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Summary

The aim of this project was to develop calibration equations to estimate the top leafy stratum (TLS),
the bottom stemmy stratum (BSS) and the total pasture on offer for four pasture meters on farm:
raising plate meter (RPM) ruler, PUP (proportion of un-grazed pasture) grazing ruler and laser
distance meter (LDM). The calibration equations can then be used to estimate TLS, BSS and total
pasture on offer from pasture height measured with any of the pasture meters. This was done by
taking 15 pasture samples per month in two farms located in southeast Queensland during January,
February and March 2018. A total of 90 samples provided the data for the calibration equations. Each
pasture meter was used to measure pasture height or plant part length before the TLS and the BSS
were cut from each pasture sample to calculate the TLS, BSS and total pasture on offer. Regression
analysis was used to establish the relationship between pasture height or plant part length and the
TLS, BSS and total pasture on offer. The results indicated that calculated calibration equations were
not significantly different between farms but there were significant differences between some months.
Therefore, equations were calculated for individual months, which provided accurate estimates of
pasture on offer for all pasture meters. Accuracy of the predictions was higher for the TLS than for
the BSS and total pasture on offer. The average error for the estimation of the TLS, BSS and total
pasture on offer was 15.4, 24.3 and 25.7% respectively across all pasture meters. The second aim of
the project was to calculate the number of observations required to obtain representative averages of
pasture on offer on farm. This was done by measuring the variability of pasture height across
transects in grazing strips of approximately 1 ha. Power analysis was used to calculate the required
number of observations. The results indicated that the number of observations to obtain the same
level of confidence varied between pasture meters, the level of variability of pasture height and the
required level of accuracy of the estimates. For example, the average coefficient of variability found in
this project for pasture surface height measured with a ruler, pasture height using RPM, leaf extended
length using the PUP ruler and stem length using the PUP ruler was 29.4, 29.9, 26.6 and 40.9%. This
means that the number of observations required to have 95% confidence of the average height/length
being within 10% of the true mean was 36, 37, 29 and 67 observations within pasture strips of
approximately 1 ha.

Protocols for the use of each pasture meter were developed based on the results of this project.
Additionally, conclusions on the grazing management of kikuyu pastures were drawn based on the
observed changes in pasture structure with increased pasture height.
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1 Introduction

The DAF dairy team have recently demonstrated that dairy cows can achieve high levels of pasture
intake only when grazing the top leafy stratum of pastures (Ison et al., 2018). Pasture intake and milk
production decreased when cows were forced to graze the bottom stemmy stratum of pastures.
These results indicate that high levels of pasture intake can be achieved if pasture allocations are
calculated based on the top leafy stratum on offer rather than from the total pasture on offer, as the
lower stratum is of low quality, ultimately reducing milk production.

The pasture meters currently used by industry such as the raising plate meter are calibrated to
provide an estimate of the total pasture on offer rather than the top leafy stratum on offer. Therefore,
there is a need to develop calibration equations to estimate the top leafy stratum on offer for kikuyu.
Preliminary data collected at Gatton Research Dairy indicates that there is a significant relationship
between total pasture height or the depth of the top leafy stratum and the top leafy stratum on offer.
Therefore, it is highly likely that robust calibration equations can be developed under farm conditions.

The project will deliver calibration equations for different pasture meters for kikuyu under farm
conditions. This will allow the farmers to calculate pasture allocations that result in higher levels of
pasture intake and milk production from kikuyu pastures.

2 Objectives

The objectives of this project were to:

e develop calibration equations for kikuyu pastures to estimate top leafy stratum, bottom
stemmy stratum and total pasture on offer for pasture meters. Farmers can then use these
equations to estimate pasture on offer using the average pasture height within grazing strips
measured with any of the pasture meters.

e calculate the number of observations required to obtain representative averages of the
pasture height and pasture on offer within grazing strips. This was done by quantifying the
variability in pasture height within grazing strips of kikuyu.

e puttogether protocols for the use of each pasture meters based on the results of this project.

e draw conclusions on the grazing management of kikuyu pasture based on the changes
observed in plant structure with increasing pasture heights.

3 Methodology
3.1 Location, pasture management and sampling dates

The project was conducted during the 2017 — 2018 kikuyu season in two dairy farms located in
southeast Queensland. Farm A and B were located in Glenore Grove (Latitude 27° 30’ 59.66" S and
Longitude 152° 26' 0.57" E) and Wilsons Plains (Latitude 27° 50’ 22.12" S and Longitude 152° 38’
36.44" E). In both farms the kikuyu pastures were regularly irrigated, fertilized and grazed following
industry standards. These pastures were well established kikuyu pastures that were over sown with
ryegrass every year. The variety of kikuyu was Whittett on both farms. The grazing rotation length
during the project was 12 to 14 and 14 to 16 days for farms A and B respectively. However, pasture
samples of up to 23 days of regrowth were collected by installing exclusion areas in the grazing strips.

The pastures were sampled three times during the 2017 — 2018 kikuyu season. Since the ryegrass
season in 2017 was unusually long the first set of kikuyu samples were taken in early January 2018 in
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both farms. In order to have representative samples of the early, mid and late kikuyu season the
samples were taken in January, February and March 2018. The samples were collected on

9 January, 14 February and 20 March 2018 from Farm A and on 11 January, 12 February and
22 March 2018 from farm B.

All samples were collected from pasture strips of about 1 ha that were about to be grazed. Fifteen
samples of a range of pasture heights were taken per farm per month. Therefore, a total of 90 pasture
samples (2 farms x 3 months x 15 samples per month) were collected and the data used for the
calibration equations of the pasture meters.

In order to assess the variability of the data pasture height was measured along two transects of

100 m within the grazing strips per farm per month. Therefore, the data from a total of 12 transects (2
farms x 3 months x 2 transects per month) were collected and used to calculate the number of
observations required to obtain representative averages of pasture heights and pasture on offer on
farm.

3.2 Pasture sampling procedure

The pasture sampling procedure for each pasture sample consisted of seven steps:
3.2.1 Step 1: Pasture height measurements using a laser distance meter

A laser distance meter (Professional GLM 25, Bosch) was used to measure pasture height every 5
mm along two parallel lines of 50 cm long (Image 1). As shown in Image 1 a 50 x 50 x 82 cm frame
was used to hold the device 82 cm height above the ground. A total of 200 height observations (100
for each line) were collected from each 50 x 50 cm sample. These observations were used to
calculate:

-Pasture height as the average of all 200 height observations.

These pasture height data was then used to calibrate the laser meter to estimate pasture on offer
(leafy stratum, stemmy stratum and total).
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Image 1 —Laser distance meter held by a 50 x 50 x 82 cm frame (Professional GLM 25, Bosch)
used to measure pasture height

3.2.2 Step 2: Pasture height measurements using a ruler

A 50 x 50 cm quadrant was placed in the same position as the frame used for the laser. A ruler was
used to measure a total of four tillers along each of the two lines previously scanned with the laser
device. The tillers were carefully chosen so that four of them represented tall tillers within the
quadrants (exceptionally tall and rare tillers were avoided). The second group of tillers represented
the average height of all tillers present within the quadrant (medium height tillers).

Each of the tillers were measured for non-extended tiller height, extended tiller height and stem
height. Stem height was defined as the height above ground to the base of the lamina (ligula) of the
top fully expanded leave (Image 2). These measurements were used to calculate:

-Pasture surface height (cm) as the average of the 4 tall tillers

-Stem height (cm) as the average stem height of all tillers (4 medium height tillers and 4 tall tillers)

-Extended leaf length (cm) as the difference between extended tiller height and stem height of each
tiller

-Non-extended leaf length (cm) as the difference between non-extended tiller height and stem height
of each tiller

-Extended leaf length (cm) as the average of the extended leaf length of the four tall tillers only

-Non-extended leaf length (cm) as the average of the non-extended leaf length of the four tall tillers
only

-Top leafy stratum height (cm) as the average of the non-extended leaf length of the four tall tillers
only

-Bottom stemmy stratum height (cm) as the average stem height of the four tall tillers only

Document title, Department of Agriculture and Fisheries, 2018



Image 2 —Tiller, strata and pasture height or length

L Top leafy stratum height or
leaf non-extended tiller length

Pasture surface heightor _|
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This data was then used to develop calibration equations for both a common ruler based on pasture
surface height, as well as the PUP grazing ruler based on length of plant parts (Image 3).

Image 3 — Prototype of the PUP grazing ruler built using partial results from this project. The
final version of the ruler will be built using all results from this project.

£
=)
=
a
i
3
L

B
i
1=
i
H

3.2.3 Step 3: Pasture height measurements using raising plate meters

Both the traditional square raising plate meter (RPM) and the Farmworks F300 RPM were used to

measure pasture height insight the 50 x 50 cm quadrant. The dimensions of the plate of the square
RPM were 31.5 x 31.5 cm. The diameter of the plate of the Farmworks F300 RPM was 36 cm. The
weight of the plate was 400 and 700 g for the square and the Farmworks F300 RPMs respectively.

3.2.4 Step 4: Top leaf stratum cut

The top leafy stratum was cut within the 50 x 50 cm quadrant at the average stem height calculated in
step 2 (Image 4). This was the average stem height of the medium and tall tillers within the quadrant.
This stem height was chosen because previous data collected at the Gatton Research Dairy from the
animal demonstration trial conducted in early 2016 showed that cows grazed at this height
irrespective of pre-grazing pasture height (Figure 1 and Image 5). Also, medium and tall tillers were
found to contribute with the majority of the pasture on offer in kikuyu pastures as later shown in
section 4.3 below. Samples were then dried at 60-C to calculate:

-Top leafy stratum on offer (kg DM/ha)

This data was then used to develop calibration equations for all pasture meters.
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Image 4 —Top and bottom strata partially cut within the 50 x 50 cm quadrant used for pasture
cuts. The top leafy stratum was cut at the average stem height of the medium and tall tillers
within the quadrant. This is the height cows selectively graze the top leafy stratum (see Figure
1 and Image 5 below).

Figure 1 — Kikuyu pastures grazed at Gatton Research Dairy in March 2016. Stem height was
calculated as the average of medium and tall tillers.
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Image 5 —Grazing of the top leafy stratum (left) and bottom stemmy stratum (right). High levels
of pasture intake are achieved when grazing the top leafy stratum because of the large bites
and thus high intake rates. Pasture intake is low when grazing the bottom stemmy stratum
because of the small bites and thus low intake rate.

3.2.5 Step 5: Bottom stemmy stratum cut

The bottom stemmy stratum was cut at 5 cm within the same 50 x 50 cm quadrant used to cut the top
leafy stratum (Image 4). Samples were then dried at 60-C to calculate:

-Bottom stemmy stratum on offer (kg DM/ha)

-Total pasture on offer (kg DM/ha) as the sum of the top leafy stratum on offer (kg DM/ha) and the
bottom stemmy stratum on offer (kg DM/ha)

These data were then used to develop calibration equations for all pasture meters.

3.2.6 Step 6: Tiller samples

A 10 x 15 cm quadrant was used to cut all tillers within this quadrant at the ground level. This
quadrant was located next to the 50 x 50 cm quadrant used in steps 2 to 5. All tillers were taken to the
lab and counted. Also, a subset of 36 tillers were measured for non-extended tiller height, extended
tiller height, stem height and number of fully expanded leaves (Image 2).

Tillers were then separated in 11 extended tiller height categories with increments of 5 cm between
categories and heights ranging from 5 to 60 cm (Image 6). The tillers were then dried at 60-C to
calculate the average dry mater weight per tiller for each height category.
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Image 6 —Tillers separated in 11 extended tiller height categories from left to right: 5 to 10, 10
to 15, 15 to 20, 20 to 25, 25 to 30, 30 to 35, 35 to 40, 40 to 45, 45 to 50, 50 to 55 and 55 to 60 cm.

3.2.7 Step 7: Light interception

A photosynthetic active radiation (PAR) meter (Apogee Quantum Flux, Model MQ-301) was used at
12 pm to measure PAR at both the average stem height calculated in step 1 and 5 cm inside the
canopy in a representative area next to the 50 x 50 cm cuts done in steps 2 and 3. PAR was also
measured above the canopy in full sun to calculate:

- Light interception (% of PAR above the canopy) at the stem height (average of medium and tall
tillers) and 5 cm, as the difference in the PAR above the canopy minus the PAR inside the canopy
divided by the PAR above the canopy times 100.

3.3 Transect sampling procedure

Pasture measurements were recorded every second step in 2 diagonal 100 m-transects in strips
ready to be grazed in both farms for each of the 3 months. Pasture measurements included non-
extended tiller height, extended tiller height, stem height and number of fully expanded leaves of tall
tillers and RPM height.

3.4 Statistical analysis

All variables were analysed in GenStat (2016). Regression analysis was used to develop the
calibration equations for the pasture meters. For each equation the form of the regression model was
chosen by considering both the degree of fit and the biological expectation. Exponential, asymptotic
and lineal models were used as appropriate.

Power analysis was used to calculate the number of pasture height measurements required to obtain
representative averages of the pasture strips using transect data. The number of observations were
calculated to have 95% confidence of the estimated mean being within the 10, 5, 2 and 1% of the true
mean.

4 Results and discussion
4.1 Tillers, the building blocks of kikuyu pastures

Tillers are the building blocks of kikuyu pastures. The amount of pasture on offer depends on the
density and weight of tillers. Therefore, to understand the underlying causes of the shape of the
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relationship between pasture height and pasture on offer, required for the calibration of pasture
meters, this section presents and discusses the tiller data.

All kikuyu pastures consisted of a range of tillers heights. The height distribution of tillers followed a
bell shape pattern for all pasture heights as shown in Figure 2. This means that tillers around the
average tiller height were more abundant while extremely short or tall tillers were less abundant
irrespective of the pasture height. Also, the range of tiller heights increased with the pasture height
(Figure 2). Approximately 95 % of the tiller height data raged from 4 to 18, 6 to 28, 8 to 38, 10 to 44
and 14 to 56 cm for pasture surface heights between 10 to 19, 20 to 29, 30 to 39, 40 to 49, 50 to 60
cm respectively. This indicates that the difference in tiller height between pasture surface heights was
lower for short tillers than for tall tillers. For example, the difference in tiller height between pasture
surface heights of 10 to 20 cm and 50 to 60 cm was 10 cm for short tiller and 38 cm for tall tillers. This
may explain why calibration equations that use heights of tall tillers provide better estimates of
pasture on offer with less error than using heights of short tiller, as later shown in section 4.3.

Figure 2 —Non-extended tiller height distribution for a range of pasture surface heights
measured with the ruler. Averages of both farms and months.
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There was a significant exponential relationship (P < 0.001) between tiller height and weight (Figure
3). There was not significant difference between farms or months for this relationship. The exponential
relationship explains why tillers that were above the average tiller height (medium and tall tillers)
made the largest contribution to the total pasture on offer irrespective of the pasture height (Figure 4).
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Figure 3 —The relationship between individual tiller weight and extended ftiller length
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Figure 4 —Contribution of medium and tall tillers to the total pasture on offer. N = 90 including
both farms, 3 months and 15 samples per month.
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The average leaf stage of tillers that were above the average tiller height varied from about 4.0 to 5.5
fully expanded leaves for pasture heights from 10 to 60 cm (Figure 5). This indicates that most of

these pastures were close to the recommended leaf stage of 4.5 leaves for grazing kikuyu (Fulkerson
B. et al., 2010).
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Figure 5 —The relationship between the average number of fully expanded leaves of medium
and tall tillers and pasture surface height measured with a ruler. N = 90 including both farms, 3
months and 15 observations per month.
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There was a significant lineal relationship (P < 0.001) between extended and non-extended leaf
length (Figure 6).This explained why both ways to measure leaf length provides predictions of the top
leafy stratum on offer of similar accuracy as shown later in section 4.3.

Figure 6 —The relationship between the extended and non-extended tiller height of tall tillers. N
= 90 including both farms, 3 months and 15 observations per month.
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The density of tillers decreased with pasture height. The average tiller density for pasture surface
heights of less than 25 cm, between 25 and 45 cm, and more than 45 cm was 60, 45 and 29 tillers per
100 cm2. This explains why there was an asymptotic relationship pasture height and pasture on offer
as later shown in section 4.3.
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4.2 Pasture structure and light interception

The height of both the top leafy stratum and the bottom stemmy stratum increased with pasture height
(Figure 7). However, while this increase was exponential for the bottom stemmy stratum, it was
asymptotic for the top leafy stratum. This means that there was a similar increase in height of both
strata for pasture heights ranging from 8 to 35 cm, both reaching heights of up to 18 cm. However, for
pastures taller than 35 cm the rate of increase in the height of the stemmy stratum was much greater
than the leafy stratum reaching heights of up to 38 and 25 cm respectively (Figure 7). This explain
why there was an asymptotic relationship between pasture height and the top leafy stratum on offer
as later shown in section 4.3.

Figure 7 —The relationship between stratum height and pasture surface height measured with
a ruler. N = 90 including both farms, 3 months and 15 observations per month.
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This rapid increase in stem elongation in pastures taller than 35 cm seemed to be triggered by canopy
closure as shown in Figure 8. Figure 8 shows that light interception at 5 cm in pastures taller than
35 cm was closed to 100% indicating full canopy closure.
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Figure 8 —The relationship between light interception and pasture surface height measured
with a ruler. N = 90 including both farms, 3 months and 15 observations per month.
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4.3 Calibration equations for pasture meters

The calibration equations to estimate top leaf stratum, bottom stemmy stratum and total pasture on
offer for all pasture meters are included in Tables 1 and 2, and the relationships shown in Figures 9
and 10. The equations were no significantly different between farms but there were significant
differences between some months. Therefore, general equations using all the data combined as well
as individual equations for each month (including both farms) are shown in Tables 1 and 2.
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Table 1 —General calibration equations for the ruler (X1), raising plate meter (X3), laser
distance meter (X4) and PUP grazing ruler (X5, X6, X7) to estimate top leafy stratum (Y1),
bottom stemmy stratum (Y2) and total pasture on offer (Y3). N = 90 including both farms, 3
months and 15 samples per month.

X Y Month  Model* Coefficients Error (%) R2 P
A B R

X1 Y1 All Asy 1916 -1969 0.9752 24.9 0.573 <0.001
X1 Y2 All Asy 5981 -9256 0.96474 29.7 0.712 <0.001
X1 Y3 All Asy 7798 -11141 0.96624 32.6 0.747 <0.001
X3 Y1 All Asy 1517 -1701 0.9256 26.6 0.546 <0.001
X3 Y2 All Asy 5402 -8747 0.925 25.9 0.747 <0.001
X3 Y3 All Asy 6919 -10448 0.9251 355 0.772 <0.001
X4 Y1 All Asy 1647 -1581 0.9486 23.1 0.62 <0.001
X4 Y2 All Asy 5247 -7732 0.9321 24.8 0.756 <0.001
X4 Y3 All Asy 6842 -9282 0.9344 30.4 0.795 <0.001
X5 Y1 All Lin 74 58.02 N/A 241 0.584 <0.001
X6 Y1 All Lin 95.4 49.34 N/A 24.7 0.566 <0.001
X7 Y2 All Lin 184 153.9 N/A 29.5 0.621 <0.001

*Asy: asymptotic, Y = A + B x RX; Lin: lineal, Y = A+ Bx X

X1 Pasture surface height using ruler on tall tillers (cm)

X3 Pasture height using the traditional square RPM or the Farmwork F300 RPM (cm)

X4 Pasture height using laser (cm)

X5 Leaf non-extended length of tall tillers (cm)

X6 Leaf extended length of tall tillers (cm)

X7 Stem length of tall tillers (cm)

Y1 Top leafy stratum on offer (kgDM/ha)

Y2 Bottom stemmy stratum on offer (kgDM/ha)

Y3 Total pasture on offer (kgDM/ha)

Document title, Department of Agriculture and Fisheries, 2018

13



Table 2 —Calibration equations for individual months for the ruler (X1), raising plate meter (X3),
laser distance meter (X4) and PUP grazing ruler (X5, X6, X7) to estimate top leafy stratum (Y1),
bottom stemmy stratum (Y2) and total pasture on offer (Y3). N = 30 including both farms and
15 samples per month.

X Y Month Model* Coefficients Error (%) R? P
A B R
X1 Y1 Jan Asi 1677 -2082 0.9559 19.5 0.77 <0.001
Feb Asi 2907 -2853 0.9851 13.1
Mar Asi -1001 1153 1.0123 11.3
X1 Y2 Jan Asi 5306 -9385 0.9597 27.6 0.79 <0.001
Feb Asi 7937 -10908 0.9707 29.7
Mar Asi 5360 -8406 0.9655 21.3
X1 Y3 Jan Asi 6976 -11463 0.959 18.8 0.83 <0.001
Feb Asi 10340 -13283 0.97259 39.7
Mar Asi 7837 -10512 0.9738 23.1
X3 Y1 Jan Asi 1788 -1795 0.9386 19.9 0.75 <0.001
Feb Asi 3098 -2954 0.9765 13.5
Mar Asi 1419 -1585 0.9484 14.9
X3 Y2 Jan Asi 5925 -8707 0.9418 21.3 0.83 <0.001
Feb Asi 7982 -10464 0.9492 30.3
Mar Asi 4568 -8243 0.9173 16.5
X3 Y3 Jan Asi 7710 -10500 0.9412 14.2 0.87 <0.001
Feb Asi 10399 -12770 0.9526 38.2
Mar Asi 5960 -9641 0.9243 21.9
X4 Y1 Jan Asi 1520 -1888 0.9054 16.4 0.80 <0.001
Feb Asi 2041 -1879 0.9601 12.5
Mar Asi -10247 10468 1.0025 11.9
X4 Y2 Jan Asi 5441 -7296 0.9482 21.1 0.83 <0.001
Feb Asi 6451 -8830 0.9364 26.3
Mar Asi 4486 -7234 0.9232 19.8
X4 Y3 Jan Asi 6869 -8917 0.9418 13.6 0.87 <0.001
Feb Asi 8336 -10577 0.9395 37.9
Mar Asi 6064 -8477 0.9357 24.2
X5 Y1 Jan Lin 265 541 N/A 20.7 0.71 <0.001
Feb Lin 84 62.2 N/A 15.5
Mar Lin -134 58 N/A 18.8
X6 Y1 Jan Lin 110 54.06 N/A 18.8 0.75 <0.001
Feb Lin 120 55.81 N/A 13.4
Mar Lin -94 46.58 N/A 19.2
X7 Y2 Jan Lin 111 142.4 N/A 28.9 0.75 <0.001
Feb Lin 32 214.8 N/A 28.8
Mar Lin -112 141.3 N/A 20.2
*Asy: asymptotic, Y = A + B x RX; Lin: lineal, Y = A + Bx X
X1 Pasture surface height using ruler on tall tillers (cm)
X3 Pasture height using the traditional square RPM or the Farmwork F300 RPM (cm)
X4 Pasture height using laser (cm)
X5 Leaf non-extended length of tall tillers (cm)
X6 Leaf extended length of tall tillers (cm)
X7 Stem length of tall tillers (cm)
Y1 Top leafy stratum on offer (kgDM/ha)
Y2 Bottom stemmy stratum on offer (kgDM/ha)
Y3 Total pasture on offer (kgDM/ha)
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Figure 9 — The relationship between pasture height measured with different pasture meters
(graphs a and b: ruler, ¢ and d: RPM, e and f: laser distance meter) and top leafy and bottom
stemmy stratum on offer (graphs a, ¢ and e) and total pasture on offer (graphs b, d and f).
Solid symbols indicate top leafy stratum on offer. Empty symbols indicate bottom stemmy
stratum and total pasture on offer. Colours of symbols and lines indicate months (red:
January, green: February and blue: March)
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4.3.1 Ruler, raising plate meter and laser distance meter

There were significant asymptotic relationships (P < 0.001) between pasture height, measured with
the ruler, RPM or LDM, and top leaf stratum, bottom stemmy stratum and total pasture on offer for
most of the months (Table 2 and Figure 9). These asymptotic relationships were mainly explained by
the decline of tiller density with increasing pasture heights as indicated in section 4.1. In addition,
these asymptotic relationships found for the top leafy stratum were also driven by the asymptotic
relationship between pasture height and the height of this stratum as indicated in section 4.1.

These asymptotic relationships for the top leafy stratum mean that the amount on offer steadily
increased with pasture surface height to approximately 1200 kg/ha for 40 cm pastures measured with
the ruler (or 20 cm and 25 cm pasture when measured with the RPM and LDM respectively); for taller
pastures the increase was marginal. A similar response was found for the bottom stemmy stratum
and total pasture on offer.

The average difference in pasture height between the square RPM and the Farmworks F300 RPM
was insignificant (0.09 cm difference). Therefore, the calibration equations are applicable to either
RPM.

The calibration equations for the ruler and the PUP grazing ruler included in Tables 1 and 2 are based
on the height or tiller extended length of tall tillers. This is because tall tillers provided better estimates
with higher R? than medium and short tillers (Table 3).

Table 3 — R? of equations using short, medium and tall tillers for the ruler and the PUP grazing
ruler.

Tillers X Y Model R2 P
Tall X1 Y1 Asymptotic 0.77 <0.001
Medium X10 Y1 Asymptotic 0.70 <0.001
Short X11 Y1 Asymptotic 0.62 <0.001
Tall X1 Y2 Asymptotic 0.79 <0.001
Medium X10 Y2 Asymptotic 0.74 <0.001
Short X11 Y2 Asymptotic 0.70 <0.001
Tall X1 Y3 Asymptotic 0.83 <0.001
Medium X10 Y3 Asymptotic 0.78 <0.001
Short X11 Y3 Asymptotic 0.72 <0.001
Tall X6 Y1 Lineal 0.75 <0.001
Medium X14 Y1 Lineal 0.64 <0.001
Short X15 Y1 Lineal 0.56 <0.001
X1 Pasture surface height using ruler on tall tillers (cm)
X10 Pasture height using ruler on medium tillers (cm)
X11 Pasture height using ruler on short tillers (cm)
X6 Leaf extended length of tall tillers (cm)
X14 Leaf extended length of medium tillers (cm)
X15 Leaf extended length of short tillers (cm)
Y1 Top leafy stratum on offer (kgDM/ha)
Y2 Bottom stemmy stratum on offer (kgDM/ha)
Y3 Total pasture on offer (kgDM/ha)

4.3.2 PUP grazing ruler

There was a significant lineal relationship (P < 0.001) between plant part length (leaves and stems)
and the amount of each plant part on offer (Figure 10). Some of these relationships were significantly
different between months. For example, the top leafy stratum on offer was significantly lower for
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March than it was for January and February (Figure 10). This difference between months was not
explained either by the weight of the tillers nor by the density of the tillers. Figure 3 shows that tiller
weights were similar between months. Also, the density of the tillers was similar between months.
Therefore, from the data collected in this project it was not possible to identify the cause of this
difference between months. The same is applicable to the observed differences between months of
the other pasture meters (Figure 9).

As shown in Table 2 the accuracy of the estimates of the top leafy stratum on offer was slightly higher
when using leaf extended length than when using leaf non-extended length. Therefore, the PUP
grazing ruler is recommended to be used with leaf extended length.

Figure 10 —The relationship between plant part length (leaves and stems) and top leafy stratum
(TLS) and bottom stemmy stratum (BSS) on offer. Solid and empty symbols indicate top leafy
and bottom stemmy stratum on offer respectively. Colours of symbols and lines indicate
months (red: January, green: February and blue: March).
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4.4 Number of pasture height observations for representative
estimates of pasture on offer

The number of observations to obtain representative estimates of the pasture on offer (for leaves,
stems or total pasture on offer) depends on the variability of pasture height data and the desire level
of representability of estimates (Figure 11).
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Figure 11 —The relationship between the level of variability and the number of observations
required to have 95% confidence of the average pasture height to be within 5 or 10% of the
true mean (blue and red lines respectively).
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Table 4 shows the average, minimum and maximum variability found for pasture height
measurements along two transects of 100 m in strips ready to be grazed in both farms and the three
months. The average coefficient of variability for pasture surface height measured with a ruler,
pasture height using RPM, leaf extended length using the PUP ruler and stem length using the PUP
ruler was 29.4, 29.9, 26.6 and 40.9% respectively (Table 4). This means that the number of
observations required to have 95% confidence of the average height/length being within 10% of the
true mean was 36, 37, 29 and 67 observations within pasture strips of approximately 1 ha.
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Table 4 —~Number of observations required to have 95% confidence of the average
height/length being within the nominated percentages of the true mean for pasture strips of
approximately 1 ha. This is indicated for the minimum, maximum and average pasture
variability observed in this project for individual transects.

Average CV (%) Number of observation to be within

10% 5% 2% 1%
Average variability
Pasture surface height using ruler 25.2 29.4 36 138 863 3453
Pasture height using RPM 13.4 29.9 37 143 894 3575
Leaf extended length using PUP ruler 16.3 26.6 29 113 705 2820
Leaf non-extended length using PUP 13.6 28.0 33 125 784 3134
ruler
Stem height using PUP ruler 11.5 40.9 67 267 1672 6687
Fully expanded leaves 4.2 20.6 19 68 424 1694
Minimum variability
Pasture surface height using ruler 30.6 22.7 23 82 515 2062
Pasture height using RPM 15.9 22.9 23 84 526 2105
Leaf extended length using PUP ruler 19.0 20.6 19 68 426 1703
Leaf non-extended length using PUP 14.9 23.6 23 89 558 2231
ruler
Stem height using PUP ruler 15.7 31.9 41 163 1017 4068
Fully expanded leaves 4.1 13.7 9 30 187 747
Maximum variability
Pasture surface height using ruler 18.9 36.0 52 207 1293 5170
Pasture height using RPM 11.9 38.6 62 238 1488 5953
Leaf extended length using PUP ruler 13.1 34.2 49 187 1169 4676
Leaf non-extended length using PUP 11.4 33.7 47 182 1137 4547
ruler
Stem height using PUP ruler 7.6 48.6 94 378 2361 9445
Fully expanded leaves 2.1 35.0 54 196 1226 4905

5 Protocols for the use of pasture meters

The differences observed between months for the relationship between pasture height and pasture on
offer indicates that a single calibration equation should not be used for all months if accurate
estimates of pasture on offer are required. This applies to all pasture meters. It is also recommended
that these calibration equations should be validated in other regions and across years. For maximum
accuracy each farmer should validate these equations in their own farms.

The following protocols were developed using the data collected from this project:
5.1 RPM protocol
Walk a transect of 100 m for strips ready to be grazed.

Take a minimum of 40 height measurements along the transect. Depending on the level of pasture
height variability a larger number of observations may be necessary if greater accuracy of the
estimates are required (see Table 4).

Calculate the average pasture height for the strip.
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Use the average pasture height to estimate leaf, stem and total pasture on offer from values shown in
Table 5 or from the equations for individual months shown in Table 2.

Table 5 —Pasture on offer for kikuyu pastures of different heights measured with the RPM.
Values are applicable to the traditional square RPM and the Farmworks F300 RPM.

RPM Top leafy stratum Bottom stemmy stratum Total pasture
height on offer (kg DM/ha) on offer (kg DM/ha) on offer (kg DM/ha)
(cm) Jan Feb Mar Jan Feb Mar Jan Feb Mar
5 480 475 203 0 0 0 480 475 203
10 835 769 486 1145 1769 1091 1980 2539 1577
15 1094 1030 703 2383 3195 2310 3477 4225 3013
20 1283 1262 870 3301 4293 3101 4583 5556 3971
25 1420 1468 997 3980 5140 3615 5400 6608 4613
30 1520 1651 1096 4484 5792 3949 6004 7443 5045
35 1593 1813 1171 4857 6295 4166 6450 8107 5337
40 1646 1957 1229 5134 6682 4307 6780 8639 5536

5.2 Ruler protocol
Walk a transect of 100 m for strips ready to be grazed.

Take a minimum of 30 height measurements along the transect. Measure the non-extended height of
the tall tillers avoiding the exceptionally tall and rare tillers as shown in image 7. Depending on the
level of pasture height variability a larger number of observations may be necessary if greater
accuracy of the estimates are required (see Table 4).

Calculate the average pasture height for the strip.

Use the average pasture height to estimate leaf, stem and total pasture on offer from values shown in
Table 6 or from the equations for individual months shown in Table 2.

Image 7 —When using a ruler or the PUP grazing ruler measure tall tillers like the one being
selected in this image but avoid the exceptionally tall and rare tillers like the ones on the
background of this image.
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Table 6 —Pasture on offer for kikuyu pastures of different surface heights measured with a
ruler

Pasture Top leafy stratum Bottom stemmy stratum Total pasture
surface on offer (kg DM/ha) on offer (kg DM/ha) on offer (kg DM/ha)
height (cm) Jan Feb Mar Jan Feb Mar Jan Feb Mar

10 351 452 302 0 0 0 351 452 302
15 619 629 384 242 954 396 861 1584 780
20 832 794 471 1184 1919 1195 2016 2713 1666
25 1003 947 564 1950 2751 1865 2953 3697 2430
30 1139 1089 663 2574 3467 2428 3713 4556 3091
35 1248 1220 768 3082 4085 2900 4329 5305 3668
40 1334 1342 879 3495 4617 3296 4830 5959 4175
45 1403 1455 998 3832 5076 3628 5235 6531 4626
50 1459 1560 1124 4106 5471 3907 5565 7031 5031
55 1503 1658 1258 4329 5812 4141 5832 7469 5399
60 1538 1748 1400 4511 6105 4337 6049 7853 5737

5.3 PUP grazing ruler protocol

Using the data from Table 7 or the equations for individual months from Table 2 you can construct
your own PUP grazing ruler. Otherwise, contact the DAF dairy team and get a PUP grazing ruler.

Walk a transect of 100 m for strips ready to be grazed.

Measure a minimum of 30 tillers along the transect using the PUP grazing ruler (Image 8) and
calculate the average pasture on offer for the strip. Measure the extended length of leaves and stems
of the tall tillers avoiding the exceptionally tall and rare tillers as shown in Image 7. Make sure you
place the base of the top fully extended leaf on the 0 cm mark on the ruler as shown in Image 8.
Depending on the level of leaf and stem length variability a larger number of observations may be
necessary if greater accuracy of the estimates is required (see Table 4). Collecting this large number
of observations can be time consuming. Therefore, it is recommended that the PUP grazing ruler
should be used:

- for farmers to train their visual estimations of the amount of pasture on offer. Trained farmers can
then use only visual estimations of the amount of pasture on offer to calculate pasture allocations as
long as they also use the second PUP grazing strategy as indicated below. This strategy will help
farmers to allocate the right amount of pasture to achieve the target post-grazing residues and thus
achieve maximum pasture intake and milk from pastures.

- with the second key strategy of PUP grazing to achieve the target post-grazing residues. This
second strategy consist of visual observations of pasture residues. For more information on these two
PUP grazing strategies visit:

http://dairyinfo.biz/wp-ontent/uploads/2018/01/Northern Horizons Dec2017.pdf
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Table 7 — Pasture on offer for kikuyu pastures of different extended plant part lengths
measured with the PUP grazing ruler

Extended Top leafy stratum on offer Stem Bottom stemmy stratum on
leaf length (kg DM/ha) length offer (kg DM/ha)

(cm) Jan Feb Mar (cm) Jan Feb Mar

5 380 399 139 5 823 1106 595

10 651 678 372 10 1535 2180 1301
15 921 957 605 15 2247 3254 2008
20 1191 1236 838 20 2959 4328 2714

25 1462 1515 1071 25 3671 5402 3421
30 30 4383 6476 4127
35 35 5095 7550 4834

Image 8 —-When using the PUP grazing ruler make sure you place the base (ligula) of the top
fully extended leaf on the 0 cm mark on the ruler as shown in this image

In this particular example
using a prototype ruler
the top leafy stratum and
the bottom stemmy stratum
on offer are approximately
1100 and 1400 kg DM/ha
respectively

5.4 Laser distance meter

The laser device used in this project has allowed us to demonstrate that accurate calibration
equations can be derived from pasture heights measured with the laser distance meters. However,
this device does not have a data logger and cannot capture height measurements at high frequency.

For a laser device to work collecting pasture height data efficiently, it should be able to be mounted in
a vehicle and provide the results as the vehicle is driven along transects. Capturing, recording and
proceeding data at high speed is then required for such a device. The intention is for DAF to apply for
funding to build and test on farm a prototype that can be used with the calibration equations already
developed by this project (Table 2 or 8). DAF, in collaboration with the remote sensing lab from the
University of Queensland (UQ), could build such a prototype for approximately $10 000 which will
require a separate project.

Document title, Department of Agriculture and Fisheries, 2018 22



Table 8 — Pasture on offer for kikuyu pastures of different heights measured with a laser
distance meter

Pasture Top leafy stratum Bottom stemmy stratum Total pasture
height on offer (kg DM/ha) on offer (kg DM/ha) on offer (kg DM/ha)
(cm) Jan Feb Mar Jan Feb Mar Jan Feb Mar
5 371 508 353 0 0 0 371 508 353
10 821 790 486 1155 1874 1233 1976 2665 1718
15 1095 1021 620 2156 3156 2304 3250 4177 2925
20 1261 1209 757 2923 4079 3023 4184 5287 3780
25 1363 1362 895 3511 4743 3505 4873 6105 4400
30 1424 1487 1035 3962 5221 3828 5386 6708 4863
35 1462 1589 1177 4307 5566 4045 5769 7155 5222
40 1485 1672 1320 4572 5814 4190 6056 7486 5511

6 Implications for the grazing management of kikuyu
pastures

This project has not only allowed us to collect the data for the calibration of pasture meters on-farm
but also to have a better understanding of the structural changes that occur in the kikuyu sward with
increasing pasture height. We can now draw some conclusions from this understanding with
significant implication for the grazing management of kikuyu pastures as well as for the identification
of knowledge gaps.

The results seem to indicate that there is no benefit in letting the pasture grow beyond 30 to 35 cm.
Beyond that pasture height there are three potentially negative consequences for the pasture and the
animals. Most pasture growth consists of an accumulation of the bottom stemmy stratum of low
quality as the growth of the top leafy stratum is marginal. There is a significant decrease in tiller
density. This may result in a decline of growing points in the pasture which may reduce the regrowth
rate of the pasture after grazing. Grazing only the top leafy stratum allows the cows to achieve high
pasture intake but would leave large pasture residues of at least 15 cm (Figure 7). This large residues
are recommended to be reduced to 5 cm which may increase the cost of the system if done
mechanically by slashing or mulching. Residue accumulation and management is an area that
requires more research to quantify its impact on pasture regrowth and utilisation; and on the
economics of the grazing system.

Grazing short pastures of less than 15 cm may also have negative consequences for the pasture and
the animals. It is well documented for other pasture species that the intake rate is low in short
pastures which may result in low daily pasture intakes. Also, grazing short pastures may compromise
the growth rate of the pasture for two reason. Firstly, these pastures are less likely to be at the ideal
leaf stage (Figure 5) where energy reserves for regrowth have not been fully replenished. Secondly,
as shown in Figure 8 canopy closure has not occurred indicating that the pasture has not reached
maximum growth rate.

The ideal pasture height for grazing kikuyu seems to be between 20 and 25 cm for the following
reasons. Reasonable pasture residues of less than 10 cm are likely to be achieved after grazing the
top leafy stratum (Figure 7). The pastures may be close to achieving maximum growth rate as their
canopy are nearly fully closed (Figure 8). The pastures are tall enough so that bite mass, intake rate
and thus daily pasture intake may not be compromised as found for other grass species such as
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Cynodon dactilon (Mezzalira JC, et al, 2013). This late hypothesis still needs to be tested for kikuyu
pastures.
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8 Recommendations

It is recommended to extend this project to calibrate the pasture meters for ryegrass pastures during
the upcoming ryegrass season 2018.

DAF in collaboration with the Remote Sensing Laboratory from UQ wish to build a laser prototype for
approximately $10 000 to be tested on-farm which requires a separate project.
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