
 

  

22 January 2016 

 

Our Reference: 21159-15-BILR-1Rev0_160122 

 

Troy Collie 
Project Director - Approvals 
Mount Gibson Mining Ltd 
PO Box 55 
West Perth WA 6872 

 

Dear Troy, 

Re: Monitoring Darwinia Using the Plant Efficiency Analyser 

1 Introduction 

Mt Gibson Mining Ltd (Mt Gibson) operates the Extension Hill hematite mine (Extension Hill) located 
approximately 280 km south east of Geraldton. Conditions 6 and 8 of Ministerial Statement 753 
(MS 753) require monitoring of the health of the Declared Rare Flora species Darwinia masonii 
adjacent to the mine. This monitoring is to enable any potential indirect impacts from Mt Gibson's 
operations to be detected. Indirect threats from these operations are identified in MS 753 as dust 
deposition, primarily, but also fire, weeds, altered hydrology and unauthorised disturbance. Mt 
Gibson is examining alternate ways to execute the program by including an efficient and quantitative 
measure of plant health. 

The Plant Efficiency Analyser or PEA (Hansatech Instruments) is a small portable instrument with 
good potential to provide a quantitative and efficient measure of plant health. The instrument 
senses and analyses chlorophyll fluorescence (CF) to determine the level of photoinhibition within a 
leaf. Photoinhibition can be affected by any stressor (for example, drought, salinity and dust). The 
standard parameter used to measure photoinhibition is variable fluorescence divided by maximum 
fluorescence (Fv/Fm) (Björkman and Demmig 1987; Maxwell and Johnson 2000). The Fv/Fm metric has 
long been recognised as an indicator of photoinhibition specifically and plant physiological health 
more broadly (Maxwell and Johnson 2000; Mohammed et al. 2003). Values of Fv/Fm that relate to 
healthy and unhealthy leaves are regarded as universal irrespective of species; values at 0.8 and 
above are indicative of healthy leaves. As such, the data generated from the PEA are easy to 
interpret. 

One reason for inclusion of Fv/Fm is that it is a quantitative and direct measure of plant health. In 
environmental monitoring, quantitative methods are desirable because they are generally more 
reliable and sensitive than qualitative methods such as visual health scores. They also tend to reduce 
the sample size required to achieve a given level of statistical power, because measurement error is 
reduced. 

Another advantage of Fv/Fm is that as a physiological parameter, it is a leading indicator of plant 
health. The inclusion of leading indicators in monitoring programs is desirable because they allow 
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the early stages of decline to be detected, providing an opportunity for management intervention to 
arrest decline before it becomes irreversible. Fv/Fm data may indicate changes in the physiological 
health of plants that are yet to manifest in ways that can be observed by the human eye: for 
example, leaf discolouration or leaf shedding. 

In this project, a staged approach has been followed in order to assess the results at each stage 
before deciding whether to proceed to the next. Stage 1 involved preliminary testing of whether D. 
masonii was suitable for measurement with the PEA. Initial tests suggested that the small thin leaves 
may limit routine measurement when leaves remain attached to the plant. Therefore, a practical 
protocol for field measurements would require the removal of a small number of leaves; two to 
three leaves per plant would be appropriate for each measurement in a monitoring program and 
consistent with the Permit to Take Declared Rare Flora (Permit Number 28-1516) held by Mt Gibson. 
The impact on mature plants from the removal of this number of leaves would be negligible. Testing 
of the effect of leaf removal on Fv/Fm by comparing measures of both leaves attached and leaves 
recently removed was carried out on a D. masonii seedling and two seedlings of another species. 
Results indicated that the effect of leaf removal did not significantly affect Fv/Fm if measurements 
were made as soon as possible after excision and accounting for the time required for the "dark 
adaption" preparation that is required prior to measurement (15 to 20 minutes). 

This report summarises the results of Stage 2: An evaluation of the PEA in the D. masonii monitoring 
program at Mt Gibson Ranges. The following questions were to be addressed in this stage: 

1. How dynamic is Fv/Fm for D. masonii in the field? If highly dynamic (changes within a day or 
between two days) then the method may be unsuitable for this monitoring program (or 
suitable for only a subset of samples that can be measured within the same time window on 
each monitoring occasion). 

2. Is there evidence that dust deposition has caused changes in D. masonii health? That is, do 
plants close to airborne dust sources have poorer health. 

A secondary trial tested an alternative leading indicator of plant health: leaf colour. A SPAD 
chlorophyll meter (Konica Minolta) was trialled for quantitative greenness measurements. However, 
the small size of the D. masonii leaf did not allow for reliable measurements to be obtained; 
therefore, no data are presented for this parameter. 

2 Methodology 

2.1 Timing and Conditions 

The trial took place across nine sites at Extension Hill over three days from 27 to 29 November 2015. 
The timing of the trial coincided with the commencement of the warm, dry summer period. Records 
from the Paynes Find weather station (station 007139), located approximately 60 km north of 
Extension Hill, indicated that no rain fell during the trial and only 15 mm fell in the three months 
prior (Bureau of Meteorology 2016). Maximum temperatures were 36°C and 33°C for the second 
and last days of the trial, with no data available for 27 November (Bureau of Meteorology 2016). 

2.2 Design 

Sites were selected both near and far from the mine pit (Figure 1; Table 1). The sites covered a 
variety of topographical settings and aspects. Five D. masonii plants at each site were measured for 
Fv/Fm and height, with scores assigned for health and dust deposition per plant. Further detail is 
provided for each method in Section 2.3.  



T

X

PE(b)

PE(a)

D4

D1

D34
D24

D21

D16

515000 516000 517000 518000 519000
672

50
00

672
60

00
672

70
00

672
80

00
672

90
00

673
00

00

Author: R. Archibald Date: 20-01-2016
Drawn: T. Pedersen Figure Ref: 21159-15-BIDR-1Rev0_160120_Figure_1 0 500 1,000

metres
Datum: GDA 1994 - Projection: MGA Zone 50

Figure 1: Sites in the Darwinia masonii health monitoring trial
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Table 1: Site characteristics. 

Site Approximate distance 
from pit (m) Landform Aspect Notes 

PE 0 Upper slope East - South east Pit edge 

X 45 Mid slope East Tall D. masonii 

D1 295 Upper slope West - 

D16 695 Ridge N/A - 

T 2,060 Mid slope North Translocated plants 

D21 2,370 Ridge N/A - 

D24 2,620 Ridge N/A Some disturbance 

D4 3,365 Upper slope North east - 

D34 4,160 Lower slope South east Tree layer present 

2.3 Measurement Methods 

2.3.1 Fv/Fm 

Three leaves were selected from each plant. For consistency and to minimise the influence of leaf 
age or shading effects, the youngest, fully expanded leaves from the upper section of the canopy 
were sampled. The leaves were selected systematically across the longest axis of canopy width, with 
the middle and two outer locations comprising the three sampling points. Dark adaption clips were 
placed on each leaf and the clips were sealed in plastic bags and kept cool in an insulated bag for 15 
to 20 minutes. Each leaf was then measured using the PEA. 

To assist in answering Question 1 (How dynamic is Fv/Fm for D. masonii in the field?), measurements 
of Fv/Fm were repeated four times across the three days at three sites (D1, D16 and X). 
Measurements were made on day 1 (afternoon), day 2 (morning and afternoon) and day 3 
(morning). 

2.3.2 Height 

Height from ground to the tallest green leaf was made with a tape measure held perpendicular to 
the ground surface. 

2.3.3 Health score 

A visual score of health was recorded for each plant using the system outlined in MBS 
Environmental (2015). This system produces four possible health scores: 0 (near death), 1 (very 
poor), 2 (poor) and 3 (fine). The health scores are calculated from four component scores made for 
each of the following attributes: plant vigour, canopy density/completeness, leaf colour and new 
growth. 

2.3.4 Dust 

A dust deposition rating (developed by Astron) for each plant was assigned (Table 2). 
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Table 2: Dust deposition rating for plants formulated by Astron. 

Dust 
deposition 
rating 

Dust deposition 
descriptor Definition 

1 Negligible No dust obviously visible on plant. 
Virtually no cloud of dust when plant is shaken. 
No trace of dust when rubbing plant. 

2 Low Thin layer of dust apparent on leaves/stems. 
Dust may or may not come off when plant is shaken. 
Only very small amount of dust can be rubbed off. 
Amount of dust too little to be noticeable between fingers. 

3 Moderate Plant obviously covered in dust but leaf colour plainly visible. 
Dust falls off in a thin cloud when plant is shaken. 
Dust can be rubbed off plant. 
Grit/powder noticeable between fingers, smear thin when wet. 

4 High  Plant covered in dust, but leaf colour is faintly visible through dust 
layer. 
Dust falls off in a cloud when plant is shaken. 
Dust can be rubbed off plant. 
Grit/powder noticeable between fingers, smear opaque when wet. 

5 Extreme Dust is caking the plant thickly; leaf/stems take on colour of dust. 
Dust falls off in a thick cloud when plant is shaken. 
Dust can be rubbed off leaves or stems. 
Dust feels powdery/gritty between fingers, smear clayey when wet. 

2.4 Data Analysis 

2.4.1 Question 1: How dynamic is Fv/Fm for D. masonii in the field? 

Variability in PEA measurements over time was tested using paired t-tests on individuals which were 
measured on two mornings and two afternoons, with each time period being compared with each 
other time period (that is, morning 1 with afternoon 1 and afternoon 2, and morning 2 with 
afternoon 1 and afternoon 2). The influence of time of day on Fv/Fm values was also tested using a 
general linear model, with each individual tree used as a data point and records for a single day 
(28 November 2015) compared. 

2.4.2 Question 2: Is there evidence that dust deposition has caused changes in D. masonii health? 

The strength and statistical significance of the relationship between Fv/Fm and distance from mine 
pit (factor) was tested using a general linear model. Site was the unit of replication with measures on 
each individual plant treated as subsamples. 

Dust deposition ratings varied so little among the plants assessed and so were not analysed; results 
are described in text only. 
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2.4.3 Supplementary analyses 

The strength and statistical significance of the relationship between Fv/Fm and the following were 
tested: 

• health score 

• height 

In both cases, each individual plant was treated as the replicate. 

Health score was calculated in two ways. Firstly, the established method was followed by using the 
minimum score of Vigour, Canopy, Leaf colour or New growth. Based on this standard method plants 
only had scores of 1 or 2. The comparison of Fv/Fm values was therefore treated as a one-way 
Analysis of Variance (ANOVA) with two levels for the factor health score (1 or 2). The second method 
was to sum these four variables to create a data set with a greater spread of values; a general linear 
model was run for these data. 

2.4.4 Testing models assumptions and model refinement 

Model error assumptions of equal variance and normal distribution were tested by examining 
residual plots. A Shapiro-Wilk test was used to test for normality within residuals (Faraway 2005). 
The only model to breach these assumptions was the relationship between health score and Fv/Fm 
values. Therefore, this model was re-run using a Spearman’s rank non-parametric correlation. As the 
results were similar to the parametric (general linear model) test, we report the results of the 
parametric test in order to allow easier comparison with other models. 
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3 Results 

Higher values of Fv/Fm were recorded in the mornings than in the afternoons (Figure 2) with the 
difference significant: t > 2.5, P < 0.02 for all tests of each morning against each afternoon (four 
combinations). Despite the variation between the morning and afternoon, mean Fv/Fm for site D16 
was distinctly lower than for D1 and X when any time combination was compared. The relative order 
of mean was also preserved across each of the four measurement times. 

 

Figure 2: Change in Fv/Fm values based on time of day. Each line represents the readings from one tree. Error bars 
represent one standard error of the mean for individual trees at each site. 

When values for the plants across all nine sites over the course of a single day were analysed, there 
was no evidence of a relationship between Fv/Fm and time of day: F1,23 < 0.001, P = 0.99 (Figure 3a). 

Based on the standard method of deriving health score (the minimum score of all four parameters), 
plants only had scores of 1 or 2. Plants with a score of 2 had a significantly higher Fv/Fm than those 
with a score of 1: F1, 42 = 4.66, P = 0.04. Summing the value of the four health parameters, thereby 
providing a broader range of scores, and regressing this value against Fv/Fm revealed a significant, 
although weak, positive association: F1,41 = 6.06, P = 0.02, R2 = 0.13 (Figure 3b). 

There was no significant relationship between Fv/Fm values and distance from the mine pit: 
F1,7 = 0.45, P = 0.52 (Figure 3c). Two plants at the pit edge site each had a dust rating of 2 (low), while 
all other plants assessed had dust ratings of 1 (negligible). The two plants with the higher dust scores 
had Fv/Fm readings of 0.77 and 0.78: values that were within the middle of the range of those 
measured across the nine sites during the trial. 

There was a significant positive association between Fv/Fm and plant height: F1,41 = 13.63, P = 0.001, 
R2 = 0.25 (Figure 3d). 
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Figure 3: Relationship between Fv/Fm and a) time of day, b) plant health score, c) mean Fv/Fm and distance from mine pit, 
and d) plant height. Relationship with time of day is determined for all data recorded 28 November 2015, while the 
relationship with distance from mine is based on the mean value amongst plants at each site. The health score is 
calculated as the sum of the scores for Vigour, Canopy, Leaf colour and New growth. 

  

a) b) 

c) d) 
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4 Discussion 

The questions that this trial was designed to address are answered in turn below. 

4.1 How dynamic is Fv/Fm for D. masonii in the field? 

There is clearly an effect on Fv/Fm with time of day. Values in the morning were higher than values in 
the afternoon. However, it is apparent from Figure 2 and Figure 3a that factors other than time of 
day account for larger sources of variation in Fv/Fm. These other factors are most likely site attributes 
that govern microclimate, and plant-available soil moisture and nutrients: substrate properties, 
slope aspect and vegetation structure (particularly density and whether or not a stratum exists 
above D. masonii). A larger study with more site replicates would be needed to determine the 
significance and relative importance of these factors. 

The implication of this finding is that the PEA can be used for monitoring across the course of a day, 
but with due consideration the fact that time of the day can have some influence on results. To 
minimise time of day errors completely, measurements would only be taken in one period of the day 
(for example, morning only). However, in order to balance practicality and account for time of day, 
the following measures are recommended when incorporating the PEA into the monitoring 
program: 

• ensure that measurements at potential impact sites (near the mining pit) and reference sites 
(far from disturbance) are randomised or stratified throughout the day (as opposed to 
measuring all potential impact sites in the morning and all reference sites in the afternoon) 

• when analysing the effect of distance from mine pit on the Fv/Fm values of D. masonii, use 
more complex statistical models whereby time of day (hours since sunrise) is included as a 
covariate. 

Following on from the morning-afternoon issue, differences in weather conditions between days 
may also have a bearing on results. Therefore, monitoring across a succession of days where the 
weather is highly variable should be avoided. 

4.2 Is there evidence that dust deposition has caused changes in D. masonii health? 

No; distance from the mine pit was not statistically significant in explaining variability in Fv/Fm. 
Furthermore, the plants that had some dust cover had normal Fv/Fm levels comparative to other 
plants measured in the trial. This finding needs to be considered with the fact that dust levels 
observed on D. masonii at the time of the trial were low overall and showed little variation; 
therefore, there was no detectable impact of dust on D. masonii generally, at this stage. Results in 
Figure 3 (c) clearly shows mean Fv/Fm levels as high (healthy) or higher near the mine pit than those 
at more than 2 km away. 

4.3 Supplementary Information 

Support for Fv/Fm representing a credible measure of D. masonii health was obtained in the trial. The 
parameter was positively and significantly associated with other parameters that indicate plant 
health: health score and height. However, the associations were not strong (R2 ≤ 0.25). This 
weakness is not unexpected given that Fv/Fm is a more instantaneous measure of plant health 
whereas height and health scores are parameters that integrate factors operating over months or 
years. In addition, Fv/Fm is a direct and quantitative parameter whereas health score is a qualitative 
parameter and height is an indirect parameter for health. 
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4.4 Future Directions 

The broader scope of work for the project included the following question: 

• How well does Fv/Fm perform as a leading indicator of health in D. masonii? 

There is sufficient information from the current trial to suggest that the PEA will mostly likely 
perform well in this regard. However, the question can only be answered with confidence after 
performing repeat measures over longer periods of time so that Fv/Fm at time 1 can be related to 
other health measurements (height, health and dead/live) at time 2. This question could be 
answered with a subsequent round of measurements on the same plants as measured in this trial. 

A further question of interest relates to whether dust levels at Extension Hill are likely to affect 
D. masonii. Dust levels observed during the trial were almost universally negligible so the question 
cannot be answered with data from this trial alone or at all. In progressing to answering this 
question, it would be important to measure the physical health (health score) and physiological 
health (Fv/Fm) of any D. masonii that had above-average levels of dust deposition observed during 
previous rounds of monitoring. It may also be worth considering artificially increasing dust 
deposition on some plants, or a portion of them, to investigate whether dust is ever likely to have an 
impact. The available literature would suggest it is unlikely (see Matsuki et al. in press). 

A final point needs to be made about using the PEA to measure all of the plants in the monitoring 
program as it is currently conducted. It is recommended that fewer plants are monitored if the PEA 
is incorporated. As the PEA provides a more precise measurement of health, fewer plants may be 
measured while maintaining comparable statistical power to that in the original program. 

5 Conclusion 

The PEA represents a valid and practical quantitative method for monitoring the health of 
D. masonii. Solutions to limit the influence of time of day on results comparing potential impact sites 
and reference sites are available. With a further round of measurements, either in another trial 
round or by incorporating the PEA into the monitoring program proper, the effectiveness of Fv/Fm as 
a leading indicator of health can be evaluated. With the inclusion of the PEA, there is a good case for 
reducing the number of plants in the monitoring program. 

This report has been prepared by Dr Robert Archibald and Dr Aaron Gove, and reviewed by me. If 
you have any queries, please do not hesitate to contact Rob. 

 

Yours sincerely 
ASTRON ENVIRONMENTAL SERVICES 

 

Dr Stuart Pearse 
Manager - Biodiversity 
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