al. 2019). The study also suggested that direct drilling
was the most successful method of establishment,
as reported by Glassey et al. (2013) and Bryant et al.
(2019), and that clay soils maintained higher plantain
content. In a semi-controlled study of this nature, where
persistence appears to be quite paddock-specific, these
results must be considered provisional.

Conclusions/Practical implications/
Relevance

Visual estimation in the field appears to give a good
rapid assessment of plantain content, particularly
when mixed pastures have >30% plantain

Mean effects of sowing method, sowing season and soil type on plantain cover for 49 grass-based paddocks of varying

Sowing method Plantain cover* (%)  Sowing season Plantain cover* (%) Soil type Plantain cover* (%)
Broadcast 8.4 Spring 26.6 Clayey 52.8
Cultivated 18.9 Summer 9.6 Silty 22.3
Direct drilled 34.3 Autumn 20.9 Sandy 10.2

Stony 15.8
Max SED 10.2 13.0 10.5
P-value <0.05 0.37 <0.01

* Based on visual cover scoring method
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contribution to available DM. Plantain content appears
to decline below this level after two years and may
suffer from competition in grass-based mixtures.
Plantain is behaving as a short-term perennial in these
situations, and cost-effective means of maintaining
content above 30% beyond three years are needed. Such
measures may include regular under-sowing or changes
in grazing management that do not compromise pasture
quality. Plantain content tended to be higher when
established by direct drilling and on clay soils but, at
present, optimal sowing rates remain elusive.
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Appendix 1 Survey paddock details by farm type, location and

paddock type
Farm ID Farm type Region Paddock type and
number of paddocks*
1 Dairy N Waikato G-C-P (4)
2 Dairy N Waikato G-C-P (3)
3 Dairy N Waikato G-C-P (3), C-P (1)
4 Cattle Bay of Plenty  G-C-P (4)
5 Sheep Rangitikei C-P (1)
6 Dairy N Wairarapa G-C-P (3)
7 Dairy N Wairarapa G-C-P (3)
8 Cattle N Wairarapa G-C-P (4)
9 Dairy Wairarapa G-C-P (2)
10 Dairy Wairarapa G-C-P (7)
1 Sheep Wairarapa G-C-P (1), C-P (1)
12 Sheep N Canterbury  G-C-P (1)
13 Sheep N Canterbury  C-P (3)
14 Cattle N Canterbury  G-C-P (2)
15 Sheep N Canterbury  G-C-P (2), C-P (1)
16 Cattle N Canterbury  G-C-P (2)
17 Cattle N Canterbury  G-C-P (2)
18 Dairy S Canterbury  G-C-P (3)
19 Dairy Otago G-C-P (3)
20 Sheep/Deer Otago C-P(2)
21 Cattle Otago C-P (1)

*G-C-P, Grass-Clover-Plantain (Grass-based); C-P, Clover-Plantain

(Clover-based)



