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Abstract

Pasture “burning” occurs when pasture turns yellow and dies back following
irrigation of high strength effluent from the Fonterra Edgecumbe dairy factory.
Pasture burning generally occurs intermittently during spring and continues into
early summer. The objectives of my thesis were:
e review literature related to pasture burning and relate literature to potential
causes,
e monitor pasture burning events and activities at Fonterra Edgecumbe dairy
factory to endeavour to find potential causes of pasture burning,
e and undertake an experiment(s) to determine the concentration at which
components of the effluent cause pasture burning.

Preliminary observations and a literature review identified multiple potential causes
of pasture burning including effluent with high or low pH, high temperature, low
osmotic potential/high osmolality as well as UV-radiation damage, excess nutrients,
and salt build up in the soil and plant leaves. The weather at the time of irrigation
and daily changes in the effluent composition may influence the severity of burning.

It is likely that pasture burning is caused by a combination of effects.

The osmolality measures the concentration of a solution. Osmolality was chosen as
a measure of pasture burning as the osmolality measure the solute concentration in
a solution. Fresh clover (400 - 500 mmol/kg) and ryegrass (500 - 600 mmol/kg) had
a similar mean symplasmic osmolality to burnt clover and ryegrass. The high
strength effluent had a lower mean osmolality (217 mmol/kg) compared to fresh
clover (440 mmol/kg) and ryegrass (535 mmol/kg) and burnt clover (478 mmol/kg)
and ryegrass (556 mmol/kg). If there are spikes in the concentration of effluent, the
osmolality of the effluent may exceed that of the pasture causing reverse 0smosis

and the water in the plant cells to move out of the leaf causing dehydration.

A pilot trial to determine if there was a relationship between osmolality and pasture
burning was undertaken. Effluent was spiked with KCI and lactose solution to
increase the osmolality. The pilot trial showed that as the osmolality of the effluent

increased, clover and ryegrass burning increased.



A main experiment was then designed to determine the cut off point for the

osmolality of the effluent to prevent pasture burning.

The main experiment was also designed to determine if younger growth was more
susceptible to pasture burning. One block had progibb and urea applied to enhance
the growth of the pasture. The main experiment however, was unable to determine
if new growth was more susceptible to pasture burning as the weather and nutrient
content of the soil was optimal for pasture growth in both blocks.

In the pilot trial, there was a positive correlation (R?> > 0.5) between ryegrass
burning and osmolality, pH, electrical conductivity, total magnesium, sulphate,
total sulphur, total sodium, total nitrogen, dissolved reactive phosphorus, total
kjeldahl nitrogen and the sodium absorption ratio.

In the main experiment, there was a positive correlation (R? > 0.5) between clover
burning and electrical conductivity, exchangeable sodium percentage, total
potassium and chloride. However, there was no strong correlation between ryegrass

burning and any of the effluent properties.

When the pilot trial and main experiment results were combined, there was a
positive correlation (R? > 0.5) between clover burning and electrical conductivity,
chloride, total potassium and osmolality.

My results suggest that the effluent osmolality should not exceed 450 mmol/kg and
the electrical conductivity should not exceed 1500 mS/m to prevent strong to very
strong pasture burning. Effluent that exceeds either 450 mmol/kg and/or 1500
mS/m should be recirculated through the holding tanks to reduce the concentration
of the “spike”.

Clover was more susceptible to severe pasture burning than ryegrass. Further
research into pasture burning is required to isolate and better understand the exact

cause.
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Chapter 1

Introduction

1.1 Background

Land disposal of effluent has been occurring since humans first became established
in fixed settlements (Lofrano & Brown, 2010). In New Zealand, the application of
dairy factory effluent to land has been occurring in some places, such as Hautapu,
for 22 years (Watkins and Nash, 2010). As dairy factory effluent became recognised
as a resource, land treatment of effluent became more common in New Zealand and
around the world. Many large companies now dispose of their effluent by applying
it to land. The disposal of effluent to land is designed to enhance the growth of
pasture (Watkins and Nash, 2010), by providing nutrients and water, to prevent high
amounts of effluent being diverted to waterways. The fertiliser value of dairy
factory effluent is dependent on the products being made in the factory and how the
effluent is treated before it leaves the factory (Watkins and Nash, 2010). Due to the
high milk mineral content and cleaning products present in dairy factory effluent,
application to land must be managed carefully to prevent environmental
degradation in that area (Watkins and Nash, 2010).
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The Fonterra dairy factory at Edgecumbe was built in 1923 (Fonterra, 2014) and is
500m from the town of Edgecumbe. Fonterra Edgecumbe was known as Bay Milk
Products until 1985 (Figure 1-1, Nicholson, 2000). In June 1997 Bay Milk Products
became Anchor Products when three major co-operative dairy companies in the
Bay of Plenty merged. In 2001 Fonterra was formed when two large co-operative
companies merged, NZ dairy group and Kiwi co-operative dairies (Dana &
Schoeman, 2010 after Ohlsson, 2004). Anchor products Edgecumbe then became
Fonterra Edgecumbe. Fonterra Edgecumbe has a cream plant, protein plant, whey
plant, ethanol plant and lipid plant (Fonterra, 2014). Fonterra Edgecumbe is one of
two sites that produces caseinate and is the only site to produce prepared edible fat
(PEF) which is used in confectionary products (Fonterra, 2014). Products are

exported to many countries all over the world (Fonterra, 2014).
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Figure 1-1. The study area is in Edgecumbe which is approximately 20km from
Whakatane, Bay of Plenty (Map from Google, 2017).

Most of the effluent from the Fonterra Edgecumbe Dairy Factory it is irrigated onto
surrounding farms under resource consent 65800-AP (Figure 1-2). Some of the
effluent is treated and discharged into the Rangitaiki River.
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Study Area

Figure 1-2. Map of Fonterra Edgecumbe, study area and experiment area (Base
map from google Maps, 2016)

The effluent runs through a large underground network of pipes to each farm. There

are 4 main effluent lines that move the effluent to the farms (Figure 1-3).

Pasture “burning” occurs often during September through to January following
irrigation of high strength effluent, causing the pasture to turn yellow and die-back.

Pasture burning generally occurs during spring and continues into early summer.
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Putiki Line

/ Fonterra

Edgecumbe township

Omehue Irrigation Base
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Figure 1-3. Map of the Fonterra Edgecumbe effluent lines (Mark McKenzie,
pers comm, 2017).
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1.2 History of pasture burning at Fonterra Edgecumbe

Pasture burning was first observed by Fonterra Edgecumbe in 1996 (Bram
Beuger, pers comm, 2016). Pasture burning occurs on some farms that Fonterra
Edgecumbe irrigates their high strength effluent onto (Truong & Barnett, 1996).
Since 2005 two trials have been carried out by Bram Beuger and Crush et al.,
(2005) to determine the cause of pasture burning. The conditions pasture burning
occurs under need to be understood in more detail to prevent future loss of
pasture. Finding the cause of, and thus preventing, pasture burning is important
as there is potential for the irrigation of effluent to be stopped if adverse effects

on pasture become widespread.
1.3 Objectives

The overall purpose of this study is to investigate the occurrence and cause of
pasture burning which occurs on farms at sites irrigated with dairy factory

effluent from the Fonterra Edgecumbe plant.

Specific objectives are to:
1. Review literature related to pasture burning and relate to potential
causes.
2. Monitor pasture burning events and activities at Fonterra
Edgecumbe dairy factory to endeavour to find potential causes.
3. Undertake an experiment(s) based on the above results to determine
the concentration at which components of the effluent cause pasture

burning.






Chapter 2

Literature Review

2.1 Introduction

The purpose of this chapter is to review the literature related to pasture burning
from dairy factory effluent. The topics that will be covered include the composition
of dairy factory effluent, pasture characteristics, soil properties, nutrient
deficiencies, and possible causes of pasture burning and a summary of previous
investigations in pasture burning undertaken at the Edgecumbe effluent irrigation

site.

2.2 Composition of dairy factory effluent

The irrigation effluent from dairy factories contains soluble organic materials and
trace inorganics as well as suspended solids (Shete & Shinkar, 2013). Effluent
composition changes depending on the processes occurring at the dairy factory.
Effluent can include; oil and grease, protein, lactose, casein, ash, minerals, nitrogen,
calcium, sodium, phosphorus, magnesium and potassium, and cleaning products
(Table 2-1, Ghani et al., 2005; Shete & Shinkar, 2013). Whey contains organic
matter — lactose, protein, phosphorus, and some nitrates, and nitrogen (Shete &
Shinkar, 2013). The content of dairy factory effluent causes the effluent to have a
high biological oxygen demand (BOD) and chemical oxygen demand (COD) (Shete
& Shinkar, 2013). BOD is the amount of oxygen needed by aerobic microorganisms
to break down the organic material in the effluent. COD is the amount of oxygen

“consumed in the oxidation of organic compounds by oxidizing agents” in solution

(Yaoetal., 2014).
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Table 2-1. An example of dairy factory effluent composition (Adapted from
State Government of Victoria, 1997; Ghani et al., 2005; Watkins and Nash,
2010.).

pH 4-12 NOs. (%) <0.001
Total C (%) 1.942 S04 (%) 0.073

Total N (%) 0.065 - 1400 K* (%) 0.012 - 160
Total P (%) 0.063 - 640 Na* (%) 0.032 - 807
Total S (%) 0.075 Mg?* (%) 0.018 - 49
NH* (%) 0.000 BOD 700 - 35000
Cl- (mg/L) 48-469 Ca+ (mg/L) 57-112

2.3 Pasture Characterisation and Properties

2.3.1 White clover

Clover (Trifolium sp.) is a key plant in New Zealand’s pastures (Caradus, Hay &
Woodfield, 1995; Brock & Hay, 2001). There are many varieties of clover, white
clover being the most widely grown in New Zealand (Caradus et al., 1996). White
clover is distinguished by leaf size and grows via stolons along the ground surface
(Rattray, 2005). White clover has large leaves which are suitable for dairy grazing
— Pitau and Kopu are two varieties grown in the North Island that are suitable for
flat land and warmer climate (Caradus, Hay & Woodfield, 1995). The optimal
temperature for white clover growth is 24°C and optimal soil pH is 5.8-6 (Rattray,
2005).

Clover fixes atmospheric nitrogen, via rhizobia bacteria which infect the root
nodules of the clover, and boosts pasture growth (Rattray, 2005). Clover grows
during late spring and summer where nitrogen fixation is at its peak (Rattray, 2005).
The symbiosis relationship between the clover and the rhizobia is important to New
Zealand’s pasture and economy (Ronson & Lowther, 1996). White clover provides
New Zealand with ~$3.1 billion annually through its ability to fix nitrogen creating
a low-cost natural fertilising system (Harris, 1997; Rattray, 2005). When clover is
established in a pasture, it is dominant and fixes nitrogen from the soil and
atmosphere. However, as the sward develops, clover growth slows due to
competition from grasses (Ball & Crush, 1985; Brock et al., 1989 as cited in Rattray,
2005).
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Nitrogen fixation, and therefore clover growth, is affected by minerals, “moisture
stress, low soil fertility, grazing, temperature, grass competition, and appropriate
rhizobium strains” (Caradus et al., 1996). Clover requires phosphorus, potassium
and sulphur as well as optimal superphosphate and molybdenum levels (Rattray,
2005). In some cases, there may be excess nitrogen present but the nitrogen may be
unavailable to the plant thus reducing plant growth (Rattray, 2005). Clover is
susceptible to high moisture conditions in summer causing it to die off (Rattray,
2005).

2.3.2 Ryegrass

Ryegrass (Lolium sp.) requires high levels of nitrogen to grow effectively which is
why it best accompanies clover (Cook, 2014). Ryegrass continues to grow in the
cooler months of the year i.e. winter and spring (Cook, 2014). Ryegrass growth
starts from a tiller which then grows into leaves (Guest, 2008 & Cook, 2014).

Vegetative parent tiller

Daughter tiller

Growing point

Roots

Figure 2-1. Ryegrass plant (Guest, 2008).

Each ryegrass plant is connected to another ryegrass plant at the base of the plant,
but each tiller has its own root system (Figure 2-1, Guest, 2008). As each ryegrass
plant is connected at the base, the ability to spread is limited (Cook, 2014), unlike
clover that spreads easily via stolons (Rattray, 2005). Ryegrass has an annual root
system that is replaced every spring (Cook, 2014). Ryegrass has a good tolerance
to low temperatures and requires sun to thrive (Cook, 2014). During hot summer

periods ryegrass grows well when irrigated (Cook, 2014).
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Ryegrass’s need for water means that during summer ryegrass struggles under high
temperatures if not irrigated (Hall, 1992). Ryegrass grows well when the soil is
fertilised and well-drained (Hall, 1992). Optimal soil pH for ryegrass growth is

between about six and seven (Hall, 1992).

2.4 Granular and Foliar Fertilisation

The irrigation of effluent provides plant nutrients, directly to the leaf and through
the soil. Foliar fertilisation is one of the most effective method for quickly
correcting nutritional deficits (Fageria et al., 2008; Gary and Grigg, 2011). Foliar
fertilisation involves the absorption of nutrients (inorganic and organic) through the
leaf surface via physical and chemical processes (Franke, 1967 as cited in Fageria
et al., 2008; Gary & Grigg, 2011).

Nutrients are absorbed through the cuticle, cell wall, membrane, stomata and
chloroplast layer (Middleton and Sanderson, 1965; Franke, 1967; Burkhardt et al.,
1999 as cited in Fageria et al., 2008). The leaf surface has a negative charge and
therefore nutrients that enter the plant via the leaf must be small and able to
neutralise the negative charge to be absorbed (Gary & Grigg, 2011). Nutrients must
have a neutral charge for absorption (Gary & Grigg, 2011). Macronutrient
requirements are rarely reached via foliar fertilisation alone, meaning there must be
several applications of fertiliser (Fageria et al., 2008). Foliar fertilisation is optimal
for micronutrient deficiency correction and for young plants that do not have a well-
developed root system (Fageria et al., 2008). Foliar fertilisation enables nutrient
deficiencies to be corrected after 3 to 4 days, unlike granular fertilisation which
takes 5 to 6 days (Fageria et al., 2008).

A disadvantage of foliar fertiliser is that if too much is applied or the wrong
concentration of nutrients is applied, it may burn the plants (Fageria et al., 2008;
Gary & Grigg, 2011). If it rains soon after irrigation, the fertiliser can be washed

away preventing burning (Fageria et al., 2008).

10
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Foliar fertilisers work most efficiently when the temperature and pH is stable and
there is plenty of sunlight (Gary & Grigg, 2011). Gooding and Davis, (1992 as cited
by Fageria et al., 2008) found that nitrogen fertilisers burnt cereal plant leaves at
the tips. Alkier et al., (1972) found that pasture burning was more common when
the nitrogen source comes from ammonium nitrate or ammonium sulfate.
Ammonium nitrate or ammonium sulfate contain high levels of salt meaning water
in the leaves will move out via osmosis killing the leaf (Gooding and Davis., 1992
as cited by Fageria et al., 2008). If the same amount of nitrogen was applied to the
leaves as would be applied to the soil in one application then pasture burning was

severe (Poulton et al., 1990 as cited by Fageria et al., 2008).

2.5 Soil Chemical Properties

2.5.1 Cation exchange capacity (CEC)

The cation exchange capacity (CEC) is a measure of the soil’s ability to hold readily
exchangeable cations (positivity charge ions) (Rhoades, 1982). CEC is often
expressed as meqg/100g (Peverill et al., 1999). Soil contains both positive and
negative ions. As the soil retains and holds positively charged cations, the soil can
be neutralised if it was unbalanced by negative ions (Rhoades, 1982). CEC
determines potential, nutrient availability, and pH buffering capacity (Hazleton &
Murphy, 2007). CEC varies depending on the percentage of clay present, type of
clay, and amount of organic matter. Clay and organic matter have negatively
charged surfaces which enable positively charged cations to attach via an
electrostatic force (Sorption, Retention, and Release of Contaminants, 2008).
Potassium, sodium, calcium and magnesium are the four main base cations in CEC
(Mengel, n.d.). When measuring the CEC of a soil, these four base cations are tested

to give an overall measure of the base saturation (Mengel, n.d.).

As the four base ions are not always present, understanding the soil pH and what
ions are present is important when calculating CEC (Mengel, n.d.). Changes in soil
pH cause other cations to attach to surface site altering the nutrients available to
plants (Leticia et al., 2014). Other cations that are key for plant survival include

ammonium, manganese, iron and copper (Leticia et al., 2014).

11



Chapter 2 Literature Review

Plants can only absorb cations in certain forms e.g. phosphorus can only be
absorbed in the form of phosphates (University of Hawaii, 2007-2016, Table 2-2).

Table 2-2. Form of nutrients available to plants (University of Hawaii, 2007-

2016).

Element Form absorbed by plants

Nitrogen NH* (ammonium) and NO*
(nitrate)

Phosphorus ~ H2PO* and HPO4? (orthophosphate)

Calcium Ca*?

Magnesium  Mg*?

Potassium K*

Sulphur SO4%(sulfate)

Iron Fe*? (ferrous) and Fe*3 (ferric)

Manganese ~ Mn*?

Boron HsBOs (boric acid) and H,BO*
(borate)

Copper Cu*?

Zinc Zn*?

Molybdenum MoQ4? (molybdate)

Important ions for plant survival may become unavailable due to the addition of
acidic or basic ions from the dairy factory irrigation.

2.5.2 Sodium absorption ratio (SAR)

The sodium absorption ratio (SAR) is a measure of the sodicity of irrigation water
and the likelihood that sodium ions in the irrigation water will exchange with
calcium and magnesium in the soil (Clark & Mason, 2006). The SAR calculation is
(Clark & Mason, 2006):

SAR = Na*
\[Ca2* + Mg?*]

where Na, Ca and Mg are in concentrations in me/I.

12
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If the SAR is <3, the irrigation water is considered safe (WateReuse Foundation,
2007). If the SAR is > 9 soil structural issues could arise, and more so in fine grained
soils (WateReuse Foundation, 2007). Plants each have a different tolerance to the
SAR of irrigation water (Table 2-3).

Table 2-3. Plant tolerance to the sodium absorption ratio (ANZECC, 2000).

SAR of irrigation
Tolerance Crop
water

Fruits, nuts, citrus,

Very sensitive 2-8
avocado
Sensitive 8-18 Beans
Moderately tolerant 18-46 Clover, oats, rice
Wheat, barley, tomatoes,
Tolerant 46-102 beets, tall wheat grass,

crested grass

2.5.3 Exchangeable sodium percentage (ESP)

The exchangeable sodium percentage (ESP) is a measure of the amount of sodium
present in solution and its effects on soil structure (Cameron et al., 2003). The ESP

calculation is as follows (Cameron et al., 2003):

ESP = 100 x exchangeable Na* (cmolckg™)
CEC (cmolckg™)

Land irrigation of effluent from dairy factories poses a risk to soil structure as dairy
factory effluent often contains high amounts of sodium (Cameron et al., 2003).
Previous studies have shown that as the sodium ion concentration increases, the
hydraulic conductivity of the soil decreases (Cameron et al., 2003). The hydraulic
conductivity decreases because high amounts of sodium cause the soil aggregates
to swell and disperse (Cameron et al., 2003 & Warrence et al., 2003). Surface
crusting and low infiltration also results from increased sodium loading as the soil
hardens which further makes it hard for plants to establish and grow (Warrence et
al., 2003).

13
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Soil texture is an important aspect of ESP (Warrence et al., 2003). Soil that contains
many particles or are fined grained have a larger surface area exposed allowing
additional sodium ions to attach enhancing dispersion (Warrence et al., 2003). A
soil with a low ESP is considered non-sodic (<6%), however a very strongly sodic
soil has an ESP of >25% (terraGlIS, 2017).

2.5.4 Potassium adsorption ratio (PAR) and sodium potassium adsorption ratio
(SPAR)

The potassium adsorption ratio (PAR) allows one to calculate the amount of
potassium in relation to calcium and magnesium in soil (Sarah, 2004). As potassium
is a salt, it can cause an “ion-excess” in plants (Sonon et al., 2015). The “ion-excess”
is defined by Greenway & Munns (1980) as “a condition where high internal ion
concentrations reduce growth”. Salts can enter a plant’s transpiration stream and
damage plant cells reducing growth (Sonon et al., 2015). The “ion-excess” effect
can also cause leaf or tip burning or browning (Sonon et al., 2015). Many plants are
sensitive to high salinity when they are young. High salinity soils can be seen
diagnosed in the field by a white crust on the surface, leaf tip burn and water stress
(Table 2-4.) (Figure 2-15 & 2-16) (Waskom et al., 2010). Leaf tip burn is mostly
seen on young plants that are watered using foliar sprinkler systems (Waskom et
al., 2010).

Table 2-4. Symptoms of high salt in plants (Waskom et al., 2010).

Problem Potential symptoms

High pH Nutrient deficiencies manifesting as: stunted, yellow

plants. Dark green to purplish plants.

Saline Soil White crust on soil surface. Water stressed plants. Leaf

tip burn.
Saline irrigation water  Leaf burn. Poor growth. Moisture stress.
Sodic soll Poor drainage. Black powder residue on soil surface.

Saline-sodic soil Generally, same symptoms as saline soil.

14



Literature Review Chapter 2

Potassium availability is impacted by calcium and magnesium which means plants
can show a potassium deficiency even if there are high amounts of potassium
present in the soil (Storey, 2016). Studies have tested soil for SPAR (sodium
potassium adsorption ratio) which calculates the ratio sodium + potassium ions and
calcium + magnesium ions (Sarah, 2004). The SPAR calculation is as follows
(Sarah, 2004):

SPAR = (Na* + K*) 3

(Ca2+ + Mgz+)1/2 mmol-l

2.6 Potential Causes of Pasture Burning

2.6.1 Introduction

Pasture burning has many potential causes. The additional nutrients and changes in
soil pH can alter the soil’s ability to supply and retain nutrients (Jensen, 2010). If
lactose is present in the effluent, fermentation may occur creating lactic acid
(Bylund, 2015) that could contribute to pasture burning. External environmental
factors such as radiation, humidity, air temperature, rain and wind may also play a
role in pasture burning. Excess nutrients from the effluent or from fertilisation such
as nitrogen, sodium, chloride, boron, potassium, copper and phosphorus may also

contribute to pasture burning.

2.6.2  Effects of high and low pH on pasture

The pH is a measure of the concentration of hydrogen and hydroxyl ions in solution
(Perlman, 2016). White clover and ryegrass thrive at soil pHs between 6 and 7 (Hall,
1992 & Hall, 1993) and pH levels in water of 5.6 to 6.5 (Agricom Ltd., 2012). A
low pH effluent that is applied directly to the leaf can damage the epidermis layer
(Sant'Anna-Santos et al., 2006).

The availability of nutrients in the soil depends on the soil pH (Figure 2-2). Plants
require 6 macronutrients (nitrogen, phosphorus, potassium, calcium, sulfur and
magnesium) and 8 micronutrients (boron, chlorine, manganese, iron, zinc, copper,
molybdenum and nickel) (Njinga et al., 2013). Nutrients must be present in specific
forms to be available for plants (Truog, 1946). A soil pH between 6 to 7.5 is
preferable for nutrient availability and therefore plant growth.

15
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4.0 pH 45 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 pH 10

Very Very Very
Extreme | strong | Strong | Medium | Slight slight Moderate strong
acidity | acidity | acidity acidity acidity | acidity Slight alkalinity alkalinity Strong alkalinity | alkalinity

Phosphorus

ACIDITY ALKALINITY
H* ION CONCENTRATION OH™ ION CONCENTRATION

Boron

Copper and Zinc

Figure 2-2. pH vs. nutrient availability; the width of the boxes shows the
availability of nutrients at different pH’s (Potash Development Association,
2011 adapted from Truog, 1946).
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2.6.3 Lactic acid bacteria in milk

Milk can contain up to 38% lactose on a dry weight basis. There are bacteria present
in milk that can breakdown the lactose solution to produce lactic acid (C3HsO3)
(Table 2-5, Bylund, 2015). Lactose is a carbohydrate sugar that is only found in
milk. Lactic acid is known as 4-0-3-D-galactopyranosyl-D-glucopyranose. Lactose
Is classed as a disaccharide, which is a carbohydrate that contains two simple
sugars; D- glucose and D- galactose solution (Poplawski, 1997).

Table 2-5. Key lactic acid bacteria that create lactic acid which are found in the
dairy industry (Adapted from Bylund, 2015).

Species Optimal Ferments Ferments Ferments  Protein
temperautre  lactose lactose ciritc acid  splitting
(°C) solution to solution to to: enzymes
lactic acid other
(%) substances

Str thermophilus 40-45 0.7-0.8 - Yes
Lc lactis 25-30 0.5-0.7 - Yes
Ic cremoris 25-30 0.5-0.7 - Yes
Ic diacetylactis 25-30 0.3-0.6 - COg, Yes

volatiles,

diacetyl
Leuc cremoris 25 —-30 02-04 - COg, Yes

volatiles,

diacetyl
Lb acidophilus 37 0.6-0.9 - -
milk,
Lb casei 30 12-15 - Yes
Lb lactis 40 -45 12-15 - Yes
Lb helveticus 40 - 45 20-2.7 - Yes
Lb bulgaricus 40 - 45 15-20 - Yes
Bifidobacterium 37 04-0.9 Aseptic acid -

17
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Bacteria breakdown the lactose solution by separating the molecule into glucose

and galactose solution via intermediary reactions (Figure 2-3.) (Bylund, 2015).

O aCtase d?b‘ ©

Lactose Glucose Galactose

Bacterial enzymes

> Lactic acid

Glucose
Galactose

Figure 2-3. Breakdown of lactose solution via bacteria (Bylund, 2015).

The bacteria in milk can be divided into four groups: psychrophilic, psychrotrophic,
mesophilic and thermophilic. Psychrophilic bacteria grow at temperatures between
0°C and 15 °C. Psychrotrophic bacteria thrive in temperatures between 20 °C and
30°C. Mesophilic bacteria thrive at temperatures of 20 °C to 35°C with a maximum
of 50 °C. Lastly, thermophilic bacteria grow between 30 °C and 65 °C. As milk is
heated, the pH can change. The change in temperature also influences the bacteria
in milk. Most lactic acid producing bacteria are “anaerobic, catalase-negative, non-
motile and non-spore forming” (Panesar et al., 2007). Lactic acid bacteria can be
placed under these genus: “Lactobacillus (L.) (Figure 2-4.), Lactococcus (Lc.),
Leuconostoc (Ln.), Pediococcus (P.), and Streptococcus (S.) as well as the more
peripheral ~ Aerococcus,  Carnobacterium,  Enterococcus, = Oenococcus,

Teragenococcus, Vagococcus, and Weisella” (Panesar et al., 2007).

Figure 2-4. Lactococcus lactis bacteria under microscope (Wouters et al., 2001,
Muehler, 2009).

18
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When lactic acid is produced, the pH starts around pH 6.5 and drops to ~pH 4.5.
Lactic acid production occurs at an optimal temperature of 40-45°C. (Horath, n.d.).
Lactic acid has a “sour” taste and smell (Hudson, 2010). Lactic acid may be
lowering the pH of the effluent causing pasture burning (Edgecumbe Irrigation
team, pers comm, 2017). Lactic acid production occurs under anaerobic conditions

where sugar (lactose) and no oxygen is required (Horath, n.d.).
2.6.4 Lactic acid production using whey

Whey is produced at a dairy factory when milk fat and casein are separated from
the whole milk. Whey contains large amounts of lactose (46%), protein (8%), lipids,
minerals (12%) and salts (Panesar, 2007). Eighty five percent of dairy factory waste
is whey. There are two types of whey: sweet whey produced at about pH 6.5 and
acid whey produced at pH <5. Acid whey is produced as the pH must be lowered
to precipitate casein. The optimal pH for fermentation of whey is 5.5 to 6.5
(Panesar, 2007).

2.6.5 Temperature of effluent

Clover is vulnerable to extreme high and low temperatures (Rattray, 2005). If the
water temperature is too hot or too cold, oxygen and nutrient up-take are reduced
(Canna gardening USA, 2016). Cold water prevents the roots from absorbing the
oxygen fast enough reducing plant growth (Canna gardening USA, 2016). On the
other hand, hot water does not contain enough oxygen preventing optimal root
growth (Canna gardening USA, 2016). Canna gardening USA (2016) recommends
that the water temperature for watering plants should be between 16 °C and 22°C.
The soil temperature should be known before irrigation water is applied to ensure
the plants will not become stressed if the temperature of the irrigation water differs
greatly compared to the soil temperature. However, if the temperature of the
irrigation water is ~15.5°C or above, the yellowing of leaves of certain plant species
can occur causing the plant to die off (Bauder, n.d.). When irrigated with water at
21°C vyellowing of alfalfa occurred (Bauder, n.d.). The yellowing of the plant
continued for weeks even after the irrigation water was absorbed and drained by the
soil (Bauder, n.d.). In some cases, yellowing of alfalfa didn’t occur until two weeks

after irrigation where soil temperature reached a maximum of 32°C (Bauder, n.d.).
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2.6.6 Temperature of Soil

Castle et al., (2002 as cited by Rattray, 2005) recognised that white clover growth
is limited by soil temperature. Watson et al., (1996 as cited in Rattray, 2005) found
that in the Bay of Plenty, clover numbers declined when soil temperatures exceeded
30°C and moisture levels were low. Clover numbers declined because 30°C is the
upper limit for stolon survival (Rattray, 2005). An experiment carried out by Hunt
and Field (n.d.) on ryegrass growth under controlled environmental conditions
showed that when the ryegrass was subject to a soil temperature of 33°C the death
rate of leaves was ~25%. High soil temperatures could potentially be a cause of
pasture burning. In spring, when there is new clover growth, clover is vulnerable to
environmental stressors (Woodfield & Caradus, 1996). Clover tends to decline in
winter and it is susceptible to cooler temperatures where growth rate reduces
(Rattray, 2005).

2.6.7 Impacts of radiation and light intensity on pasture

Radiation from the sun enters the earth via electromagnetic waves. Electromagnetic
waves are split into three groups — UV-A, UV-B and UV-C rays (Stapleton, 1992;
Kovacs & Keresztes, 2002). UV-C are energetic and do not reach the ground
surface on Earth (Stapleton, 1992). UV-B radiation does reach ground level
(Stapleton, 1992). Plants respond to all three wavelengths; UV-A, UV-B and UV-
C (Stapleton, 1992). UV radiation damage to plants occurs to their DNA, protein
and lipids (Stapleton, 1992; Gaberscik et al, 2013). When gamma-rays hit a plant
leaf it can interact with the water present in the cells releasing radicals (Kovacs &
Keresztes, 2002). Radicals are uncharged molecules that are highly reactive but are
short lived (Kovacs & Keresztes, 2002). Free radicals can damage plant cells
(Kovacs & Keresztes, 2002).

Clover is potentially vulnerable to solar radiation (Plants in Action, 2001 & Rattray,
2005). Hofmann et al., (2001) found that plant growth and the epidermis (outer
protective layer of a plant) decreased as a result of UV-B making the clover more
susceptible to environmental stressors. If the outer epidermis of the plant is
damaged or small in size, external stressors could damage the plant (Hofmann et
al., 2001). Stapleton (1992) reported that UV-C radiation causes mutations in plant
DNA.
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Although plants may become damaged due to high radiation exposure, the plant’s
ability to regenerate healthy cells to repair radiation damage is high (Jenkins, 2009).
It has been suggested that water droplets on the leaf surface could act as a lens,
intensifying the light, and burning the leaf (Egri et al., 2010). Egri et al., (2010)
carried out experiments to test whether water droplets can damage plant leaves.
Results showed no burning (Egri et al., 2010). No burning was attributed to the fact
that the focal region of the water droplet was below the leaf — for burning to occur
the focal region of the water droplet would have had to have been within the leaf
(Egri et al., 2010). The water droplet also cooled the leaf meaning the heat needed
to burn the leaf was absorbed by the water (Egri et al., 2010). Overall, the
experiment carried out by Egri et al., (2010) demonstrated that the potential for
burnt leaves from water droplets on smooth leaves is low. Burning from sunlight

will only occur if the focal region sits on the leaf surface (Egri et al., 2010).

2.6.8 Effects of nitrogen on pasture

Nitrogen is a required nutrient by plants for all growth processes. Nitrogen is
absorbed by plants in the form of nitrate and ammonium. Nitrogen is involved in
creating amino acids and chlorophyll (Broome, n.d.). If there is a nitrogen
deficiency, older leaves will yellow and the plant will have stunted growth
(Broome, n.d.). The plant may also go pale in colour due to a lack of chlorophyll

production (Broome, n.d.).

2.6.9 Effects of sodium on pasture

When sodium chloride and sodium hypochlorite are added to soils via effluent
irrigation there can be an increase in the sodium concentration in the soil (Warrence
et al., 2003). The amount of sodium that accumulates depends on the soil type, its
drainage ability, and other minerals present in the soil (Warrence et al., 2003).
Sodium can cause a soil to lose its structure which can affect drainage and plant
growth (Dyer, 2015). Reduced drainage can cause ponding of irrigation water and
therefore flooding of pasture, reducing pasture growth. As sodium is a “monovalent
cation” (Dyer, 2015) it competes for cation exchange sites in the soil where it

attaches to sites that calcium and magnesium would normally attach to.
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When the cation exchange sites are used by sodium the structure of the soil is lost
(Dyer, 2015). The loss of soil structure reduces soil permeability and can create a
surface crust reducing hydraulic conductivity (Warrence et al., 2003). A surface
crust forms when the irrigation water evaporates and the salt is left behind. In plants,
sodium contributes to the osmotic pressure and water balance (Edmeades &
O'Connor, 2003). If there is too much sodium in the water around the plant, the
osmotic pressure drops and water in the plant flows back into the soil, dehydrating
the plant, and potentially causing death of plant leaves (Queensland Government,
2015). An effluent with an electrical conductivity >5.00 is very salty (Table 2-6.)
(Prince, 2016.).

Table 2-6. Salinity limits of water (Prince, 2016.).

EC Approximate total

(mS/cm, dS/m or (mESS:m) soluble salts Status
mmhos/cm) (mg/L or ppm)

0-0.80 0-80 0-440 Low salinity
0.80-2.50 80-250 440-1375 Moderately salty
2.50-5.00 250-500 1375-2750 Salty

>5.00 >500 >2750 Very salty

In terms of clover and ryegrass salt tolerance, Agriculture Victoria (2015)
determined that the salinity of the irrigation water must reach 1.5 - 3.00 dS/m to

cause salt damage to ryegrass and 0.75 — 1.5 dS/m to damage clover (Table 2-7.).

Table 2-7. Tolerance of different plants to salt (Agriculture Victoria, 2015.).

Salinity of

LT Plants that will be damaged
irrigation water

0to 0.75dS/m  Will cause damage to clovers: white, red,cluster, suckling, subterranean

0.75t0 1.5dS/m  Will cause damage to: Balansa clover, persian clover, strawberry clover,
Berseem clover, lucerne

1.5t0 3.00 dS/m  Will cause damage to: sorghum, tall fescue, phalaris, perennial ryegrass,
cocksfoot, Wimmera ryegrass, crested wheatgrass, barley (hay), wheat, reed
canary grass, paspalum.

3.00t0 5.00 Will cause damage to: Tall wheatgrass, puccinellia, bermuda grass, barley
dS/m (grain), saltwater couch, salt bush
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2.6.10 Effects of potassium on pasture

Potassium is an important nutrient for plants as it maintains the amount of water in
the plant (Van Brunt, 1998). Turgor pressure in a plant is created via o0smosis where
water moves into an area creating high pressure or moves out of an area causing
low turgor pressure (Pritchard, 2001). High levels of potassium is required to
increase the tugor pressure and accumulate water around the stomata causing the
stomata to swell and open (Van Brunt, 1998). The osmotic pressure can draw water
into the roots and potentially excess nutrients which the plant cannot tolerate (Van
Brunt, 1998). If there is not enough potassium in the guard cells to accumulate water
and open the stomata, the stomata close slowly allowing water to leave the plant
causing water stress (Van Brunt, 1998). Leaf scorch or chlorosis (yellowing of the
leaf due to loss of chlorophyll) occurs due to a build up of potassium which affects
older leaves first and occurs to the tips and on the margins of the leaves (Van Brunt,

1998). Potassium deficiency causes chlorosis in younger leaves.

2.6.11 Effects of phosphorus on pasture

Phosphorus is a key nutrient in plant growth (Njinga et al., 2013). If a plant becomes
deficient in phosphorus, it will exhibit stunted growth and cause the plant to turn
dark green or purple (Broome, n.d.). Excess phosphorous may reduce the uptake of
important nutrients such as iron, manganese, zinc and copper (Malvi, 2011.).

2.6.12 Effects of chloride on pasture

Chloride (CI") is a vital plant nutrient (Smart-fertilizer, 2016). Chloride is taken up
by plants in the form of CI" ions. CI" ions are negatively charged and do not usually
attach to the soil making CI" ion easy to take up by plants (Ayers & Westcot, 1994;
Smart-fertilizer, 2016). The direct absorption of chloride via the leaf does more

damage to the plant than absorption through the roots (Prince, 2016.).

Many plants which are able to uptake ions through the roots cannot tolerate with
the direct absorption of large amounts of ions through the leaf (Prince, 2016.). If a
plant is sensitive to salts, it does not have well developed salt-compartmentation
mechanisms that enable the controlled uptake of ions (Lauchi, 1984). Too much
salt causes osmaotic stress due to ion toxicity and can damage enzymes preventing

the plant from functioning (Lauchi & Epstein, 1984).
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Chloride is only needed in small amounts, if too much chloride is present toxicity
and damage to the plant can occur as it builds up in their leaves (Table 2-8, Smart-
fertilizer, 2016).

Table 2-8. Chloride limits for crops from irrigation water (Smart-fertilizer,
2016).

Chloride classification of irrigation water

Chloride (ppm) Effect on crops
Below 70 Generally safe for all plants
70-140 Sensitive plants show injury
141-350 Moderately tolerant plant show injury
Above 350 Can cause severe problems

In terms of clover and ryegrass chloride tolerance, Spectrum Analytic Inc (n.d.)
determined that the maximum amount of chloride present in the soil without
damaging the plant is 525 g/m? for clover and 1925 g/m?® for ryegrass. A chloride
soil concentration above 525 g/m? for clover and 1925 g/m?® for ryegrass will cause
damage however, the severity of the damage is dependent on the climate, soil and
irrigation practices (Spectrum Analytic Inc, n.d.). Prince (2016) states that plants
that are moderately affected by chloride and sodium can withstand a solution that
contains chloride levels of 187-355 mg/L and sodium levels of 114-229 mg/L.
Although, Prince (2016) doesn’t specifically state the toxic levels of chloride and
sodium for white clover, Rogers et al., (1997) reported that white clover has a
similar tolerance to chloride as grape which is reported by Prince (2016). The
effluent chloride levels stated by Prince (2016) is far lower than the soil chloride
levels reported by Spectrum Analytic Inc (n.d.) as the direct absorption of ions into

the leaf is more toxic than absorption via the roots.

Toxicities can occur over one irrigation season or after many irrigation seasons
(Ayers & Westcot, 1994). Chloride accumulation in plant leaves can cause leaf burn
and necrosis (Smart-fertilizer, 2016). If a plant suffers from chloride toxicity,
necrosis occurs and the leaf tips will be first to die back (Ayers & Westcot, 1994).
The toxicity then spreads through the whole leaf killing plant tissue (Ayers &
Westcot, 1994). A concentration of 0.3-0.1 % of chloride in plant leaves causes the
death of plant cells (Ayers & Westcot, 1994).
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To test for chloride toxicity a chemical analysis of the plant tissue is needed (Ayers
& Westcot, 1994). Chloride toxicity is common in plants that are watered via
irrigation (Ayers & Westcot, 1994). When plants are irrigated from above the
chloride sits on the leaf surface (smart-fertilizer, 2016). The ions are absorbed into
the leaves in periods of high temperatures, low humidity, and windy conditions
(Ayers & Westcot, 1994). The severity of damage to the plant depends on the length
of time it has been exposed to the chloride ions, the concentration of ions, and the
crop’s sensitivity to Cl™ ions. (Ayers & Westcot, 1994).

2.6.13 Effect of copper Sulphate on effluent and pasture

Copper sulphate pentahydrate (CuSO4-5H20) is a solid crystalline sulphate salt of
copper that is light blue in colour (National Center for Biotechnology Information,
2016). Copper sulphate can be added to dairy factory effluent to remove bacteria
and prevent lactic acid production (Bram Beuger, pers comm, 2016). Copper
sulphate can be produced by reacting copper with sulfuric acid (Royal Society of
Chemistry, 2016). Copper has antimicrobial properties that can inhibit the growth
of pathogens and bacteria (Russell, 2005). Copper’s antimicrobial properties were
first discovered as early as 1761 although its full potential wasn’t known until about
1807 (Russell, 2005). Isaac-Benedict Prevost demonstrated that a fungus could be
inhibited by copper in 1807 (Russell, 2005). In the 20" century, copper, sulphur and
lime were widely accepted as best practice to reduce fungi (Russell, 2005). In the
1800’s copper sulphate was used as a foliar spray to remove fungi and bacteria from
crops (Russell, 2005). The copper sulphate worked well in removing the bacteria
and fungi except that it had phytotoxic effects on the plants (Russell, 2005).

To prevent adverse effects lime was added to the mixture and in 1885, the mixture
of copper and lime was found to be the best controller of fungi and bacteria (Russell,
2005). Copper ions can be absorbed into the plant leaves which can kill off plant
cells as copper is not selective in the cells that it inhibits (Rosenberger, 2012). Due
to copper’s non-selective nature, ensuring the correct amount of copper is applied

to the leaves of a plant is essential in preventing leaf damage (Rosenberger, 2012).
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If copper builds up on a leaf surface and dries, it can be slowly released again each
time the leaf becomes wet causing phytotoxicity (Rosenberger, 2012). If copper
sulphate dries slowly on the leaves and the droplets are allowed to sit on the leaves,
damage to the leaves will be higher compared to if the leaves dried fast
(Rosenberger, 2012).

Copper is thought to split the outer membrane of the bacteria causing it to rupture
killing the bacteria (International Copper Association, 2015). For copper to work
efficiently as an antimicrobial substance, conditions such as temperature, humidity,
concentration and chemical form must be considered (Vincent et al., 2016). Copper
was found to be most effective at temperatures of 37°C and 100% humidity
(Vincent et al., 2016). If copper is applied in wet conditions, it can take hours for
the bacteria to be killed off (Vincent et al., 2016). Under dry conditions it only takes
minutes (Vincent et al., 2016). Vincent et al., (2016) suggested that copper
concentrations 55% and above work best to remove bacteria. For a fertiliser
application, to avoid toxicity copper sulphate should be diluted to 0.75kg/ha in 200
litres of water (Ravensdown, n.d). The ANZECC guidelines determined that if
effluent was applied over 20 years, there should be 5 mg/L of copper present in the
effluent to prevent the buildup of copper in the soil and prevent copper toxicity in
crops (ANZECC, 2000).

2.6.14 Other key nutrients and their effects on pasture

Plants require other key nutrients such as calcium, magnesium, iron, zinc, copper
and manganese (Njinga et al., 2013). If a plant is calcium deficient, the shoots and
tips are affected first. Magnesium and zinc deficiency is shown via chlorosis and
first appears in older leaves (Reckitt Benckiser, n.d.). Copper, manganese, and iron

deficiencies appear in younger leaves (Reckitt Benckiser, n.d.).
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2.6.15 Effects of fertiliser on pasture

Foliar fertilisation is used in many industries to ensure crops are receiving nutrients
that may not be available through the soil (Fallahi & Eichert, 2013). Foliar fertilisers
are up taken through the leaf via the stomata and cuticle (Hadrami, 2011; Fallahi &
Eichert, 2013). Stomata are found on the surface of the leaf (Haworth et al., 2011).
Stomata open and close as the tugor changes in the guard cells which surround the
stomata (Haworth et al., 2011). The process of opening and closing of the guard
cells is driven by ion exchange (K*) and regulators such as abscisic acid,
jasmonates, auxins and cytokinins (Daszkowska-Golec & Szarejko, 2013). The
guard cells close when the ions flow out of the plant (Daszkowska-Golec &
Szarejko, 2013). The process of opening and closing enables the intake of CO> for
photosynthesis, controls the loss of water during transpiration and more importantly
allows for nutrient uptake (Daszkowska-Golec & Szarejko, 2013; Haworth et al.,
2011). Fallahi & Eichert (2013) state that the stomata and the cuticle move together
providing a pathway for nutrient absorption but this depends on the foliar fertiliser
applied.

When nutrients are absorbed via foliar fertilisation, there are “no active processes
involved” in the type of nutrient or amount of nutrient absorbed (Fallahi & Eichert,
2013). Therefore, any nutrient or substance present on the leaf will be absorbed as
long as it is in the correct form and conditions are right (Fallahi & Eichert, 2013).
This is unlike the absorption of nutrients through the roots where processes occur
to manage the nutrients taken up by the plant from the soil (Fallahi & Eichert, 2013).
With adsorption through the leaf, if the nutrient is “incompatible with the plants
metabolism leaf scorch occurs” (Fallahi & Eichert, 2013). Fallahi & Eichert (2013)
then state that the main challenge in the application of foliar fertilisers is applying
the correct amount of fertiliser to avoid leaf scorch.

Phytotoxicity is another form of “pasture burning” (Penn State College of
Agricultural Sciences, 2017). Determining if it is phytotoxicity may be difficult as
“soil pH, salt injury or fertiliser burn are possible factors that can mimic
phytotoxicity” (Cowgill et al., 2013). Impacts of burning can occur without
knowledge the problem in its early stages (Cowgill et al., 2013).
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After the application of a fertiliser, a uniform pattern may emerge which is a key
feature in determining phytotoxicity (Cowgill et al., 2013). Burning due to
fertilisers usually develops within days of application (Cowgill et al., 2013).
Burning can occur if the substance is applied directly to the plant during harsh
environmental conditions, the substance drifts via wind or runoff occurs which may
apply the substance to sensitive plants or the constant accumulation in the soil or in
the plant (Penn State College of Agricultural Sciences, 2017). To prevent drift
spraying should be done on days with low wind (Spark, 2017). Phytotoxic injury
that occurs due to conditions at the time of application are most difficult to predict.
The application of a solution may have been previously safe to use on plant is now
injuring plants (Sparks, 2017). Intermitted injury generally occurs due to applying
solutions at a ‘“susceptible, stage of growth, plant stress level, or weather

conditions” (Sparks, 2017).

Fertiliser spray concentrations are not in equilibrium with the humidity of the
atmosphere and therefore the fertiliser will “evaporate until equilibrium is reached”
(Fallahi & Eichert, 2013). This equilibrium is defined as the “deliquescence relative
humidity” where the humidity must be high enough for the salt to absorb water from
the atmosphere— its hygroscopicity (Fallahi & Eichert, 2013).

If the relative humidity is lower than the deliquescence relative humidity, then the
solution will evaporate and salts will crystallize on the leaf. If the humidity is higher
than the deliquescence relative humidity then salt crystals will absorb water,
dissolve and stay in solution (Fallahi & Eichert, 2013).
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Each fertiliser has a specific deliquescence point (Table 2-9.) (Hadrami, 2011). The
deliquescence point is described as the point where a leaf will uptake nutrients and
is dependent on relative humidity and temperature (Hadrami, 2011). If the relative
humidity is higher than the deliquescence point the fertiliser will dissolve and
become mobile ready for uptake via the leaf (Hadrami, 2011).

Table 2-9. The atmospheric relative humidity deliquescence point of fertilizers
(Hadrami, 2011).

Fertiliser Deliquescence Point (%0)
CaCl 31
Ca(NOs), 54
Ca(HCOO0)2 96
KCI 85
KNOs3 93
K2SOq4 98
MgCl, 33
Mg(NO3): 54
MgSOq 90
ZnBr» 9
Zn(NOs) 42
ZnS0Oq4 90

Sprinkler application of fertilisers during hot sunny days will allow the fertiliser to
evaporate on the leaf, concentrate, and crystallise, especially salts (Hadrami, 2011).
As the absorption or loss of water is dependent on relative humidity and
temperature, the fertiliser will constantly cycle between mobile and immobile or

dissolved and crystal forms on the leaf surface (Hadrami, 2011).

Early morning or late evening temperatures and humidity can induce the formation
of dew on the pasture which will re-dissolve the crystalline fertiliser allowing it to

be ready for foliar absorption (Hadrami, 2011).
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The dew will dilute the fertiliser, raising humidity making moisture available for
absorption (Hadrami, 2011). Chloride fertilisers with high amounts of CI- present
will be absorbed into the leaf at high amounts. Therefore, Cl- ions “burn more than
nitrates and nitrates burn more than sulphates” (Hadrami, 2011). Chloride
fertilisers may include potassium chloride (KCL), calcium chloride (CaCly),

ammonium chloride (NH4Cl), and magnesium chloride (MgClI?).

2.7 Osmotic potential and osmolality

All solutions containing dissolved solutes and molecules are considered to have an
osmotic potential (Kowles, 2010). Osmotic potential is determined by the solute
concentration in a solution (Kowles, 2010) and can be measured in terms of
osmolality. The pressure potential (or turgor) in a plant cell is a measure of the
hydrostatic pressure within the cell. The water potential of the cell or the solution
surrounding it is defined as the sum of the osmotic and pressure potentials. The
difference between the water potential inside and outside the cell will induce
0osmosis causing water to move across a semi permeable membrane until water
potential equilibrium is reached on both sides of the membrane (Kramer and Boyer,
1995, Kowles, 2010). The osmotic potential of a plant cell is generally more
negative than the water potential of the solution around it, causing the cell to absorb
water and develop turgor (Nabors, 1973). If the soil has less solutes compared to
the plant cell, the plant will uptake water and ions from the soil. However, if the
soil contains a higher amount of solutes compared to the plant cells, the water will
move out of the plant cells causing a dehydration affect (Nabors, 1973, Kowles,
2010). Solute concentration can increase in plant cells within a few hours (Kramer
and Boyer, 1995). Cell dehydration is based at the cell level and occurs based on
how easily water can move across the plasmalemma (Kramer and Boyer, 1995).
The amount of solutes that enter a cell are based on metabolic activity and not
passive movements (Kramer and Boyer, 1995). An increase or decrease in the
amount of solutes present in a cell is referred to as osmotic adjustment and occurs
in many plants when they are exposed to high salinities and dry soils (Kramer and
Boyer, 1995).

Once the water leaves the plant cells via dehydration, solutes are left behind thus
the concentration of solutes increases in the cells (Kramer and Boyer, 1995). The
loss of water alters the cell structure and the cell may lose turgor, causing wilting

and plasmolysis (Kramer and Boyer, 1995).
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Some plant species are able to tolerate wilting and plasmolysis, however, other
species cannot, leading to the permanent desiccation of the leaves or the plant
(Kramer and Boyer, 1995). The rate of dehydration due to changes in the osmotic
potential and pressure potential depend on the properties of the plasmalemma
(Kramer and Boyer, 1995). Plants react differently to an increase in certain ions
such as K*, Ca?*, Mg?" and CI, which are no easily metabolized thus concentrate in
the cell via dehydration (Kramer and Boyer, 1995). High levels of certain ions will
disrupt enzyme activity in the plant cells (Kramer and Boyer, 1995) preventing
plants from completing important processes for survival such as the opening of the
stomata (Madhusudana et al., 1982). High concentrations of NaCl will inhibit
enzymes (Kramer and Boyer, 1995). Kowles (2010) reports that farmers may often
use too much fertiliser causing a dehydration effect. The solute concentration
becomes higher in the soil compared to the plant cells due to the excess fertiliser
which may cause burning as water is lost from the cells and solutes are concentrated

in the cells.

2.8 Solutions to pasture burning

Ayers & Westcot (1994) concluded that irrigating at night is effective in reducing
toxicities, in particular sodium and chloride. At night temperature and wind speed
decrease and humidity increases, reducing evaporation of water and therefore
reducing the concentration of ions on the leaf surface (Ayers & Westcot, 1994).
Avoiding periods of hot dry wind will reduce ion build up on leaves, especially
when overhead sprinkler systems are used for irrigation (Ayers & Westcot, 1994).
If irrigators move, they should move downwind so that sodium that is dried on the
leaves are removed via wind and the sodium is not spread to pasture that has already
been irrigated (Ayers & Westcot, 1994). Increasing the droplet size will enable the
leaves to stay wet for longer between irrigation cycles reducing drying out of leaves
and absorption (Ayers & Westcot, 1994). Leaching the soil by flushing it out with
large quantities of water will remove the chloride build up in the root zone, reducing
toxicity, but in turn may prevent drainage of the soil and aeration (Ayers & Westcot,
1994). Overhead irrigation may enhance toxicity in plants where the ions are
directly absorbed by leaves, unlike surface irrigation methods (Ayers & Westcot,
1994).
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Rotating sprinkler head systems may allow water to evaporate between each
rotation, allowing ions to concentrate on the leaves. Ayers & Westcot (1994)
suggest increasing the number of revolutions of a rotating sprinkler head to more

than 1 revolution per minute to prevent alternating wet and dry conditions.

2.9 Best practice for irrigation of pasture

When irrigating pasture, ensuring the soil is not water logged is key to preventing
ponding (Agriculture Victoria, 2015). Irrigation should only occur for 4-6 hours per
event and each paddock should have sufficient drainage to prevent water from
standing for longer than 18 hours (Agriculture Victoria, 2015). In New Zealand it
is usually considered that effluent irrigation should be at low enough rates to avoid
any surface ponding or soil saturation. Fonterra Edgecumbe’s resource consent
states that a paddock cannot be irrigated again for 14 days after the initial irrigation
event to help prevent soil saturation (Sheri Crompton, pers comm, 2016.).
Applying irrigation to ryegrass pasture below a soil temperature of 6°C will be

inefficient as ryegrass growth slows below 6°C (Agriculture Victoria, 2015).

The time of day irrigation occurs is important. For effective foliar absorption of
nutrients, the leaf’s stomata should be open (Burkhardt et al., 1999 as cited by
Fageria et al., 2008). Foliar fertilisation should occur later in the day to ensure the
leaf is cold and turgid (Fageria et al., 2008). This will also help prevent leaf burn.
Leaf burn has been found to occur when irrigation occurred in the early morning
(Woolfolk et al., 2002 as cited by Fageria et al., 2008). To prevent pasture burning,
Fageria et al., (2008) suggest that macronutrient concentrations should be less than
2% in solution. Fageriaetal., (2008) also states that older plants are less susceptible

to high salt concentration damage than young plants.
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2.10 Summary of previous investigation into pasture burning at

Fonterra Edgecumbe

2.10.1 Investigation of causes of pasture burning by dairy factory effluent

In 2005, J.R Crush, S.N Nichols and M.B O’Connor carried out two experiments
to determine potential causes of pasture burning at Fonterra Edgecumbe. They

tested four hypotheses:

1) “Osmotic dehydration of plant tissues caused by covering the foliage
in effluent with a higher osmotic potential than the plant cell sap.”

2) “Applying effluent where the pH exceeds either the upper or lower
limit for maintaining the integrity of the plant epidermis. Damage to
the plant epidermis would allow desiccation of underlying tissues.”

3) “Applying effluent at a temperature that is sufficiently elevated to
damage plant enzyme systems.”

4) “Applying effluent under bright sunny conditions which would

exacerbate the first three factors.”

The first experiment consisted of growing a ryegrass clover mixture in pots (samson
ryegrass mixed with Kopu Il clover) until the plants were ~4.5 months old. A
“mixed sward” was also grown which was collected from Alan Barr’s farm. To
simulate grazing, all plants were trimmed and left to grow for 30 days before

treatments were applied.
In the first experiment 4 variables were tested:

1) An upper pH of 9 and lower pH of 4.

2) Effluent temperature of 23°C and 45°C.

3) “Half the pots were shaded to simulate an overcast day.”
4) “Two sodium concentrations”: 1500 ppm and 750 ppm.
5) “Two potassium concentrations”: 1700ppm and 850 ppm.

6) Plants washed down after treatment or left to dry naturally.
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The level of burning was based on “visual estimates” on a scale of 1 — 5 where 1
was no burning and 5 was plant desiccation. The level of pasture burning was
assessed three times in 14 days following treatment application.

Burning was recorded on the pots that contained “sown ryegrass/clover mixture”
and those that were in full sun compared to half sun. Individual pH, effluent
temperature, sodium and potassium treatment caused no significant burning.
However, combinations of “high sodium/no washdown” treatments caused severe
burning of plants in pots filled with sown ryegrass/clover, the only “statistically

significant interaction”.

In a second more detailed experiment pots with Samson ryegrass were treated with
“6 rates of potassium and sodium (1000, 2000, 4000, 8000, 16000, 32000 ppm).”
Each treatment was sprayed in water onto the leaves and each treatment was
repeated twice at a rate equivalent to 10mm irrigation. Whey was also applied in
concentrations of 5, 10, 20, 40, 80 and 160g/l. None of the treatments had adverse

effects on the ryegrass.

As part of the second experiment, pots filled with ryegrass/white clover were also
treated but with effluent pH’s of 1.9, 3.2, 5.8, 7.8, 10.1 and 12.0. All pots used in
the second experiment were placed in full sunlight in a glasshouse for two weeks.
Results showed that only pH 1.9 had an effect on the clover leaves (Figure 2-5).
Again, ryegrass was not affected suggesting it is a hardy grass that has a high level
of tolerance. White clover however, seemed to be more susceptible to high sodium

and low pH.

2\
Figure 2-5. Damage to white clover leaves due to pH of 1.9 (Crush et al., 2005).
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Hypotheses two (“Applying effluent where the pH exceeds either the upper or lower

limit for maintaining the integrity of the plant epidermis.

Damage to the plant epidermis would allow desiccation of underlying tissues.”) and
four (“Applying effluent under bright sunny conditions which would exacerbate the
first three factors.”) could be accepted. The recommendations that came from Crush
et al., (2005) included reducing high light intensity, avoid irrigating new pasture,
do not irrigate effluent with a pH below 2 and samples of the effluent should be

collected and frozen for future analysis if needed.

2.10.2 Pasture burning trial — lactic acid

Fonterra undertook a small trial in February of 2016 to determine if lactic acid had
an effect on pasture (Bram Beuger, pers comm, 2016.). Lactic acid is found in the
effluent due to bacteria converting lactose solution to lactic acid. Copper sulphate
has been added to the effluent to inhibit bacterial growth and thus the formation of

lactic acid.

Ten 0.25 m? plots were mapped out with 0.25 m? gaps between each plot. Each plot
received 2 L of effluent which replicated 8mm of irrigation. Each plot was treated
with a different concentration of lactic acid (Table 2-10). One liter from each

solution was removed and stored in a lab bottle in a fridge for future analysis.

Table 2-10. Lactic acid concentration for experiment (Bram Beuger, pers
comm, 2016.).

Sample Effluent Diluted Lacticacid Total Lactic acid concentration

litres (ml) litres (g/L)
1 3 0 3 0.00
2 3 5 3.005 0.07
3 3 10 3.01 0.15
4 3 15 3.015 0.22
5 3 20 3.02 0.29
6 3 25 3.025 0.36
7 3 40 3.04 0.58
8 3 60 3.06 0.86
9 3 80 3.08 1.14
10 3 330 3.33 4.36

Results of this experiment concluded that lactic acid may be a potential cause of

pasture burning,
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2.11 Summary and Conclusion

Pasture burning may also be referred to as “leaf scorch”, “leaf burn”, “leaf wilt”,

“sun scorch” or in some cases “phytotoxicity”. Relating field observations to

researched theories on leaf burn was important but there has been minimal direct

research related to burning of pasture from dairy factory effluent. The following

conclusions can be made from the research summarised in my literature review:

It is possible that direct contact of such a high or low pH solution on the leaf
surface could damage the plant cells creating dark brown spots. Lactic acid
production via fermentation of effluent could lower the pH and thus cause
damage to plant leaves. However, the work undertaken by Fonterra did not
show evidence of burning due to lactic acid. Crush et al., (2005) observed
that burning only occurred when the pH was <1.9, a level considered
unlikely to occur even with lactic acid production.

High temperature effluent, if applied to the soil, may alter the temperature
of the soil temporarily reducing oxygen and nutrient up-take. Knowing the
temperature of the soil before irrigation is applied is important. Applying
hot effluent to cold soil may shock the plant. The effluent temperature
should ideally be between 16 °C and 22°C to prevent potential burning.
The osmotic potential is a direct measurement of the total amount of solutes
in a solution. If the osmotic potential of the solution is more negative than
the water potential of the plant water will be lost from the plant cells. High
temperatures may enhance dehydration by concentrating the external salt
solution and increasing plant water loss by transpiration. The loss of water
and the concentration of ions inside and outside the plant cells can cause
burning of the leaves.

Plants respond to UV-A, UV-B and UV-C radiation. Intense UV radiation
can reduce the integrity of the epidermis causing the plant to become more
susceptible to environmental stressors. If the epidermis is damaged, effluent
addition more easily cause leaf burn. As plants have evolved to utilize UV
radiation and therefore heal from UV damage, the likelihood of UV

radiation causing pasture burning is low.
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e The magnification of water droplets from the sun sitting on leaf of a plant
has shown to be unlikely because the focal point will sit beneath the leaf
surface.

e Nutrients are vital to plant growth. Ensuring the soil contains the key macro
and micronutrients is important. If high amounts of nutrients are applied to
the soil, via fertilisation, pasture burn may occur. Nitrogen and phosphorus
deficiencies are similar in that yellowing of older leaves occurs as well as
stunted growth.

e Sodium build-up in leaves is toxic causing die-back of the oldest leaves first.
Boron toxicity is like sodium in that the older leaves yellow and the edges
of the leaves dry out. Chloride also builds-up in plant leaves which is
common in plants that are irrigated by foliar irrigation. Chloride toxicity can
cause leaf burn and die-back of the leaf tips.

e Excess sodium can reduce soil structure, thus slowing soil drainage and leading to
ponding of irrigation water. Loss of soil structure reduces soil permeability
and may cause a crust to form on the surface. The crust may be formed from
salt or as a result of degradation of soil structure.

e Potassium is required to maintain water in a plant. Potassium ions are
involved in regulation of cell osmotic and membrane potentials. Excess
application of potassium may cause imbalances in nutrient transport that
lead to nutrient toxicity and burning. The application of fertiliser onto
pasture adds soluble salts. Salts can “burn” plant leaves, turning leaves
yellow/brown and the veins darken eventually causing the leaves to die back
if applied in high concentrations. For example, CI- should not be applied in
concentrations above 350ppm. Fertilisers or nutrient rich effluent may
therefore be a contributing cause of pasture burning.

e Overhead irrigation may cause phytotoxicity or a build-up of ions in the leaf
due to direct absorption causing dieback of the leaf. Irrigating at night
reduces nutrient build-up as the humidity is high reducing transpiration and
therefore uptake of water and concentrated ions is less compared to day-
time.

e Hot dry windy conditions should be avoided as ions build-up on plant
leaves. Droplet size of the irrigated effluent should be large enough so the

leaves do not dry out between sprinkler cycles.
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Older plants are more tolerant of high salt concentrations than younger
plants.

Osmotic potential is an integrating measure of the combined effects that
may cause pasture burning. The osmotic potential will measure the amount
of solutes dissolved in a solution. If the amount of solutes in the soil or on
the leaf surface is higher than inside the plant cells, water will move out of
the plant causing the solute in the plant cells to concentrate. Dehydration
and the concentration of solute in plant cells can cause burning (Kowles,
2010).

When irrigating, the soil must not be water logged as ponding will occur.
Each paddock should also have sufficient drainage to prevent the water from

standing for more than 18 hours.
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Chapter 3

Fonterra Edgecumbe Dairy Factory

effluent production and properties

3.1 Introduction

Chapter Three describes the soils on the farms Fonterra Edgecumbe irrigates,
effluent sources and composition, both from Fonterra monitoring and from some
measurements undertaken in this study and the consents that control the effluent

irrigation process.

3.2 Soil and pasture

The Rangitikei Plains soils were mapped by Pullar (1985) (Appendix 6). Data for
the soils of the region are also included in S-map (Landcare Research, 2011-2015).
The soils under effluent irrigation on farms near the Edgecumbe dairy factory
include five Soil Orders, seven Soil Groups and nine Soil Subgoups. The 9
subgroups are; Acidic Orthic Gley Soil, Buried- pumice Tephric Recent Soil, Typic
perch-gley Pumice Soil, Acidic Recent Gley Soil, Acidic Humic Organic Soil,
Hummus-pan Pan Podzol, Immature Orthic Pumice Soil, Mottled Tephric Recent
Soil, and Mottle Acidic Fluvial Recent Soil. On many of the farms, the soil drainage
is poor and there is a high-water table.
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The key plant species on the farms receiving effluent from the Edgecumbe dairy

factory are white clover and Lolium perenne ryegrass (Figure 3-1.).

Figure 3-1. White clover and Lolium perenne ryegrass found at experiment site.

3.3 Effluent Composition

Fonterra Edgecumbe produces low strength effluent, medium strength effluent, and
high strength effluent. The low strength effluent is made up of clean rinses, low
solids DAF effluent, and low strength effluent from floor drains and sumps (Petra
Feickert, pers comm, 2017.). The medium strength effluent contains casein wash
water, equipment water rinses and cleaning cycles, high solids dissolved air
flotation (DAF) clarifier effluent and effluent from floor drains and sumps (Petra
Feickert, pers comm, 2017.). The high strength effluent is made up of permeates,
whey derivatives, and product waste (Petra Feickert, pers comm, 2017.). The
effluent this project is concerned with is the high strength effluent of which ~500
to 1000m? of high strength effluent is sent to Awaroa daily. ~1000 to 1600m?® of
medium strength effluent and ~500 to 700m?® of high strength waste water are sent
to Omehue daily. With ~4 to 7000 m? of low strength effluent is discharged directly
to the Rangitikei river daily. Fonterra Edgecumbe’s high strength effluent contains
nutrients of potential fertiliser value (Table 3-1.). The effluent composition varies
from year to year (Tables 3-1, 3-2, 3-3, 3-4 and 3-5).
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The high strength effluent has a strong fermentation odour and is light yellow in
colour. The pH ranges from 4 to 10 depending on site processes. Many of the
minerals and ions originate from the milk but some ions are added from cleaning
products during milk processing. Each processing plant on site has an effluent
stream that contributes to the effluent (Figure 3-2; 3-3.). The effluent is then sent to
the Awaroa holding tanks (Figure 3-2; 3-3.). From the holding tanks, the effluent
travels through pipelines into paddocks and is irrigated (Bram Berger, pers comm,
2016).
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Figure 3-2. Key processing plants and effluent lines at Fonterra Edgecumbe.

= Effluent lines D = Key processing plants at Fonterra Edgecumbe
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Figure 3-3. Fonterra Edgecumbe effluent flow overview diagram.
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The mean Total Nitrogen (g/m?®), mean TKN (g/m®) and mean Nitrate-Nitrogen
(g/m?®) present in the high strength effluent has increased from season 15 (1%t August
2014 — 31 March 2015) to season 17 (1%t August 2016 — 31% March 2017, Table 3-
1). The mean Nitrite-Nitrogen (g/m® was high at the start of each season but
decreased as the season progressed. Nitrate-N + Nitrite-N (g/m®) overall, has

increased significantly from season 15 to season 17.

Table 3-1. Total Nitrogen (g/m?), TKN (g/m?), Nitrate — Nitrogen (NO3-N) (g/m?),
Nitrite — Nitrogen (NO2-N) (g/m?®) and Nitrate-N + Nitrite-N (g/mq) levels in the high
strength effluent from Fonterra Edgecumbe for season 15, 16 and 17; mean of 30 or
31 daily measurements for the months of March, August, November and January
(Orange = season 15; Pink = season 16; Green = season 17) (Sheri Crompton, pers
comm, 2017).

Nitrate — Nitrogen | Nitrite — Nitrogen (NO2-N) | Nitrate-N + Nitrite-N

Effluent | ) 5 R
i Total Nitrogen (g/m®) TKN (g/m®) (NOs-N) (g/m?) (@) (@)

Properties

Mean Min Max Mean Min  Max Mean Min Max Mean Min Max Mean Min Max
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Total Solids (g/m?), Total Volatile Solids (g/m®) and the Chemical Oxygen Demand
(g O2/m®) for seasons 15, 16 and 17 are discussed using data from key months
during the dairying season (Table 3-2.). Over seasons 15 to 17, the mean Total
Solids (g/m®) and mean Total Volatile Solids (g/m®) remained stable. However,
during the key processing months of November and January the mean Total Solids
(g/m® and mean Total Volatile Solids (g/m®) increased slightly. The mean
Chemical Oxygen Demand (g O2/m®) fluctuated slightly from season 15 to 17,

however remained relatively stable.
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Table 3-2. Total Solids (TS) (g/m?), Total Volatile Solids (g/m?) and Chemical Oxygen
Demand g O%m? levels in the high strength effluent from Fonterra Edgecumbe for
season 15, 16 and 17; mean of 30 or 31 daily measurements for the months of March,
August, November and January (Sheri Crompton, pers comm, 2017).

Effluent E
Properties

Total Volatile Solids Chemical Oxygen Demand g

. 3 _
Total Solids (TS) (g/m3) (g/md) Oafm?

Mean Min Max Mean Min Max Mean Min Max

1 Only one measurement was taken for the month thus values are the same.
% Only two measurements were taken for the month.
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The Magnesium (g/m®), Sodium (g/m®), Potassium (g/m®) and Calcium (g/m?) in
the effluent for seasons 15, 16 and 17 are discussed using data from key months
during the dairying season (Table 3-3.). The data for Magnesium (g/m?), Sodium
(9/m®), Potassium (g/m?) and Calcium (g/m®) was only tested for once a month thus
is not an accurate representation of the effluent. However, all ions measured peak
in November and January meaning the strength of the effluent increases during peak
processing and then decreases again towards the end of the season.

Table 3-3. Magnesium (g/m?), Sodium (g/m?), Potassium (g/m?®) and Calcium (g/m?)
in the high strength effluent composition from Fonterra Edgecumbe for season 15, 16,

and 17; mean of 30 or 31 daily measurements for the months of March, August,
November and January (Sheri Crompton, pers comm, 2017).

Effluent

Properties Magnesium (g/m?) Sodium (g/m3) Potassium (g/m?) Calcium (g/m®)

: Mean Min  Max Mean Min Max Mean Min Max Mean Min Max

1Only one measurement was taken for the month thus values are the same.
3 Only two measurements were taken for the month.
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Conductivity (mS/m), Chloride (g/m?), Lactic Acid (g/m®) and Total Phosphorus
(g/mq) in the effluent for seasons 15, 16 and 17 are discussed using data from key
months during the dairying season (Table 3-4.). As in table 3-3, the ion content of
the effluent increased during the peak processing months (November and January)
which is reflected in the conductivity measurements which increases in these
months also. The lactic acid measurements were undertaken as a trial during season
17 thus there is no data from season 15 or 16. The amount of lactic acid present
increased over season 17 reaching its peak in January with a mean of 1995.1 g/m®.
The amount of total phosphorus present in the effluent has increased from season
15 to season 17 reaching a maximum of 1170 g/m? in season 17.

Table 3-4. Conductivity (mS/m), Chloride (g/m?), Lactic Acid (g/m®) and Total
Phosphorus (g/m®) in the high strength effluent composition from Fonterra
Edgecumbe for season 15, 16, and 17; mean of 30 or 31 daily measurements for the

months of March, August, November and January (Sheri Crompton, pers comm,
2017).

Effluent
Properties

Conductivity (mS/m) Chloride (g/m®) Lactic Acid (g/m°%) Total Phosphorus (g/m?)

Mean Min Max Mean Min Max Mean Min Max Mean Min Max

15( _ 315t
August 746 273 1090 510* - - - - - 499 190 680
2014

15( _ 3ost
November 905.1 844 987 600" - - - - - 464 360 570
2014

15! _ 315!
January 928.1 863 1057 630" - - - - - 394.8 240 480
2015

. 9 380 3 0! 252 8 60
March 2015 795 1135 75 - - - - - 5 4 5
15! _ 315!

August 862 158.8 1133 620 570 670 - - - 465 56 760°

2015

15! . 305!
November 1088.6 8.6 1221 680" 680" 680" - - - 643 530 910
2015

15( _ 315(
January 1131.5 1006 1223 | 7283 240 880 - - - 573.5 430 750
2016

st_ qst
M]a.lrch :Z](-)l 6 1197 1026 1327 926 790 1080 - - - 588 360 800
15t — 318t
August 772 146.7 1047 479 125 690 1097 149 2400 700 470 1250
2016

18— 30¢
November ~ 11485 889 1990 6924 450 890 156314 910 2300 6103 380 860
2016

1st _ 315t
January 1051.2 816 1238 660 470 940 1995.1 1060 3900 640.6 450 1170
2017

1st _ 315t

L - - - - -
March 2017 1071 915 1210 760 488.6 350 750

1 Only one measurement was taken for the month thus values are the same.
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The pH, DRP (NO4-N) (g/m?), CBODs g O2/m?, tBODs (O2/m®)  and Ash
(g/m?3) is also measured in the effluent (Table 3-5). pH, DRP, CBODs and tBODs
are only measured once per month thus the results are not an accurate representation
of the effluent. The effluent has remained between a pH of 4.2 and 5.5 through
seasons 15 to 17 based on the monthly data presented. DRP has not increased
significantly over the three seasons but is slightly higher in season 17. CBODs data
shows no significant outliers between season 15 and season 17. The effluent
CBODs ranges between 3400 g Oz/m® and 15300 g O2/m3 which is a large
difference but over three seasons the CBODs does not move outside this range
according to the data provided. The tBODs in the effluent decreased overall in
season 16 and 17, again however the data provided is a monthly recording and does
not provide evidence for variance in the effluent. The amount of ash present in the
effluent was measured daily giving a more accurate picture of the amount present.
In season 15 ash levels present in the effluent peaked at the beginning of the season
and at the end of the season based on the maximum. In season 16 and 17 ash levels
peaked in November and January, however levels were very similar throughout the
whole season.

Table 3-5. pH, DRP (NO4-N) (g/m?), CBODs (g/m?), tBODs (g/m®) and Ash (g/m®) in
the high strength effluent composition from Fonterra Edgecumbe for season 15, 16,

and 17; mean of 30 or 31 daily measurements for the months of March, August,
November and January (Sheri Crompton, pers comm, 2017).

Effluent 3 3 3 3
Proportics pH DRP (NO,-N) (g/m?) CBOD; g OJ/m tBOD; (0/m?) Ash (g/m°)
Mean Min Max Mean Min Max Mean Min Max Mean Min Max Mean Min Max
AT
PR - g - - 410* - - 10300* - - 210! - - 6614 360 10500
2014
10t . ] ] 1
It SO 5 = - 340 - - 12800 - s 7200 s . 8037 7400 9200
sy
T=et 44 = - 390° - - 12200° - s 11200 s . 10174 7000 79000
January 2015
sy
Tl & oo - - 131° - - 7400 - - 400" - - 6532 2800 10100
2015
sy
R BT T - 310° - - 7150° - - 310° - - 8004 1010 11200
1%-30% 1 1 1 i
I A 5 - - 410 - - 11600 - - 8200 - - 10613 9300 11900
a_gye
= a7 - - 320 - - 15300 - - 7400 - - 10771 9100 16600
January 2016
g
&= T 50! - - 300 - - 3400 - - 300! - - 11213 116 12900
2016
e
PGS | g - - 210! - - 8400 - - 410! - = 7808 860" 10100
2016
1%-30% 1 1 1 i
o - - 400 - - 11100 - - 8800 - = 10689.6 8400 13200
g
= 5.3t - - 520" - - 8000 - - 51001 - = 105166 8700 13000
January 2017
1 — 31 March a a
ot 5 - - s - - s - - 9300 - = 9711 8400 11400

1 Only one measurement was taken for the month thus values are the same.
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3.3.1 Effluent pH, temperature and conductivity from the sampling shed, short

term variability and regular monitoring
3.3.1.1 _Introduction

Continuous monitoring of the pH, temperature and conductivity of the effluent in
the Awaroa and Awakeri effluent line was undertaken to determine the short-term

variability of the effluent being irrigated.

3.3.1.2 Methods

Electrical conductivity, temperature and pH data were collected from the Awaroa
effluent line on site at Edgecumbe Fonterra from the 6" to the 21% of December
2016. The data were collected to determine if there was much short-term variability
in the effluent. Three probes were used to collect the data; a HACH HQ40D multi
meter probe and two YSI Professional Plus (Pro Plus) Multiparameter Instruments
(Figure 3-3; 3-4).

The first YSI Professional Plus (Pro Plus) Multiparameter Instrument was supplied
by Fonterra Edgecumbe. The second YSI Professional Plus (Pro Plus)

Multiparameter Instrument was supplied by the Bay of Plenty Regional Council.

Figure 3-4. YSI Professional Plus (Pro  Figure 3-5. HACH HQ40D multi meter
Plus) Multiparameter Instrument probe (Bryant, 2015.).
(Fondriest Environmental, Inc (2017).
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The YSI Professional Plus (Pro Plus) Multiparameter Instruments were calibrated
following the calibration process described in the YSI Professional Plus User
Manual on pages 32 — 48.

The YSI probe setup and calibration process was;
1) Plug the pH and conductivity probe attachment into the bottom of the YSI
Professional Plus (Pro Plus) Multiparameter Instrument,
2) Select the Calibration button,
3) Highlight “pH” and press enter,
4) Place probe into pH buffer solution 4 and wait until calibration is complete,
5) Repeat step 4) using pH buffer solution 7 and then 10, and
6) Complete steps 2) to 5) again to calibrate the conductivity probe.

The HACH HQ40D multi meter probe was calibrated following the calibration
process described in the Conductivity Probe: DC40101, CDC40103, CDC40105,
CDC40110, CDC40115 or CDC40130 User Manual on page 3.

The HACH probe setup and calibration process was;
1) Plug the pH and conductivity probe attachments into the top of the HACH
HQ40D multi meter probe,
2) Select “CALIBRATE”,
3) Place conductivity standard solution into a beaker,
4) Wash the probe with deionized water,
5) Place probe in the beakers containing the conductivity standard solution
ensuring the sensor is completely submerged,
6) Push “READ” and the screen will show “Stabilizing” as a progress bar fills.
7) Once the progress bar is full calibration is complete, and
8) Push “STORE” to accept the calibration and return to measurement mode.
The HACH HQ40D multi meter probe and two YSI Professional Plus (Pro Plus)
Multiparameter Instruments were used to collect the data to ensure each probe was
working correctly. The Fonterra YSI Professional Plus (Pro Plus) Multiparameter
Instrument was screwed into the line in the sampling shed directly measuring
effluent as it moved past from the 6" — 7" December 2016 and from the 12" — 22"
December 2016 (Figure 3-6).
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Figure 3-6. YSI Professional Plus (Pro Plus) Multiparameter Instrument screwed
directly into the Awaroa effluent line.

The Bay of Plenty regional council YSI Professional Plus (Pro Plus)
Multiparameter Instrument was also screwed into the line in the sampling shed

directly measuring effluent as it moved past from the 7" — 9" December 2016.

The HACH HQ40D multi meter probe was placed inside an over flow bucket where
the hose that was placed in the overflow bucket was connected directly to an outlet
on the Awaroa line in the sampling shed. The pump in the sampling shed that sends
the effluent from the high strength effluent storage tank to the Awaroa holding tanks
turns on when the levels are high enough, this means the probe was only reading

fresh effluent every ~30 minutes to ~1 hour.

3.3.2 Results

The conductivity recorded from the sampling shed on site showed a large spike on
the 7" of December 2016 reaching 5000 mS/cm (Figure 3-7). There were small
spikes ranging from 49 to 151 mS/cm on the 12" to 21% of December 2016. The
second Y'SI Professional Plus (Pro Plus) Multiparameter Instrument (council probe)
conductivity did not work as the probe was broken which is shown as the green
highlight (Figure 3-7). Individually, the pH and temperature from the 6" to 21% of
December 2016 showed varying spikes. pH spiked between 5 and 12 (Figure 3-8).
Temperautre showed a random varied pattern over time moving between 20 °C and
60°C (Figure 3-9).
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Figure 3-7. Conductivity of effluent in sampling shed.
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Figure 3-8. pH of effluent in sampling shed.
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Figure 3-9. Temperature of effluent in sampling shed.
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3.3.3 Probe data collection of continuous pH, temperature and conductivity

from the Awakeri line at the Awaroa tanks
3.3.3.1 Methods

Conductivity, temperature and pH data were also collected from the Awakeri line
at the Awaroa tanks over 3 days. A hose was connected to the Awakeri effluent line
(Figure 3-10). The hose ran into the holding tank where it was placed into a small
overflow container (Figure 3-11). The HACH HQ40D multi meter probe was
placed in the overflow container and set to record continuously. The data on the

probe was collected and uploaded onto a USB stick every 24 hours.

Figure 3-10. Hose connected to Figure 3-11. Hose running into holding
Awakeri effluent line. tank.
3.3.4 Results

The HACH HQ40D multi meter probe measured conductivity and temperature for
three days. The data presented below shows that the conductivity of the effluent
varies daily ranging between ~40 mS/cm to ~85 mS/cm (Figure 3-12). Temperature
varies between ~35°C and ~55°C. However, the graph also shows large drops in
temperature which correlates to night time. pH was not measured as the pH probe

was broken.
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Figure 3-12. Conductivity and temperature data from Awakeri line at Awaroa tanks over 3 days.



Chapter 3

Fonterra Edgecumbe Dairy Factory effluent production and properties

3.4 Fonterra Edgecumbe resource consents

The Fonterra Edgecumbe dairy factory currently holds 10 resource consents, one

of which relates to effluent discharge to land (Table 3-6). Many of the resource

consents allow Fonterra Edgecumbe to discharge various materials to water-ways,

land, and air.

Table 3-6. Fonterra Edgecumbe resource consents (Sheri Crompton, pers

comm, 2017).
Consent Purpose
64482 To authorise activities associated with the removal of accumulated sediment from

27

67242

65800-AP

02 4211

02 4212
02 4606

61734

62000

65013

the bed of the Rangitaiki River adjacent to the Fonterra water intake structure.

Consent to discharge trade waste to the public sewer.

Discharging dissolved air flotation (DAF) and dairy effluent silo solids to land
from the consent holder’s operation at Edgecumbe and its associated silo
compound areas onto various farms within the Whakatane District.

Discharge treated dairy manufacturing effluent to land and the associated
discharge of contaminates to air.

For the purpose of discharging cooling water, effluent and water treatment
sedimentation solids from the consent holder’s dairy factory and from the New
Zealand Distillery Company Limited, distillery at Edgecumbe, to the Rangitaiki
River.

Discharging stormwater into the Rangitaiki River and the Eastbank Road Drain.

Discharge of cooling water into the Rangitaiki River.

Discharge of untreated farm dairy effluent to pasture irrigation at Eastbank Road,
Edgecumbe.

Taking water for dairy processing, cooling and cleaning.

Discharge of particulate matter from the tempering, blending, milling and
packing system, waste gases from laboratory and miscellaneous other processes
at the dairy processing facility.

Resource consent 65800-AP was granted to “undertake a discretionary activity to

discharge treated dairy manufacturing effluent to land and undertake the associated

discharge of contaminants to air” (Appendix 1) Resource consent 65800-AP is of

interest to this project as it allows Fonterra Edgecumbe to apply effluent to

surrounding farms which, in turn can cause pasture burning. The conditions applied

to this resource consent state that medium strength effluent may only be applied to

seven farms (Table 3-7).
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Table 3-7. Farms irrigated by Fonterra Edgecumbe’s medium strength
effluent.

Omehue farm Mulins PJ & KJ
Brophy Block AB & MI McLean
Mclean FA and Searle GG Gow Family Trust

Shakes Woods BH & JF “Dreamfields Family Trust”

Resource consent 65800-AP states that high strength effluent may only be applied
to 21 farms in the Edgecumbe area (Table 3-8).

Table 3-8. Farms irrigated by Fonterra Edgecumbe’s high strength effluent.

By De Lay Zink Watkins
Orini dairies limited Ngati Awa Farms Mullins
Langdon Virbickas LeLievre
MacDonald Awaroa Sullivan
Carter-Brain Gow Bradley
Barr Steiner Olsen
Campbell Reeves Haultain

The resource consent 65800-AP outlines the consent conditions Fonterra
Edgecumbe must follow in regards to the application of effluent to land and the
associated discharge of contaminates to air.

e The medium strength effluent applied using centre pivot irrigation systems
must not exceed 15mm per pass.

e If medium strength effluent is applied using in-ground sprinkler, pod irrigation
systems or long lateral irrigation systems must not exceed 60 cubic meters per
hectare per hour.

e Any irrigation event must not exceed 50mm.

e Farms receiving medium strength effluent shall not exceed nitrogen limits of
550kgN/ha/year from 1 July 2010 to 30 June 2018.

e High strength effluent is applied via travelling irrigations and shall not exceed
16mm per irrigation event.

e Farms receiving high strength effluent shall not exceed nitrogen limits of
150kgN/halyear.

e Effluent may also be spread via trucks of either high strength or medium
strength on farmland in the Rangitaiki Plains.

e Effluent disposal via trucks must not exceed 50 m? per hectare per application.
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e There must be a 10-day or longer rest period before the next irrigation event by
trucking on every area where truck spreading is carried out unless agreed upon
by Chief Executive of the Bay of Plenty Regional council or delegate.

e Any area receiving effluent via irrigation must have a at least 14 days between
each irrigation event.

e Farms receiving high strength effluent via truck spreading shall not exceed
nitrogen limits of 150kgN/ha/year and phosphorus limits of 200kgP/ha/year.

e Effluent must not be applied within 10m of any stream or drain, or property
boundary. Also, effluent must not be applied within 45m of any residential
dwelling.

e To prevent odour, irrigation will be operated in such a way that ensures there
is no offensive odour beyond the irrigation property’s boundaries. To help with
odour, all irrigation lines need to be flushed with clean water at the end of each
season and irrigation silos must be cleaned on a regular basis.

e The nature of the effluent shall be characterised and a weather station at
Omeheu must record rainfall daily.

e The volume of effluent discharged each day, the area irrigated and paddock
number must be recorded.

e The equivalent depth of effluent applied shall be recorded once every three
months.

e The quantity of effluent discharged by truck each day, area irrigated and
properties and paddock number must be recorded.

e Ground water and surface water quality monitoring shall be carried out to
determine any effects from the irrigation.

¢ 0il monitoring must be carried out once every two years.

e Aregister of all complaints and incidents must be kept and given to the council
on request.

e Fencing will be installed to prevent all stock from accessing water bodies. In
conjunction with the landowner, riparian planting management plans for water
bodies immediately adjacent to irrigation areas can be created with the

landowner’s consent.
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3.5 Discussion and Conclusion

The soil present on the farms that are irrigated are poorly drained and many of the

farms have a high water table which may contribute to pasture burning.

Overall, the strength of high strength effluent did increase between season 15 to
season 17 in regards to Total nitrogen, TKN, Nitrate-Nitrogen, Nitrate-Nitrite, and
DRP. Magnesium, Sodium, Calcium, Potassium, Phosphorus and the conductivity
of the high strength effluent peaked during key processing months (November —
January) of each season. The high strength effluent has high fertilizer properties in
regard to Nitrogen and Phosphorus. If Fonterra applied 15mm of effluent, as per
their resource consent, 30 kgha™* of nitrogen and 75 kgha* of phosphorus would be
applied per irrigation event. As the effluent has a high Total Solids, Total Volatile
Solids, and BOD allowing time between each irrigation event would ensure all

solids would biodegrade.

The average conductivity of the effluent ranged between 49 mS/cm to 151 mS/cm
which was confirmed by the data collected via the YSI and HACH probes. The
large spike in conductivity recorded then confirmed the effluent does spike and
change in composition over a few hours. Only one large spike was recorded during
the monitoring undertaken (section 3.4.1). Such “spikes” in the effluent may not be
evident in the regular 24-hour composite sampler data collected by Fonterra daily.
The data collected from the sampling shed using the YSI probe may have been a
magnitude lower than the 24-hour composite sampler data analysed by Hills
Laboratory. The increase in conductivity may have been a contributor to pasture
burning in the following days after the effluent passed through the system and was

irrigated on the surrounding farms.

The pH recorded by the Fonterra Edgecumbe YSI Professional Plus (Pro Plus)
Multiparameter Instrument and the Bay of Plenty regional council YSI Professional
Plus (Pro Plus) Multiparameter Instrument showed an average pH of ~5 but spiked
to pH 12 regularly due to the CIP’s (cleaning in progress) occurring in the

processing plants on site.
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The pH collected by the 24-hour sampler was only recorded once or twice during
each month thus was not an accurate representation and spikes in pH was not
recorded. However, the 24-hour sampler data showed that during the months of
March and August through seasons 15 to 17, the pH ranged from pH 4.2 to 5.5
which is similar to average pH recorded by the Fonterra Edgecumbe YSI

Professional Plus (Pro Plus) Multiparameter Instrument.

The 24-hour sampler data collected from the sampling shed on site was not analysed
for temperature. However, the Fonterra Edgecumbe YSI Professional Plus (Pro
Plus) Multiparameter Instrument and the Bay of Plenty regional council YSI
Professional Plus (Pro Plus) Multiparameter Instrument did measure temperature
which showed a varying pattern between the 6 to the 22" of December 2016
ranging between 20°C and 60°C. When the temperature of the effluent fell to ~20°C
the pumps moving the effluent turned off allowing the effluent in the overflow
bucket to cool. The temperature or the effluent, based on the data collected does not

spike abnormally.
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Preliminary observations

4.1 Introduction

Chapter Four reports the initial observations from pasture burning events, farm
observations, effluent, soil and plant composition data, as well as weather data and
plant osmolality data. All preliminary data were gathered from October 2016 —
February 2017. Weather data from September through to December 2016 is
discussed in relation to pasture burning events. The cell osmolality of the white
clover and perennial ryegrass collected from Omehue farm and Rowlands farm

were determined.

This chapter is partly descriptive as the initial observations were limited by

resources and access therefore some information presented is anecdotal.

4.2 Objectives

The overall aim of chapter four is to investigate the occurrence of pasture burning
on the surrounding farms that are irrigated by the Edgecumbe Dairy Factory, in the
Bay of Plenty.
Specific objective are to:
e Record all pasture burning events to determine any patterns that would help
identify causes,
e collect weather data during the key burning season to investigate any
relationship between temperature and/or rainfall and pasture burning events,
e collect effluent at the paddock during irrigation to endeavour to capture
effluent that causes burning,
e determine soil and pasture properties, and

e determine the osmolality of clover and ryegrass.
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4.3 Description of Pasture Burning events

4.3.1 Methods

Pasture burning record sheets were developed for the irrigation workers to fill out
every time they witnessed pasture burning in the field (Appendix 2). The
information collected about each pasture burning event included farm name,
operator who placed the irrigator in the paddock that burned, date damage to pasture
was observed and description of the burning, paddock number, irrigator number,
run number, time of the run, where burning occurred on the run, and the line that
the effluent came from (Table 4-1). Photographs were also taken to capture the

event.

4.3.2 Results

The main pasture burning observed was classed as “tip burn”; however severe
burning was also observed which caused desiccation of all leaves on the plant.
Ponding was also a cause of pasture dieback in low lying areas where saturated

conditions prevailed for extend periods of time.
Thirty-eight pasture burning events were captured between September and

December 2016 (Table 4-1). A detailed description of each pasture burning is event

is listed in Appendix 3.
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Table 4-1. Pasture burning event record

Date
Farm pastL_lre Date of irrigation Paddock  Run that Time and date of run Type .Of burn and Line
burning number burnt location on run?
observed
1 Barr 14/09/2016 - 3 - - Ponding Awakeri
2 McDonalds (A) 14/09/2016 12/09/2016 3 - - Tip burn Angle road
1 = 18/09/2016 -> 7.30am -
1 late
3 McDonalds  20/09/2016 18/09/2016 77 2 2 =18/09/2016 >2.40pm - late Tip burn Angle road
8 3 = 19/09/2016 -> 8.12am -
late
1 1=17/09/2016 -> 4.20pm-late
17/09/2016 or 2 =18/09/2016 -> 7.50am-late .
4 McDonalds 20/09/2016 18/09/2016 22A g 3 = 19/09/2016 = 8.30am - Ponding Angle road
late
1=15/09/2016 - 4.50pm - late
1 2=16/09/2016 ->2.19pm - late
2 3 = 17/09/2016 -> 9.00am -
3 late .
th
5 Ngakauroa 21/09/2016 15" -19/09/2016 48 4 4 = 17/09/2016 > 7.40pm - Tip Burn Awaroa
5 late
6 5=18/09/2016 ->9.43am - late
6 =18/09/2016 ->8.50pm - late
2 = 17/09/2016 -> 8.14am-
1pm
17" > 2 3 = 18/09/2016 > 4.35pm — .
6 Rowlands 21/09/2016 19/09/2016 28 3 late Tip Burn Angle road
3 = 18/09/2016 -> 9.20am -
late
7 McDonalds 25/09/2016 25/09/2016 71 3 3 =25/09/2016 - 12pm- 8pm Tip Burn Angle
8 Barr 28/10/2016 24/10/2016 16 - Tip burn; End of run Awakeri
9 Rowlands 28/10/2016 24/10/2016 - Tip burn Angle road
10 Rowlands 28/10/2016 24/10/2016 - Tip burn Angle road
11 Rowlands 28/10/2016 24/10/2016 15 - Tip burn Angle road



99

Table 4-1. Pasture burning event record continued.

Date

Run .
Farm pasture _ Dgte Qf Paddock that Time and date of run Type of burn and location Line
burning irrigation number b on run?
urnt
observed
1 =6/11/2016 - 9.50am - 1pm . )
12 McDonalds (B) 7/11/2016 6/11/2016 75 2 3 = 6/11/2016 ~>1.35pm - 6pm Tip burn; Start of run Angle road
6 > 2 2 =6/11/2016 -> 7.00am - 3pm
13 Campbell 9/11/2016 7/11/2016 95 3 3 =6/11/2016 - 4.05pm - late Tip burn Awakeri
4 4 =7/11/2016 ->7.30am -3.30pm
14 Ngakauroa 9/11/2016 8/11/2016 40 6 6 = 8/11/2016 -> 8.45am - late Tip burn; Middle of run Awakeri
1=13/11/2016 >2:14pm -6.30pm
1 2 =4/11/2016 > 6.50am - 1pm
2 3=4/11/2016 - 12.15pm- 5pm
50> 3 4 =5/11/2016 >7pm - late . .
15 Awaroa 9/11/2016 6/11/2016 33 4 5 = 5/11/2016 - 6.41am — 12pm Tip burn Putiki
6 6 =5/11/2016 >1.30pm - late
7 7 = 6/11/2016 > 6.45am -
12.45pm
1 1=7/11/2016 -9.30am - 2pm . .
16 Law 9/11/2016 7/11/2016 19 5 2 = 7/11/2016 ->2.45pm - late Tip burn; middle to end of run  Angle Road
17 McDonalds (C) 10/11/2016 9/11/2016 9 1 1=9/11/2016 - 8.50am - 5pm Tip burn; middle of run Angle road
18 Barr 15/11/2016 13/11/2016 - 4 4 =13/11/2016 > 1pm Tip burn Awakeri
19 Ngakauroa 14/11/2016 10/11/216 6 3 3=10/11/2016 - 6.47am - 1pm Tip burn Awaroa
2 2=12/11/2016 - 9.15am - 4pm . : .
20 Awaroa 14/11/2016 12/11/2016 15 4 4 = 13/11/2016 - 6.30am - 4pm Tip burn; parts of run Putiki
21 Laws 14/11/2016 11/11/2016 33 1 1=11/11/2016 - 8.50am - late Tip burn; most of run 1 Angle road
3 3=10/11/2016 -> 8.50am - 5pm . ;
22 Awaroa 13/11/2016 10/11/2016 14 6 6 = 10/11/2016 = 7.50am - 5pm Tip burn; most of run Angle Road
23 Awaroa 13/11/2016 - 15 - - Tip burn Putiki
24 Awaroa 13/11/2017 - 16 - - Tip burn Putiki
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Table 4-1. Pasture burning event record continued.

25
26

27

28

29
30

31

32

33

34

35

36

37

38

Farm

Sullivan

Barr

McDonalds

Rowlands

Rowlands
Ngakauroa

Kokshaun

Kokshaun

Kokshaun

Reeves
Rowlands
BDL East
BDL East

Rowlands

Date pasture burning
observed

24/11/2016

25/11/2016

8/12/2016

8/12/2016
7/12/2016

7/12/2016

7/12/2016
7/12/2016
9/12/2016
10/12/2016
10/12/2016

10/12/2016

10/12/2016

Date of
irrigation

13/14/15/16th/11/2

016

23/11/2016

4t > 5/12/2016

6/12/2016
31 >6/12/2016

4t > 7/12/2016

4 > 7/12/2016
4t > 7/12/2016
6/12/2016
7/12/2016
7/12/2016

8" >9/12/2016

9/12/2016

Paddock
number

24
29

45

15

25

29

30

19
16
14

15

Run
that
burnt

1
1
2

Most of
paddock

1

P NWONEFEWONENE O O

[EEN

N

Time and date of run

1 = 23/11/2016 -> 8.10am -
2 = 23/11/2016 >

4.10pm
5pm - late

All runs

1=16/12/2016 > ?

1=3/12/2016
5=3/12/2016
6=6/12/2016
7=6/12/2016

1=?-> 7.13am - 11.30am
2=? > 11.30am - 2pm
1=?- 1.30pm - 4.30pm
2=? - 1.30pm - 4.320pm
3=? - 6.50am - 11am
1=?-> 8pm - late

2 =6/12/2016 - 7.25am - 4pm
1=7/12/2016 -12.40pm-6pm
1=7/12/2016 - 9.10am

1=8/12/2016 > 5.50pm - late

2=9/12/2016 >11.45am
1=19/12/2016 ->9.30am

Type of burn and location on
run?

Severe burn
Ponding; most of run

Tip burn; Whole left side of the
paddock

Tip burn; whole paddock
(multiple runs)

Tip burn; most of run
Severe tip burn; Strips

Tip burn; Patchy / Strips

Tip burn; Patchy / Strips

Tip burn; Patchy / Strips

Tip burn; Patchy / Strips
Tip burn; whole run
Tip burn; most of run

Tip burn; most of run 1 & 2

Tip burn; Most of 1st run

Line

Awakeri

Awakeri

Angle
Road

Angle
Road
Angle
Road
Awaroa

Awakeri

Awakeri

Awakeri

Awakeri
Angle
road
Putiki
road
Putiki
road
Angle
road
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The pasture burning record shows that pasture burning mostly occurred on Barr,
McDonalds and Rowlands farm (Table 4-1). However, burning also occurred on
Ngakauroa, Campbell, Law, Sullivan, Kokshaun and BDL east farm (Table 4-1).
The majority of burning events occurred on runs 1, 2 and 3 (Table 4-1). The key
type of pasture burning was tip burning where some was severe or occurred in
patches or in strips along each run (Table 4-1). Ponding also occurred on the Barr
farm in September and November (Table 4-1).

The first example of burning observed during this project was on Barr’s farm
(Figure 4-1, 4-2). Burning was noticed on the 14" of September 2016 in paddock 3
(Table 4-1). The burning was in dips and hollows suggesting the type of pasture
burning was due to ponding creating anoxic conditions for the pasture thus causing

the pasture to die off.

Figure 4-1. Ponding and pasture die back in paddock 3 occurred in low points in the

paddock.

Figure 4-2. Ponding in paddock 3 occurred in low points in paddock 3 along with large
brown patches of pasture.
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The second, and more common type, of pasture burning was tip burn. Tip burn was
observed on the 14™ of September 2016 on McDonalds farm in paddock 3 (Table
4-1). Paddock three was irrigated on the 12" of September 2016. The tip burn

occurred in strips creating a light brown path behind where the irrigator ran (Figure

4-3). The tip of the clover leaves, ryegrass and dock were burned (Figure 4-4).

Figure 4-3. McDonalds farm, paddock 3 — strip burning.

Figure 4-4. McDonalds farm, paddock 3 — tip burning.
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4.4 \Neather data

441 Methods

Air temperature, rainfall, wind direction, and wind speed for Edgecumbe were
downloaded off the Bay of Plenty Regional Council website from the Edgecumbe
township weather station. The weather data station in Edgecumbe is located in the
town of Edgecumbe on a 10m high mast (grid reference: V15: 456 509)
(http://monitoring.boprc.govt.nz/MonitoredSites/cgi-bin/hydwebserver.cgi/distict/
details?district=3). Relative humidity and solar radiation weather data were
downloaded from the weather station on the Rangitaiki plains. The Rangitaiki
plains weather station is located at 147B Flax Road 26m above ground. The data
were collected for the months of September 2016 through to December 2016 to
determine if there was a pattern of burning connected to the weather (Appendix 4).
Each pasture burning event was overlaid on graphs of the weather data.

4.4.2 Results

No pattern was evident when air temperature, humidity, rainfall, wind speed, wind

direction, or solar radiation were compared to pasture burning events (Figure 4-5).
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Air temperature, rainfall and humidity for November 2016
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4.5 Effluent collection from irrigation paddock hydrants to

catch pasture burning

451 Methods

Effluent samples were collected directly from the hydrant in paddocks where
pasture burning had previously occurred on Rowlands, Awaroa and McDonalds
farm. Samples were collected in November — December 2016. The effluent samples
were collected in one 1L unpreserved blue hills laboratory bottle and one 250mi
preserved green hills laboratory bottle per hydrant before the irrigator was turned
on at the start, middle, and end of each run. Each bottle was labelled with the farm
name, paddock number, run number and date. The bottles were taken to the freezer
at Omehue to be stored. If a paddock had burned after irrigation the sample, along
with some adjacent non-burning samples, would have been sent away to Hills
Laboratory for analysis. However, there were no burning events associated with the
samples taken. Eleven samples from Rowlands, Awaroa and McDonalds farm were

sent for analysis to determine a baseline effluent composition in the field.

45.2 Results

The samples taken on the 28" of November on Rowlands farm in paddock seven
and paddock eight have different effluent compositions despite irrigation occurring
on the same day (Table 4-2). The composition of the effluent taken from Rowlands
paddock 7 was also very different to the 24hr sampler data proving the composition
can change in the field (Table 4-2). As irrigation occurred on the same day, the
effluent sampled was expected to have a similar composition (Table 4-2). All
effluent properties tested in the sample taken in paddock seven were higher than the
samples taken in paddock eight (Table 4-2). As there is such a large pipe network,
the effluent can reach a paddock via different paths depending on what irrigators
are on throughout the scheme at the time. As each paddock has its own hydrant, the
effluent may have travelled through different pipes to reach these paddocks
allowing for effluent that is left in the pipes to be picked up as it travels to the
paddock.

Despite irrigation occurring on different farms, the effluent composition for
samples taken from Rowlands farm and Awaroa farm were mostly similar (Table
4-2).
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The pH of Awaroa paddock 27 spiked to 4.7 and the total calcium was slightly
higher than the other three samples (Table 4-2). The sample taken from Awaroa
paddock 27 - run five contained 19,600 g/m? of total dissolved solids which was
similar to the sample taken from Rowlands farm paddock eight (20,000 g/m®)
(Table 4-2).

The samples from Rowlands farm paddock eight - run one, Rowlands farm paddock
eight - run two and Rowlands farm paddock eight - run eight had similar effluent
compositions and were all sampled on the same day (Table 4-2). The effluent
samples from McDonalds farm paddock 47 showed some variability even though
they were taken from the same paddock and hydrant. Both samples, however, had
asimilar range in their effluent properties as the samples taken from Rowlands farm
on the 1% of December 2016 (Table 4-3).

The effluents analysed from Awaroa, Rowlands and McDonalds farm was mostly
similar to the effluent that was analysed daily from the 24-hour sampler (Table 4-
2; 4-3). However, the sample taken from Rowlands paddock seven had a far lower
amount of all properties present. Samples taken from McDonalds paddock 47 run
one and Awaroa paddock 27 run three had a lower amount of total dissolved solids
and total calcium compared to all other samples (Table 4-3). There was slightly
more total dissolved solids and total calcium present in the 24-hour sampler data

overall.
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Table 4-2. Analysis of effluent taken from Rowlands farm undertaken in November/December 2016 compared with 24hr
sampler data.

28/11 30/11 01/12
Effluent Row - Row —
. Row - P7; 24 hr Row — P7; Row — 24 hr Row — P8; Row — 24 hr
Properties P8; run P8; run
run3 3 sampler runl P7; run3 sampler runl ) P8; run 8 sampler

pH 4.9 4.3 5.3t 4.1 4 5.3t 4.1 4 4.4 51
Electrical Conductivity (mS/m) 691 1,275 1,091 1,064 981 1,268 1,172 1,046 1,295 1,028.9
Total Dissolved Solids (g/m?) 6,600 20,000 19,800 14,500 14,700 >20,000 17,300 13,900 16,100 19,720
Total Calcium (g/m®) 540 1,040 1,460% 800 740 1,460! 820 630 730 980!
Total Magnesium (g/mq) 56 123 113t 116 102 133t 109 97 113 108t
Total Potassium (g/mq) 690 1,750 1,690! 1,440 1,250 1,690! 1,570 1,410 1,550 1,570?
Sodium absorption ratio 7.7 12.4 - 12.9 11.7 - 12.9 12.8 13 -
Total sodium (g/m?) 700 1,590 1,430* 1,470 1,280 1,430* 1,480 1,310 1,430 1,400*
Total sulphur (g/m?) 430 1,490 - 1,220 1,110 - 1,290 1,130 1,270 -
Chloride (g/m3) 540 850 610 640 580 850 700 630 730 622
Total nitrogen (g/mq) 95 260 240 250 150 230 240 230 280 225
Nitrite-N (g/m°) <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 0.55
Nitrate-N (g/m3) 0.13 5.4 7.8 4.4 5.4 2.6 4.1 4 2.6 6.15
Nitrate-N + Nitrite-N (g/m?) 0.16 5.5 7.8 4.4 5.5 2.6 4.2 4.1 2.6 6.2
Total Kjeldahl Nitrogen (g/m?®) 95 144 240 240 144 230 240 230 260 225
Dissolved reactive phosphorus 400t 400! 420 4401
(/) 22 360 420 360 350 320
Sulphate (g/m?3) 1,140 2,900 - 3,200 2,900 - 3,800 3,100 3,400 -

*Row = Rowlands farm; * 1 = only one sample taken that month thus is an average.
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Table 4-3. Analysis of effluent taken from Awaroa farm and McDonalds farm in November/December 2016.

29/11 01/12 30/11
Effluent
. McD P47 24 hr sampler McD P47 24 hr sampler Awa P27 — Awa P27 — 24 hr sampler
Properties
—-runl —run3 run5 run 3
pH 4 5.3 4 5t 4.4 4.7 5.3!
Electrical Conductivity (mS/m) 1,012 1,109 1,141 1,253 1,253 1,165 1,268
Total Dissolved Solids (g/m?) 14,300 21,085 16,100 23,000 19,600 14,500 >20,000
Total Calcium (g/m?®) 590 1,460! 730 9801 760 870 1,460!
Total Magnesium (g/m?®) 100 113! 113 108! 105 103 133!
Total Potassium (g/mq) 1,330 1,690! 1,550 1,570t 1,570 1,530 1,690!
Sodium absorption ratio 13.3 - 13 - 12.7 125 -
Total sodium (g/m?3) 1,320 1,430t 1,430 1,400t 1,410 1,460 1,430!
Total sulphur (g/m?) 1,220 - 1,270 - 1,550 1,390 -
Chloride (g/m?3) 540 692 730 820 860 720 850
Total nitrogen (g/m?3) 230 210 280 420 320 250 230
Nitrite-N (g/m?) <0.10 0.15 <0.10 <0.10 <0.10 <0.10 <0.10
Nitrate-N (g/m?) 5.9 2.8 5.2 2.1 5.5 5.6 2.6
Nitrate-N + Nitrite-N (g/m?) 5.9 3 5.2 2.1 5.6 5.6 2.6
Total Kjeldahl Nitrogen (g/m?3) 280 210 280 420 310 240 230
Dissolved reactive phosphorus 400! 440° 400!
390 370 370 370
(g/m®)
Sulphate (g/m?3) 2,800 - 3,400 - 4,700 3,700 -

*McD = McDonalds farm; *Awa = Awaroa farm; * 1= only one sample taken that month thus is an average.
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4.6 Reeves farm: soil and pasture sampling

46.1 Methods

Soil and pasture samples were taken using a 15cm auger from Reeves farm,
paddocks 47 and 48 for analysis to determine levels of nutrients at a farm that has
had previous pasture burning (Appendix 3). The soil was tested for pH, Olsen
phosphorus, potassium, calcium, magnesium, sodium, cation exchange capacity
(CEC), total base saturation, volume weight, sulphate sulphur, soluble salts,
electrical conductivity (EC), organic matter, total carbon, total nitrogen, calcium,
magnesium, sodium, sodium absorption ratio (SAR) and total copper.

4.6.2 Results

According to the Hills Laboratory scale, the soil in paddock 47 on Reeves farm had
a medium to high pH and a high Olsen phosphorous, potassium, calcium,
magnesium and total nitrogen (Table 4-4). Paddock 48 on Reeves farm had a high

Olsen phosphorous, calcium, magnesium, sodium, sulphate sulphur content.

Table 4-4. Soil analysis - Reeves Farm, paddock 47 and 48.

Analysis Level (P47) Range (P47) Level (P48) Range (P48)
pH 6.2 Medium > High 6.1 Medium
Olsen Phosphorus (mg/L) 147 High 134 High
Potassium (me/100g) 1.44 High 214 High
Calcium (me/100g) 12.5 High 13 High
Magnesium (me/100g) 2.14 High 2.84 High
Sodium (me/100g) 0.19 Low 0.85 High
CEC (me/100g) 24 Medium 25 Medium = High
Total Base Saturation (%) 69 Medium 74 Medium
Volume Weight (g/mL) 0.78 Medium 0.76 Medium
Sulphate Sulphur (mg/kg) 10 Low 183 High
Soluble salts (%) <0.05 - 0.13 Medium
EC (mS/cm) 0.09 - 0.37 -
Organic Matter (%) 11.7 Medium 13.6 Medium
Total Carbon (%) 6.8 - 7.9 -
Total Nitrogen (%) 0.66 High 0.73 Medium
Calcium (mg/L) 27 - 84 -
Magnesium (mg/L) 7 - 25 -
Sodium (mg/L) 13 - 91 -
Sodium Absorption Ratio 0.6 - 2.2 -
Total Copper (mg/kg) 25 - 21 -
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In paddock 47, the pasture was high in potassium, zinc and molybdenum (Table 4-
5). In paddock 48 the pasture contained high levels of potassium, sulphur, sodium

and copper (Table 4-5).

Table 4-5. Pasture analysis - Reeves Farm, paddock 47 and 48.

Analysis Level Range (P47) Level Range (P48)
(P47) (P48)
Nitrogen (%) 3.4 Low 3.6 Low
Phosphorus (%) 0.38 Low 0.44 Medium
Potassium (%) 3.3 High 3.6 High
Sulphur (%) 0.30 Low > Medium 0.54 High
Calcium (%) 0.61 Low = Medium 0.60 Low = Medium
Magnesium (%) 0.22 Medium 0.20 Low = Medium
Sodium (%) 0.085 Low 0.342 Medium >
High

Iron (mg/kg) 121 Medium 116 Medium
Manganese (mg/kg) 36 Low 35 Low
Zinc (mg/kg) 58 High 32 Medium
Copper (mg/kg) 8 Low 23 High
Boron (mg/kg) 13 - 12 -
Molybdenum 1.27 Medium > 1.11 Medium
(mg/kg) High
Chloride (%) 1.10 Medium 1.12 Medium
Nitrate — N (mg/kg) 353 - 289 -
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4.7 Osmolality of clover/ryegrass and effluent
4.7.1 Introduction

The osmolality of fresh and burned clover and ryegrass were measured to determine
a base line osmolality for the pasture which could then be compared with the
osmolality of Fonterra Edgecumbe’s effluent.

4.7.2 Methods

Clover and ryegrass samples were collected from the Omehue irrigation farm next
to the inground operator shed to determine the osmolality of fresh clover and
ryegrass (Figure 4-6). Effluent samples were collected from the Awaroa effluent

line.

Sample Area  |o

¥y
e :

AN

Figure 4-6. Map of Omehue irrigation farm showing collection area of fresh
clover and ryegrass.

Clover and ryegrass were also collected from Rowlands farm where burning
occurred 2 days before collection. The clover and ryegrass samples were frozen
overnight to preserve the sap after being picked and to rupture the cell membranes
for sap extraction. The pasture was removed from the freezer the next morning and
placed in atray. Tissue paper was lightly placed on the pasture to remove any excess
liquid while defrosting. Five clover leaves were then cut from the steam using a
blade. Five clover leaves and five ryegrass leaves were separated into two trays.
The five leaves were placed into a plastic 10ml syringe and squeezed to remove the
sap. The sap was squeezed into a 1.5ml microcentrifuge tube.
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The sap was then tested using a VAPRO Vapor Pressure Osmometer to determine
the symplasmic osmolality of the cell sap. Three replicates were carried out to get
a mean osmolality for both clover and ryegrass. The VAPRO Vapor Pressure
Osmometer measures the osmolality in milliosmoles (mmol/kg). Milliosmoles was
converted into solute potential in pressure units (MPa) as the literature refers to
plant cell sap symplasmic osmotic potential in MPa. To convert milliosmoles to
MPa the following process was followed:

1) Read the osmolality in milliosmoles using the VAPRO Vapor Pressure

Osmometer of either clover or ryegrass.
2) Multiply the milliosmoles by 0.002437; this give the MPa (osmotic

potential) of the cell sap.

The number “0.002437249” represents the RT (R = gas constant; T = temperature)
which is based on room temperature and was calculated from the Van’t Hoff
relationship (Nobel, 1999):

v :_RTZCj Where: Z C;
j J

is the osmolality in mmol kg
Ws = solute water potential (MPa)
R = gas constant (m® MPa mol! K1)
T = temperature (K°)

¢ = molar concentration of solute particles (mmol kg™?)
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4.7.3 Results

The mean symplasmic osmolality of cell sap expressed from fresh clover at
Omehue was 409 mmol/kg and the mean symplasmic osmolality of ryegrass cell
sap was 593 mmol/kg (Table 4-6). Burned clover from Rowlands farm had an
osmolality of 480 mmol/kg compared to 430 mmol/kg of fresh clover meaning that
the burned clover had more solutes presents in the leaf sap. Burnt ryegrass had a
higher mean osmolality of 556 mmol/kg compared to fresh ryegrass with a mean
osmolality of 535 mmol/kg although the difference was not as substantial as clover
(Table 4-7).

Table 4-6. Fresh clover and ryegrass from Omehue farm.

Omehue Farm Omehue Farm
Ryegrass Fresh
Clover Fresh (mmol/kg) Mpa (mmol/kg) Mpa
407 0.992 594 1.448
402 0.980 593 1.4458
420 1.024 594 1.448

Table 4-7. Fresh and burnt clover and ryegrass from Rowlands farm which
recently experienced pasture burning.

Rowlands Farm Rowlands Farm
Clover Clover Burnt Ryegrass Burnt
R Fresh
Fresh ~ Mpa  edrass res Mpa mmolkg) P mmolkg) PR
(mmol/kg)
(mmol/kg)
393 0.958 535 1.304 475 1.158 554 1.350
416 1.0138 538 1311 470 1.145 554 1.350
437 1.065 532 1.296 490 1.194 560 1.365

The osmolality of the effluent from the Awaroa effluent line ranged between 202
mmol/kg, 216 mmol/kg and 233 mmol/kg.
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4.8 Discussion

4.8.1 Pasture burning event record

By recording each pasture burning event as record was created. However, a pattern
based on date of irrigation, time of irrigation, irrigator used, paddock number and
farm was not evident. The type of burning and severity was determined using the
pasture burning record. The two major types of pasture burning include tip burning
and severe burning. Ponding was also recognised as a mechanism for pasture
burning. As the severity of burning changed between irrigation officers, narrower
limits placed around what was severe burning and what was light burning needed
to be better defined. Most burning events occurred on Barr’s, McDonalds and
Rowlands farm however, Barr’s farm is irrigated from the Awakeri line and
McDonalds and Rowlands farm is irrigated from the Angle road line. As the pipe
network is large, and there are many routes for the effluent to take, changes in the
effluent composition may alter if old effluent is picked up along the way. The old
effluent may contain high levels of lactic acid which could burn the pasture. The
majority of burning events occurred on runs one, two and three however the time
of these run vary throughout the day therefore a pattern cannot be recognised. After
many pasture burning events, the Fonterra Edgecumbe irrigation team concluded
that the pasture seems to grow back faster compared to when the pasture does not

burn (Fonterra Edgecumbe Irrigation team, pers comm, 2017).

4.8.2 \Weather data

The weather data download from the Bay of Plenty Regional council live
monitoring site was matched with the pasture burning events. No pattern stood out
when temperature, rainfall, humidity, wind speed, wind direction and solar
radiation were compared with pasture burning events. The weather is known to have
effects on pasture growth and susceptibility to injury (Sparks, 2017). Hot
temperatures will increase the plants need for water thus if the pasture is irrigated,
the pasture may absorb too much effluent increasing the concentration of effluent
in the plant. Increased rainfall, after irrigation, could dilute or wash off the effluent
from the leaves of the pasture reducing the concentration of ions being absorbed

which may prevent burning.
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The humidity of the atmosphere plays a role by influencing whether the ions in the
effluent will crystallise on the leaf surface or dissolve into a solution (Fallahi &
Eichert, 2013). If the ion is able to dissolve into a solution due to the humidity, the
plant may absorb too much creating a toxic effect and burning the plant. Wind
speed, if fast enough can injure the plant (Sturrock, n.d). Solar radiation can damage
the epidermis of a plant however, the plants ability to repair damaged cells is high
thus no extreme damage can be done via radiation (Jenkins, 2009).

4.8.3  Effluent solutions compared to 24hour sampler data

Effluent samples that were collected during November and December 2016, where
pasture burning has happened previously did not correlate with any burning events.
A baseline effluent composition in the field was determined. Many of the samples
had a similar composition where the pH was around 4 and the amount of total
dissolved solids was between 14,000 and 17,000 g/m?. However, two samples taken
from Rowlands farm on the 28" of November 2016 had contrasting compositions.
The amount of total dissolved solids present on one samples was 20,000 g/m? which
was high. However, another samples from Rowlands contained only 6,600 g/m?® of
total dissolved solids. The difference in compositions highlighted the fact that the
effluent composition can change within hours in the field. The samples that were
taken in the field had somewhat different effluent compositions to the 24-hour
sampler effluent. The total dissolved solids varied between the 24-hr sampler data
and the effluent samples however the electrical conductivity remained similar.
Large variabilities in effluent composition are possible based on the difference in

the effluent compositions seen in the field.

4.8.4 Soil and pasture analysis

Reeves farm soil has a pH of 6 means the soil is slightly acidic. At a pH of 6, the
amount of phosphorus, sulphur, calcium, and magnesium available for plant use
decreases (Potash Development Association, 2011 adapted from Truog, 1946).
However, as the soil samples taken from Reeves farm have high levels of
potassium, olsen phosphorus, calcium, magnesium, sodium, sulphate sulphur, total

nitrogen as well as a high CEC, a pH 6 should not reduce plant growth.
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The pasture samples from paddock 47 and paddock 48 are similar to an average
pasture with legumes (Muller, n.d.). Paddock 47, however had a high potassium,
zinc and molybdenum content (Hills Laboratory, 2017, Muller, n.d.). But had low
levels of nitrogen, phosphorus, sodium, manganese and copper. Paddock 48 also
had high potassium however, sulphur, sodium, and copper was also high (Hills
Laboratory, 2017). However, there were low levels of calcium, magnesium and

manganese.

High levels of potassium in a plant will affect stomatal regulation (VVan Brunt, 1998)
which may lead to a loss of water via transpiration thus dehydrating the plant
(Sterling, 2004). Excess zinc present in ryegrass can reduce growth (Tsonev and
Lidon, 2015). Zinc can also interfere with photosynthesis where stomata opening
can be affected thus photosynthesis (Tsonev and Lidon, 2015). Low levels of
nitrogen may cause older leaves to yellow and the plant will have stunted growth
(Broome, n.d.). Low levels of phosphorous can also stunt the growth of the plant
(Broome, n.d.). Low sodium levels in conjunction with low potassium levels are
ideal for a plants survival as sodium and potassium can interchange and complete
some of the same functions in a plant (Maathuis, 2013). However, low sodium
levels are very beneficial as many plants cannot cope with high levels (Maathuis,
2013). High levels of sodium can induce osmotic stress which can have negative
affects on a celluar level (Maathuis, 2013). Manganese and copper are
micronutrients thus too little of each may affect pasture growth they are required in

small amounts (Graham and Stangoulis, 2003).
4.8.5 Osmolality: clover, ryegrass and high strength effluent

On average, cell sap from the non-burned clover and ryegrass collected from
Rowlands farm had a lower symplasmic osmolality (415 mmol/kg and 535
mmol/kg) than burned clover and ryegrass (478 mmol/kg and 556 mmol/kg). It is
possible that the burned pasture had a higher solute content. The effluent had a mean
osmolality of 217 mmol/kg which is lower than the osmolality of the clover and
ryegrass cell sap. However, the effluent is known to vary daily (Table 4-2, 4-3) thus
the osmolality of the effluent may at times exceed that of the clover and ryegrass

cells.
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If the osmolality of the effluent exceeds that of the pasture, a dehydration affect
could occur within the pasture (Nabors, 1973, Kowles, 2010). As the effluent does
vary daily (Table 4-2), measuring the osmolality of the effluent daily would be a

good indicator of a potential dehydration affect.
4.9 Conclusion

Thirty-eight pasture burning events were recorded. Many of the pasture burning
events showed light tip burning, however, severe pasture burning events also
occurred. Ponding due to poor drainage was recognised as another cause of pasture
burning. Pasture burning is most likely occurring due to many different variables
including changes in the weather, effluent composition and the osmolality of the
pasture and the effluent. The effluent composition does change in the field after it
leaves the factory. Changes in the effluent composition may be a key cause in
pasture burning as all other variables discussed do no cause pasture burning
individually. The soil analysis completed showed high levels of potassium, olsen
phosphorus, calcium, magnesium, sodium, sulphate sulphur and total nitrogen
however, due to the pH, the ability for the plants to uptake such nutrients is possible.
The pasture analysis completed had high levels of potassium, zinc, molybdenum
sulphur, sodium, and copper. High potassium levels are most concerning as due to
the loss of water via stomatal opening and therefore dehydration of the plant. A
further in detailed analysis of the soil and pasture in the Edgecumbe area needs to
be completed. The osmolality of the pasture was higher than the average effluent
osmolality which suggests that unless the effluent concentration increases, burning
would not occur. However, because there is evidence the effluent composition does

change in the field, the osmolality may be a measure for pasture burning.
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Chapter 5
Field Experiment Methods & Results

5.1 Introduction

Based on the literature review (Chapter 2) and the preliminary observations

(Chapter 4) the following hypotheses were developed:

a) When effluent with a high osmolality is irrigated “pasture burning”
occurs,

b) New growth has a lower osmolality thus is more susceptible to pasture
burning at lower effluent osmolality. Mature pasture has a higher
osmolality therefore will not burn when effluent with a lower osmolality

is applied.

Two experiments are described and used to investigate the hypotheses. A pilot trial,
and a follow- up field experiment were carried out. The initial pilot trial confirmed
that pasture burning occurred following application of effluent with a high
osmolality. The main experiment was then undertaken to further investigate the
relationship between osmolality and pasture burning, and to test hypothesis b) (the

vulnerability of new growth).

The experiments were undertaken on Fonterra’s Awaroa farm in paddock 1 on a

clover/ryegrass dominated pasture.
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5.2 Methods

5.2.1 Paddock selection and soil description

Awaroa farm was chosen as the site to carry out both experiments as it is irrigated
with effluent from the factory and has established pasture growth (Figure 5-1).
Thirty-nine plots were measured out in 1m by 1m blocks (Figure 5-1).

| Block 3: 9 plots

"ﬂ Block 1: 15 K

Block 2: 15

Figure 5-1. Experiment set-up in field showing three blocks — block 1 & 2 = main
experiment and block 3 = pilot trial.

Awaroa paddock 1, is predominantly an Acidic Orthic Gley Soil, and is a sandy
loam (Landcare Research, 2011-2015). (Figure 5-2; 5-3). The potential depth the
plant roots can reach into the soil is classed as unlimited. The soil is poorly drained
due to a high-water table as the area is low-lying. The aeration capacity of the root
zone in the soil is limited where in some parts of the year anaerobic conditions exist
(Landcare Research, 2011-2015). The permeability of the soil is rapid to moderate
which is good for soil productivity, drainage, nutrient retention, and effluent
adsorption. The water logging vulnerability is high and the leaching of nitrogen is
low due to potential for denitrification in the saturated subsoil (Landcare Research,
2011-2015).
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[ / e fi 4
Figure 5-2. Top soil in Awaroa paddock 1.
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Figure 5-3. Soil from 20-40cm depth in Awaroa paddock 2.

5.2.2  Altering the osmolality of the effluent

Initial measurements were undertaken to determine the osmotic potential of effluent
as well as determining how much KCI and lactose solution to add to the effluent to
alter osmotic potential. Two 1L containers were filled with effluent from the
Awaroa line in the sampling shed. Two 1L containers were filled with lactose
solution EP 45 (evaporate permeate 45% solids) which was collected off the
evaporator in the protein plant which only operates from 4pm each day. The four
containers were transported to the Environmental Laboratory at Fonterra
Edgecumbe and stored at 4°C. A Vapor Pressure Osmometer (Vapro 5600, Wescor,
Utah) which measures the osmotic potential of solutions was used (Section 4.11,
figure 5-4).
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Figure 5-4. VAPRO Vapor Pressure Osmometer.
To measure and alter the osmolality of the effluent, 20ml of effluent was added to
each beaker. Small amounts of KCL and lactose solution were repeatedly added to
20ml of effluent to determine how much of each was needed to alter the osmolality
of the effluent. The osmolality of the initial effluent was about 200 mOsm. The
amounts of KCL and lactose solution required to reach the target osmolarities of
400 mOsm, 600 mOsm, 800 mOsm and 1200 mOsm were determined (Figure 5-5).

The amount of KCI and lactose solution required in 16L of effluent to reach the

target osmolarities were then calculated (Table 5-1).
b) Addition of KCl to reach target osmolality
g 1500
o
£
£ 1000
=
< 500
g
© o
0 0.2 0.4 0.6 0.8 1 1.2
Grams of KCl added to 20ml of "typical" effluent
a) Addition of lactose solution to reach target osmolality
%B 1500
g
£ 1000
=
= 500
°
£
e} 0
0 2 4 6 8 10 12
Grams of lactose solution added to 20ml of "typical" effluent

Figure 5-5. Amount of lactose solution solution(a) and KCI (b) needed reach
target osmolarities.
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Table 5-1. Amount (g) of potassium chloride and lactose solution added to effluent to
create each solution.

Target osmolality Effluent (L) Kl (@) La(-:tose
(mOsm) solution (L)
KCI 400 16 160
KCI 1200 16 680
Lactose solution 400 15.2
Lactose solution 1200 7.28
KCI + lactose solution 400 15.6 80 0.4
KCI + lactose solution 1200 12 320 4

5.2.3  Experimental design for field experiments

a) Pilot Trial

First a pilot trial was carried out. The objective of the pilot trial was to determine

whether there was any relationship between effluent osmolality and pasture

burning. Nine plots were taped off in 1m by 1m squares with a 0.5m gap between

each square in Awaroa paddock 1 (Figures 5-6, 5-7). Fifteen litres of lactose

solution was collected from the evaporator in the protein plant at 4pm the day before

the effluent solutions were applied to the pasture. The lactose solution was stored

in the Environmental Laboratory at 17°C overnight. The treatment for each plot was

prepared as per Table 5.1.

Effluent+ Effluent +
Lactose solution | Lactose solution | Water Only 51
+ KCI 1311 + KCI 464
Effluent +_ Effluent +_ Effluent Only
Lactose solution | Lactose solution 216
1406 370
Effluent + KCI Effluent + KCI Untreated
1194 501

Figure 5-6. Schematic of pilot trial showing treatment layout. Numbers below
treatments is the osmolality of each treatment.

89



Chapter 5 Field Experiment Methods & Results

Figure 5-7. Pilot trial layout in Awaroa paddock 1.

b) Main experiment

The main experiment was designed after the pilot trial finished as burning did occur
(Section 5.6.1). The main experiment assessed the pasture response at a wider range
of osmolarities to determine at what osmolality pasture burning occurred. Two
blocks were marked out. Each block had 15 squares that were 1m? in size (Figure
5-8.). Each 1m by 1m plot (excluding untreated) was irrigated using a watering can
with 14.75L of effluent solution with different osmolarities simulating irrigation
(Figure 5-8.). In order to promote new growth so the hypothesis b) could be tested,
225¢ of urea and 0.3g of progibb (gibberellic acid) was dissolved in 15L of water
and applied to block 2 of the main experiment (Figure 5-8).
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Matata Road
Block 1: No progibb or urea
Effluent +
Effluent + Effluent + E{:gf;st; Lactose Effluent +
KCI 818 KCI 382 solution 921 solution + KCI 1064
KCI 1095
Effluent + | Effluent + Effluent + | Effluent +
Lactose Lactose
) . Untreated Lactose Lactose
solution + solution + solution 803 | solution 356
KCI 395 KCI 645
Effluent +
Lactose Effluent Effluent + Effluent +
Water Only . Lactose
solution + Only solution 656 KCI 570
KCI 847
Block 2: Proaibb and urea added
Effluent +
Effluent + Water Onl Effluent + Lactose Effluent +
KCI 604 Y1 Kclogo | solution+ | KCI440
KCI 421
Effluent + Effluent + Effluent + Effluent +
Lactose Lactose Effluent +
. Lactose . Lactose
solution + solution 768 solution + KCl 797 solution 570
KCI 876 KCI 993
Effluent + Effluent + Eiftluent +
Effluent Lactose
Lactose Untreated Only Lactose solution +
solution 365 solution 967 KCI370
Factor >

Figure 5-8 Treatment layout of the main experiment plots.
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Figure 5-9. Progibb and urea was applied in the squares causing the pasture to grow
faster than the surrounding walkway between each square.

Following application of progibb and urea the site was left for three weeks allow
pasture growth (Figure 5-9).

5.3 Pilot trial implementation

Seven 20L buckets were filled with warm effluent collected the morning of the pilot
trial from the Awaroa line sampling shed (Figure 5-10). Fifteen liters of lactose

solution was obtained for the experiment the day before from the protein factory.

Figure 5-10. Effluent was collected from the sampling shed in buckets for the pilot
experiment.
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The volume of effluent in each container was calculated before the effluent was
collected to ensure that when the lactose solution was added, altogether the volume
came to 16L (Table 5-2). The pre-calculated amount of lactose solution and KCI
needed to raise the osmolality of the effluent from ~200 to 400 and 1200 (Table 5-
2) was measured out and added to the effluent in the buckets to create the different
effluent solutions. After the KClI and lactose solution were added, the osmolality of
the solution was measured again to confirm the osmolality achieved (Table 5-2).
Each bucket was stirred with a metal stick, which was rinsed between buckets, to

ensure that the additional lactose solution and potassium chloride dissolved.

Table 5-2. Amount (g) of potassium chloride and lactose solution added to effluent to
create a targets osmolality.

Treatment Target Osmolality Effluent KCI (9) Volume of
Name osmolality  achieved volume (L) lactose
solution (L)
KCI 400 501 16 160
KCI 1200 1194 16 680
Lactose 400 370 15.2 0.8
Lactose 1200 1406 7.28 8.720
Lactose solution
400 464 15.6 80 0.4
+ KCI
Lactose solution
1200 1311 12 320 4
+ KCI

Once mixed, 1.25L of each solution was taken from the buckets and poured into a
1L unpreserved polyethylene container and 250ml sulphuric acid polyethylene
container from Hills Laboratory (Figure 5-11). The Hills Laboratory containers

were frozen in the Omehue workshop freezer.

Figure 5-11. Effluent samples taken from each effluent solution from the pilot trial.
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After the effluent solutions were made up, each bucket was transported to Awaroa

paddock 1 and placed next to the square where the treatment would be applied
(Figure 5-12).

Figure 5-12. Pilot trial showing each effluent solution next to chosen pasture.

Each solution was applied to the allotted square, with 14.75L applied using a
watering can. Every day for one week the pasture in both experiments were visually
observed and any burning was rated using the visual damage scale (Table 5-3). All
observations were recorded. Pre-treatment damage was also observed as leaves may

not be in optimal conditions before an experiment begins.
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Table 5-3. Visual damage scale describing different degrees of burning.

0: No burning

1: Slight burning

- leaf curl/margins brown
(>10% affected in plot)

2: Moderate burning

- brown margins (>10%

affected in plot)

3: Strong burning

- half dead leaf (>10%
affected in plot)

4: Very strong burning Not observed

- leaf dead/fully brown
(>50% affected in plot)
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5.4 Main experiment implementation

Nine buckets were filled from the Awaroa effluent holding tanks along East Bank
road (Figure 5-13). The buckets were filled (with a specific amount of hot effluent
which was calculated in Table 5-2) from the automatic sampling point that runs off
the outgoing Awakeri effluent line. Each bucket was labelled to ensure the correct

amount of effluent, KCI and lactose solution was added.

——

Figure 5-13. Collecting effluent from the Awakeri outline effluent line at the Awaroa
holding tanks, East Bank Road, Edgecumbe.

The buckets of effluent were taken to the laboratory on site at Fonterra, Edgecumbe.
Each bucket of effluent was labelled with the treatment that would be applied to
each plot in the field. Each bucket of effluent was tested for initial electrical
conductivity and osmolality and the data was recorded.
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The initial osmolality of the effluent in each bucket was measured (Table 5-4), then

KCI or lactose solution was added to achieve the target osmolality (Table 5-5).

Table 5-4. Osmolality of the effluent before KCI and lactose solution was added.

Pilot trial Block 1 Block 2
Osmolality Osmolality Osmolality
Treatment Treatment Treatment
(mmol/kg) (mmol/Kkg)) (mmol/kg)
Effluent Only 216 Effluent Only 233 Effluent Only 202
KCI 400 236 KCI 400 253 KCI 400 207
KCI 600 237 KCI 600 188
KCI 800 200 KCI 800 180
KCI 1200 180 KCI 1000 260 KCI 1000 196
Lactose solution Lactose solution Lactose solution
245 259 181
400 400 400
Lactose solution Lactose solution
266 181
600 600
Lactose solution Lactose solution
259 182
800 800
Lactose solution - Lactose solution Lactose solution
218 199 190
1200 ~ 1000 1000
Lactose solution Lactose solution + Lactose solution
220 ! 199 192
+ KCI 400 - KCI 400 + KCI 400
| Lactose solution + Lactose solution
191 193
KCI 600 + KCI 600
Lactose solution + Lactose solution
217 186
KCI 800 + KCI 800
Lactose solution . Lactose solution + Lactose solution
233 219 172
+ KCI 1200 + KCI 1000

.~ KCI 1000
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Table 5-5. Calculated amount (g) of potassium chloride and lactose solution added to
effluent to reach a target osmolality.

Osmolality Lactose
Effluent ]
solution
Block 1:  Block2: | Volume KCI (g)
Target ) ) Volume
Achieved Achieved (L)
(L
Lactose solution 400 356 365 15.35 0.64
Lactose solution 600 656 570 14.04 1.95
Lactose solution 800 803 768 12.85 3.14

Lactose solution

1000 921 967 11.74 4.25
KCI 400 382 440 16
KCI 600 570 604 16
KCI 800 818 797 16
KCI 1000 1064 990 16

Lactose solution +

395 370 15.66 0.33 80
KCI 400
Lactose solution +
645 421 15.89 0.110 120
KCI 600
Lactose solution +
847 876 13.94 2.06 240
KCI 800
Lactose solution +
1095 993 13.54 2.46 288
KCI 1000

Like the pilot trial, once the effluent solution was mixed (using a metal stick), 1.25L
of each solution was taken from the buckets and poured into a 1L unpreserved
polyethylene container and 250ml sulphuric acid polyethylene container from Hills
Laboratory (Figure 5-11). These samples were frozen in the Omehue workshop

freezer.
Effluent solutions were mixed and transported to Awaroa paddock 1. The correct

bucket was poured into a watering can and the effluent was then applied to the

corresponding plot (Figure 5-14.). The watering can was rinsed between each use.

98



Field Experiment Methods & Results Chapter 5

Figure 5-14. Application of effluent on plot.

Treatments were applied to block 1 on the 23™ of March 2017 and block 2 on the
24" of March 2017. Pasture burning was assessed every day for 6 days after the
effluent was applied, notes and pictures were taken. After 6 days, notes and pictures
were taken every second day for four more days as pasture burning reached its peak

after the 3™ or 4™ day in the pilot trial.
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5.5 Results

5.5.1 Pilottrial

5.5.1.1 Burn Record

Burning results (Table 5-6, Appendix 7) show that clover was much more
susceptible to burning than ryegrass. Strong clover burning was evident by day
three of the trial (Table 5-6). Clover was moderately burned in all treatments with
an osmolality between 370 mmol/kg and 501 mmol/kg and was very strongly
burned (level 4) in all treatments with an osmolality of >1194 mmol/kg (Table 5-
6). Strong burning of the ryegrass occurred from day five onwards in the plot treated
with lactose solution with an osmolality of 1406 mmol/kg (Table 5-6.). All other
treatments caused slight to moderate burning (Table 5-6).

100



Field Experiment Methods & Results

Chapter 5

Table 5-6. Burning recorded on each day following effluent application of the

pilot trial.
Day Day Day Day Day Day Day Day
Treatments 0 1 5 3 4 5 5 7
Untreated Clover 0 0 0 0 0 0 0 0
0 Ryegrass O 0 0 0 0 0 0 0
Water only Clover 0 0 0 0 0 0 0 0
>1 Ryegrass O 0 0 0 0 0 0 0
Effluent Clover 0 0 0 1 1 1 1 1
only216  pegrass 0 0 0 0 0 0 0 0
Clover 0 0 1 1 1 1 2 1
KCI 501
Ryegrass 0 0 0 0 0 0 0 0
Clover 0 0 1 2 1 3 2 .
KCI 1194
Ryegrass 0 0 0 0 0 1 1 2
Lactose Clover 0 1 0 1 1 1 2 1
solution
370 Ryegrass 0 0 0 0 0 0 0 0
Lactose Clover 0 0 0
solution
1406 Ryegrass 0 0 0 2 2 3 3 3
Lactose Clover 0 0 0 1 1 1 2 1
solution +
KCl 464 Ryegrass O 0 0 0 1 1 1 1
Lactose Clover 0 0 1 . 3 3 3 3
solution +
KCI 1311 Ryegrass 0 0 0 1 1 2 2 2

- = Very strong burning

= Strong burning

= Light burning

= No burning

= Moderate burnina
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5.5.1.2 Weather at time of pilot trial

There was no rainfall during the pilot trial. On days one, two, three and four the
weather was cloudy and warm. On day five it was sunny and hot with no wind.
On day six the weather was overcast, cool with little wind. On day seven, the

weather was hot and sunny with a cool breeze.

5.5.1.3 Effluent composition applied in pilot trial

The effluent pH was generally around 4, though it was slightly higher (up to 5) in
the treatments with added lactose (Table 5-6). The electrical conductivity ranged
from ~1000 to 7000 mS/m which is regarded as high (EPA, 2012). The addition of
KClI to the effluent increased the effluent total dissolved solids, total potassium and
chloride (Table 5-7). The ESP ranged from ~5 to 48 however the majority of
samples have an ESP above 25% which is consider very strongly sodic (terraGIS,
2017). KCI 501 and KCI 1194 had a lower ESP than the effluent by itself and all
other treatments due to the addition of potassium (Table 5-7). In the treatments
where lactose solution was added, total sodium, total sulphur, total nitrogen and
sulphate increased (Table 5-7). The sodium adsorption ratio was higher in
treatments with added lactose solution than other treatments (Table 5-7). Total
calcium, total magnesium, TKN and dissolved reactive phosphorus were higher in
the treatment lactose solution 1406 compared to other treatments (Table 5-7). In
the treatments that had added KCI and lactose, there was higher total sulphur, total
nitrogen and sulphate compared to other treatments (Table 5-7). The sodium
adsorption ratio was increased in treatments with added KCI plus lactose solution
(Table 5-7). Total calcium, total magnesium, total sodium, TKN and dissolved
reactive phosphorus was higher in the KCI + lactose solution 1311 treatment than
in other treatments (Table 5-7, Appendix 8).
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Table 5-7. Pilot trial effluent composition.

Effluent Composition Ef‘fluzelrét*only KCl 501+ KCI 1194+ LactosgeYB(:Iution Lactols?1 Osgjution I:(():I:J:riol_nazgiie g)(lll}t?-olaal%tﬁf
pH 44 38 4 41 5 4 46
Electrical Conductivity (mS/m) 1,031 2,710 7,250 1,578 3,210 2,170 4,760
(Tg‘mi)msso"’ed Solids (TDS) 15,200 26,000 51,000 37,000 169,000 31,000 122,000
Total Calcium (g/m°) 650 390 490 650 1,460 550 940
Total Magnesium (g/m®) 110 132 116 185 560 153 360
Total Potassium (g/m®) 1,120 5,700 20,000 1,990 6,000 4,000 13,600
Sodium Absorption Ratio 11.6 17 12.6 20 41 18.1 32
Total Sodium (g/m?) 1,220 1,530 1,190 2,200 7,300 1,860 4,500
Total Sulphur (g/m?) 1,230 1,360 1,150 2,300 6,000 1,920 4,000
Chloride (g/m?®) 710 5,700 22,000 1,210 4,200 3,700 11,500
Total Nitrogen (g/m°) 330 370 300 470 1,300 460 860
Nitrite-N (g/m®) <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Nitrate-N (g/m3) 1.22 6.9 7.7 6.4 5.7 6.5 6.3
Nitrate-N + Nitrite-N (g/m°) 1.25 6.9 77 6.4 5.7 6.5 6.3
(Tgc;ﬁ's)Kje'dah' Nitrogen (TKN) 330 370 290 460 1300 450 850
(E;i;f]‘;’)"’ed Reactive Phosphorus 280 210 240 260 670 250 430
Sulphate (g/m®) 4,300 4,500 3,600 6,900 21,000 6,300 12,100
ESP 39.3 19.7 55 438 476 28.3 232
Max Burn: Clover 4 1 2 3 2 4 2
Max Burn: Ryegrass 2 0 0 2 0 3 1

* = measured osmolality of each effluent treatment.
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5.5.2 Effluent properties and maximum burning of clover and ryegrass

Maximum burning was compared with effluent properties (Figures 5-15 to 5-33).
There were positive correlations between clover burning and osmolality, electrical
conductivity, total potassium, chloride, nitrate-N, total calcium, total dissolved
solids and nitrate-N + nitrite-N (Figure 5-15 to 5-23). Ryegrass burning positively
correlated with osmolality, pH, electrical conductivity, total magnesium, sulphate,
total sulphur, total sodium, total nitrogen, dissolved reactive phosphorus, total
kjeldahl nitrogen and the sodium absorption ratio (Figure 24-33). Other effluent
properties did not show a positive correlation (R? < 0.5, Appendix 6). There was a
strong positive correlation between the osmolality and burning in both clover
(R?=0.98) and ryegrass (R?=0.9, Figure 5-15; 5-16). Osmolality and electrical
conductivity had the strongest positive relationship with both clover (Figure 5-15;
5-23) and ryegrass (Figure 5-16; 5-30) burning.
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Figure 5-15. Pilot Trial: osmolality vs maximum clover burning.
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Figure 5-16. Pilot Trial: osmolality vs maximum ryegrass burning.
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Visual Damage Scale
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Figure 5-17. Pilot Trial: Total dissolved solids vs maximum clover burning.
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Figure 5-18. Pilot Trial: Total Calcium vs maximum clover burning.
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Figure 5-19. Pilot Trial: Total Potassium vs maximum clover burning.
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Figure 5-20. Pilot Trial: Chloride vs maximum clover burning.
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Figure 5-21. Pilot Trial: Total Nitrate-N + Nitrite -N vs maximum clover
burning.
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Figure 5-22. Pilot Trial: Total Nitrate-N vs maximum clover burning.
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Figure 5-23. Pilot Trial: Electrical Conductivity vs maximum clover burning.
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Figure 5-24. Pilot Trial: Dissolved Reactive Phosphorus vs maximum ryegrass
burning.
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Figure 5-25. Pilot Trial: Total Nitrogen vs maximum ryegrass burning.
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Figure 5-26. Pilot Trial: Sodium Absorption Ratio vs maximum clover burning.
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Figure 5-27. Pilot Trial: Total Sulphur vs maximum ryegrass burning.
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Figure 5-28. Pilot Trial: pH vs maximum ryegrass burning.
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Figure 5-29. Pilot Trial: Sulphate vs maximum ryegrass burning.
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Figure 5-30. Pilot Trial: Electrical Conductivity vs maximum ryegrass burning.
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Figure 5-31. Pilot Trial: Total Sodium vs maximum ryegrass burning.
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Figure 5-32. Pilot Trial: Total Kjeldahl Nitrogen (TKN) vs maximum ryegrass
burning.
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Figure 5-33. Pilot Trial: Total Magnesium vs maximum ryegrass burning.

5.5.2.1 Pilot Trial conclusion

The pilot trial showed a strong relationship between increasing osmolality and
pasture burning. Clover burnt more than ryegrass. There were positive correlations
between clover burning and osmolality, electrical conductivity, total potassium,
chloride, nitrate-N, total calcium, total dissolved solids and nitrate-N + nitrite-N.
Ryegrass burning positively correlated with osmolality, pH, electrical conductivity,
total magnesium, sulphate, total sulphur, total sodium, total nitrogen, dissolved
reactive phosphorus, total kjeldahl nitrogen and the sodium absorption ratio

properties correlated positively with pasture burning in both clover and ryegrass.
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5.5.3 Main experiment: Block 1 (no progibb and urea)

5.5.3.1 Burn Record

The results from block 1 (no progibb and urea) (Table 5-7, Appendix 7.) show that
strong clover burning occurred on day 1 when the effluent was applied in the plot
treated with KCI 1064, no other plots showed severe burning (Appendix 6). All KCI
treatments with an osmolality of 570 or below showed slight burning of clover (level
1) or no burning (level 0). All plots treated with lactose solution and lactose solution
+ KCI solutions caused slight burning of clover. Plots treated with lactose solution

+ KCI 645 and lactose solution + KCI 1095 showed moderate clover burning.

Plots treated with lactose solution 803 and lactose solution + KCI 847 showed
moderate ryegrass burning. Ryegrass burning occurred slightly (level 1) and
moderately (level 2) in the plots treated with lactose solution and lactose solution +
KCI treatments with an osmolality above >800. Slight ryegrass burning started on
day 4. All KCI treatments caused slight burning (level 1) to ryegrass. The control
plot showed no burning until day 10 where moderate burning occurred.
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Table 5-7. Burning recorded the day of and the days following effluent
application in main experiment block 1.

Day Day Day Day Day Day Day Day

Treatments 1 2 3 4 5 6 8 10

Untreated 0 Clover 0 0 1 0 0 0 0 0

Ryegrass 0O 0 0 0 0 0 0 2

Wiater onlv 51 Clover 0 0 1 0 0 0 0 0

Yo% "Ryegrass 0 0 0 0 o0 0 0o 1

Effluent only Clover 0 0 1 0 1 1 1 0

233 Ryegrass 0 0 0 0 0 0 0 1

I 1 2 2 2 1 1 1

KCl3g oV °

Ryegrass 0 0 0 1 0 0 1 1

KCl 570 Clover 1 2 2 2 1 2 0 0

Ryegrass 0O 0 0 0 0 0 0 1

I 1 2 2 2 1

KCl 818 Clover 3 0 0

Ryegrass 0 0 0 0 0 0 1 0

Ryegrass 0O 0 0 0 1 1 0 0

Lactose Clover 0 0 1 0 0 0 0 0

solution356 Ryegrass 0 0 0 0 0 0 0 1

Lactose Clover 0 0 1 1 1 1 0 0

solution656 Ryegrass 0 0 0 0 0 0 1 1

Lactose Clover 0 0 1 1 0 0 0 0

solution803 Ryegrass 0 0 0 0 0 0 1 2

Lactose Clover 1 1 1 1 0 0 0 0

solution921 Ryegrass 0 0 0 0 1 1 1 1

Lactose Clover 0 0 1 1 1 1 0 0
solution +

KCl 395 Ryegrass 0 0 0 0 0 0 0 1

Lactose Clover 0 0 1 2 1 1 0 0
solution +

KCl 645 Ryegrass 0 0 0 0 0 0 0 1

Lactose Clover 0 0 1 1 1 1 0 0
solution +

KCl 847 Ryegrass 0O 0 0 0 0 0 2 0

Lactose Clover 1 1 1 1 2 2 0 0
solution +

KCl 1095 Ryegrass 0 0 0 0 2 2 1 2

- = Very strong burning = Light burning
= Strona burnin
g g = No burning

= Moderate burning
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5.5.3.2 Weather at time of main experiment, block 1.

On day one and two the weather was hot, sunny and humid. On day three the
weather was cool, rainy and windy. On day four and five it was overcast and cool.
On day six the weather was warm, raining and windy. On day seven, eight, nine

and ten the weather was cloudy with light rain.

5.5.3.3 Effluent composition applied in main experiment, block 1.

The pH (about 4-5), nitrite-N, nitrate-N and nitrite-N + nitrate-N concentrations
were similar through all treatments despite the addition of KCI, lactose, or KCI +
lactose solution (Table 5-9). As expected, the addition of KCI caused higher
amounts of total dissolved solids, total potassium, and chloride (Table 5-9). The
ESP was lower in treatments with added KCI due to the addition of potassium
(Table 5-9). The electrical conductivity was higher in KCI 570, KCI 818 and KCI
1064 (Table 5-9).

The addition of lactose solution to the effluent increased the total dissolved solids,
total sodium, total sulphur, total nitrogen, total TKN, and sulphate in all lactose
solution only treatments (Table 5-9). Total calcium, total potassium, chloride, and
dissolved reactive phosphorus were high in all lactose-only treatments, apart from
lactose solution 356 (Table 5-9). The sodium absorption ratio was high in all
treatments where only lactose solution was added (Table 5-9). The electrical
conductivity was higher in lactose solution 656, lactose solution 803 and lactose
solution 921 (Table 5-9).

The addition of KCI and lactose solution to the effluent caused a higher amount of
total dissolved solids, total potassium, total sodium, chloride, total TKN, and
sulphate to present in the effluent treatments (Table 5-9). Total sulphur, total
nitrogen, and dissolved reactive phosphorus was also higher but only in treatments
KCI + lactose solution 645, KCI + lactose solution 847, KCI + lactose solution 1095
(Table 5-9). The sodium absorption ratio was also higher as the lactose solution
contained high amounts of sodium. The ESP was lower in treatments with lactose

solution only, due to the added potassium (Table 5-9, Appendix 8).
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Table 5-9. Main experiment; Block 1 effluent composition.

KCI+ KCl+ KCl+ KCl+
Effluent Lactose Lactose Lactose Lactose Lactose Lactose Lactose Lactose
Effluent Composition Water only 55* " KCI 382* KCI570* KCI 818* KCI 1064* solution solution solution solution N N N N
only 223 356+ 656* 803* 921* solution solution solution solution
395* 645* 847* 1095+
pH 6.7 4.2 43 41 4 44 41 47 49 5 42 44 46 46
(En'fsc/tgga' Conductivity 9.9 1,166 1,595 3,490 5,920 6,740 1,578 2,030 2,360 2,520 2,210 3,020 3,720 4120
Total Dissolved Solids
(TDS) (g/?) 102 17,100 23,000 28,000 47,000 48,000 37,000 71,000 104,000 143,000 30,000 64,000 79,000 94,000
i 3
Total Calcium (g/m”) 55 750 1,020 570 610 840 650 1,160 1,290 1,130 720 690 930 510
i 3
VELE IV EE S (i) 21 122 133 116 110 152 185 240 300 320 122 182 230 210
i 3
Total Potassium (g/m) 34 1,470 2,500 9,300 16,200 18,300 1,990 3,000 4,100 4,500 4,500 6,800 9,800 10,400
S AT REFE 038 12,5 1.7 12.9 12 13.2 20 21 27 30 13.8 22 24 27
i 3
Total Sodium (g/m”) 8.9 1,410 1,500 1,290 1,230 1,580 2,200 3,100 4,100 4,500 1,520 2,500 3,100 2,800
3
TELE ST (i), 17 1,250 1,400 980 1,000 1,020 2,300 2,600 3,400 3,700 1,200 1,800 2,100 2,200
i 3
Chloride (g/m°) 108 940 2,200 8,300 16,500 21,000 1,210 2,300 3,100 3,300 4,200 6,600 9,100 9,700
R 3
Total INitrogen!(g/m) <6 330 290 280 270 370 470 700 950 980 340 500 700 680
. 3
Nitrite-N (g/m) <0.10 <0.10 <0.10 <010 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
- N 3
) () 0.69 56 9.1 7.4 8.4 85 6.4 8.2 9.3 7.1 8.7 8.5 7.8 55
i | itrite-| 3
Nitrate-N + Nitrite-N (g/m) 0.72 56 0.1 74 8.4 85 6.4 8.2 9.3 7.1 8.7 8.5 7.8 55
JLCEERIEHdaNUoces <5 330 280 270 260 360 460 690 940 970 330 490 690 670
(TKN) (g/m?)
Dissolved Reactive 0.042 340 490 280 330 510 260 590 640 500 380 430 560 350
Phosphorus (g/m?)
Sulphate (g/m?) 7.3 3,800 4,100 3,200 3,200 3,600 6,900 8,400 10,600 11,400 4,000 6,100 7,700 7,700
ESP 44.72 37.57 29.10 11.44 6.77 7.56 43.78 41.33 41.87 43.06 22.15 24.57 22,04 20.11
Max Burn: Clover 1 1 2 2 3 4 1 1 1 1 1 2 1 2
Max Burn: Ryegrass 1 2 1 1 1 1 1 1 2 1 1 1 2 2

* = measured osmolality of each effluent treatment.
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5.5.4 Effluent properties and maximum burning of clover and ryegrass

Maximum burning was compared with effluent properties (Figure 5-34 to 5-39).
There was a positive correlation between clover burning and electrical conductivity,
exchangeable sodium percentage, total potassium and chloride. There were no
strong trends (R? > 0.5) between block 1 effluent properties and ryegrass burning.
The electrical conductivity, total potassium, exchangeable sodium percentage, and
total chloride showed the strongest trends (R? = 0.81, 0.82) in clover burning
(Figure 5-36 — 5-39). Osmolality was not strongly correlated to either clover (R? =
0.26) or ryegrass (R? = 0.24, Figure 5-34, 5-35).
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Figure 5-34. Main Experiment: Osmolality vs maximum clover burning.
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Figure 5-35. Main Experiment: Osmolality vs maximum ryegrass burning.
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Figure 5-36. Main Experiment; Block 1: Electrical Conductivity vs maximum clover
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Figure 5-37. Main Experiment; Block 1: Total Potassium vs maximum clover
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Figure 5-39. Main Experiment; Block 1: Chloride vs maximum clover burning.

5.5.4.1 Conclusion

Ryegrass burning was slight to moderate overall. The plots treated with KCI 818
and KCL 1064 had the worst clover burning reaching moderate to strong burning.
The correlation between osmolality and burning was weak. However, burning

strongly correlated with electrical conductivity, chloride and total potassium.
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5.5.5 Main experiment: Block 2 (with progibb and urea)

5.5.5.1 Burn Record

Burning results (Table 5-8, Appendix 7) show that clover was somewhat more
susceptible to burning that ryegrass where the plots treated with KCI 797 and KCI
990 had strong (level 3) to very strong burning (level 4) on day 3. All other plots
started burning on day three and four, however burning was only slight (Table 5-
8). By day nine, most of the clover had recovered with no burning evident (Table
5-8, Appendix 6).

Ryegrass burning was strong (level 3) in plots treated with KCI 990, lactose solution
768 and lactose solution + KCI 876. Slight burning (level 2) was evident in some
plots on day four (Table 5-8). On day seven, slight tip burning occurred in plots
treated with lactose solution + KCI 876, lactose solution + KCI 993 and KCI 440
(Table 5-8). After day seven, all plots apart from KCI 990 had recovered (level 0)
(Table 5-8).
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Table 5-8. Burning recorded on each day of the main experiment block 2.

Day Day Day Day Day Day Day
Untreated Clover 0 0 0 0 0 0 0
0 Ryegrass 0 0 0 0 0 0 0
Water 0n|y Clover 0 0 0 0 0 0 0
49 Ryegrass 0 0 0 0 0 1 0
Effluent Clover 0 1 1 1 2 0 0
only202  Ryegrass 0 0 0 0 0 0 0
Clover 0 1 1 1 1 2 1
KCI 440
Ryegrass 0 0 0 0 0 2 1
Clover 0 1 2 2 2 2 0
KCI 604
Ryegrass 0 0 0 2 2 0 0
Clover 0 1 3 3 2 0 0
KCI 797
Ryegrass 0 0 0 0 1 0 0
Clover 0 1 [N 3 2 1
KCI 990
Ryegrass 0 0 0 3 1 2 2
Lactose Clover 0 1 1 1 1 1 1
solution
365 Ryegrass 0 0 0 0 1 1 0
Lactose Clover 0 1 1 1 1 0 0
solution
570 Ryegrass 0 0 0 0 0 1 0
Lactose Clover 0 1 1 1 1 1 1
solution
768 Ryegrass 0 0 0 2 2 0 0
Lactose Clover 0 1 1 1 2 1 0
solution
967 Ryegrass 0 0 0 0 1 0 0
Lactose Clover 0 1 1 1 1 0 0
solution +
Kcl370  Ryegrass 0 0 0 0 0 0 0
Lactose Clover 0 0 1 1 1 0 0
solution +
KCla21  Ryegrass 0 0 0 0 1 1 0
Lactose Clover 0 1 1 2 2 2 0
solution +
Kcls7e  Ryegrass 0 0 0 2 1 2 1
Lactose Clover 0 1 1 1 2 1 0
solution +
Kclo93  Ryegrass 0 0 0 0 1 2 0

- = Very strong burning

= Strong burning

= Moderate burning
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5.5.5.2 Weather at time of main experiment, block 2.

On day one and two the weather was cool, rainy and windy. On day three and four
it was overcast and cool. On day five and six the weather was warm, raining and

windy. On day seven, eight and nine the weather was cloudy.

5.5.5.3 Effluent composition applied on main experiment, block 2.

The pH, total calcium, nitrite-N, nitrate-N, nitrate-N + nitrite-N, and dissolved
reactive phosphorous present in all of the effluent solutions remained similar
despite the addition of KCI and lactose solution (Table 5-9). Total dissolved solids,
total potassium and chloride was higher in treatments with added KCI compared to
effluent only (Table 5-9).

The electrical conductivity was higher in all treatments containing added KCI
(Table 5-9). The ESP was lower compared to effluent only in all KCI treatments

due the increased in potassium (Table 5-9).

All treatments with additional lactose solution were higher in total sodium, sodium
absorption ratio, total sulphur, total nitrogen and sulphate (Table 5-9). The electrical
conductivity, total magnesium and total TKN were higher in lactose solution and
lactose solution + KCI treatments (Table 5-9). The ESP was lower compared to
effluent only in treatments KCI + lactose solution as the lactose solution has a

stronger mineral content (Table 5-9, Appendix 8).
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Table 5-9. Main experiment; Block 2 effluent composition.

KCI +
Effient Compasition I, SUSTL Kot koG KOITeT kolsor B SR solution 766 solution 067" e KOlbadoe KO Lo Lactoe
solution 370* 093*
pH 45 6.6 4.4 4.4 4.4 4.4 4.3 4.6 4.8 5.1 42 45 4.8 4.7
Electrical Conductivity (mS/m) 1,196 9.4 2,570 5,480 3,010 6,350 1,590 1,913 2,350 2,560 1,947 2,480 3,690 4,160
(Tg?zlg)mssowed Sl (T2 16,900 ) 26,000 41,000 25,000 48,000 48,000 74,000 120,000 126,000 31,000 39,000 85,000 101,000
Total Calcium (g/m?®) 870 5.4 760 590 660 690 590 740 890 950 450 760 910 500
Total Magnesium (g/m°) 125 1.87 118 128 106 121 169 220 290 310 123 155 220 240
Total Potassium (g/m?) 1,430 2.8 5,400 15,400 7,700 16,700 2,200 3,000 4,100 4,500 3,700 5,000 9,400 11,300
Sodium Absorption Ratio 11.7 0.7 11.8 12.8 11.4 12.7 21 25 31 34 175 16.5 23 30
Total Sodium (g/m?) 1,390 7.4 1,320 1,310 1,190 1,370 2,300 3,000 4,200 4,800 1,630 1,910 2,900 3,200
Total Sulphur (g/m°) 1,260 1.7 1,140 970 920 1,110 1,900 2,500 3,400 3,800 1,300 1,380 2,200 2,200
Chloride (g/m?) 1010 11.3 5,800 15,900 7,100 19,400 1,570 2,300 2,900 3,400 3,400 5,100 8,900 9,800
Total Nitrogen (g/m?) 280 <6 330 270 330 310 400 650 970 1090 350 410 710 600
Nitrite-N (g/m°) <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10 <0.10
Nitrate-N (g/m?®) 5.6 0.65 5.3 4.8 4.3 5.3 6.5 5.9 5.6 5.8 5.5 5.6 5.3 5.3
Nitrate-N + Nitrite-N (g/m?®) 5.6 0.66 5.3 4.8 4.3 5.3 6.5 5.9 5.6 5.8 5.5 5.6 5.3 5.3
(TEJ‘;:'S)Kje'dah' MHEZEARY) <5 330 270 330 310 390 650 960 1080 340 400 700 590
g;zf;)'ved Reactive Phosphorus 0.004 410 320 310 410 260 340 380 440 220 460 490 350
Sulphate (g/m?) 3,800 6 3,700 3,100 3,100 3,600 6,200 7,800 11,200 12,400 4,500 4,700 7,500 7,700
ESP 31221535 4235832856 17.37299289 7.51663989 12.32394366 7.255971612 43.73455029 43.10344828 44.30379747 45.45454545 27.6130781 24.40894569 21.59344751 2(;'59337 3
Max Burn: Clover 0 2 2 2 3 4 1 1 1 2 1 1 2 2
Max Burn: Ryegrass 1 0 2 2 1 3 1 1 2 1 0 1 2 2

* = measured osmolality of each effluent treatment.
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5.5.6 Effluent properties and maximum burning of clover and ryegrass

In block 2, there were positive correlations (R? > 0.5) between clover burning and
electrical conductivity, chloride and total potassium (Figure 5-40, 5-42, 5-44).
Electrical conductivity, chloride and potassium had a positive correlation (R? =
0.67, 0.6, 0.59) ryegrass burning.
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Figure 5-40. Main Experiment; Block 2: electrical conductivity vs maximum
clover burning.
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Figure 5-41. Main Experiment; Block 2: electrical conductivity vs maximum
ryegrass burning.
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Figure 5-42. Main Experiment; Block 2: total potassium vs maximum clover
burning.
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Figure 5-43. Main Experiment; Block 2: total potassium vs maximum ryegrass
burning.
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Figure 5-44. Main Experiment; Block 2: chloride vs maximum clover burning.
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Figure 5-45. Main Experiment; Block 2: chloride vs maximum ryegrass
burning.

5.5.6.1 Conclusion

Ryegrass burning was moderate in plots treated with KCI 797 and 990 and clover
burning was strong to very strong burning in plots treated with KCI 797 and KClI
990 (Table 5-8). There was minimal burning in block 2 under all other treatments
and burning did not occur until three which may have been attribute to the rain
which diluted the effluent reducing the concentration of ions being absorbed by the
pasture. Electrical conductivity and chloride positively correlated with clover
burning. Ryegrass burning positively correlated with electrical conductivity,

chloride, and total potassium.

124



Field Experiment Methods & Results Chapter 5

5.6 Discussion

5.6.1 Effluent properties and maximum burning

The results from the pilot trial and main experiment were combined where
maximum burning was compared against all effluent properties. There was a
positive correlation between osmolality, total potassium, chloride and the electrical
conductivity when graphed against maximum clover burning (Figure 5-46, 5-47, 5-

48). There was no strong positive correlation between ryegrass burning and effluent

properties.
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Figure 5-46. Pilot Trial + Main experiment - block 1 and 2: electrical
conductivity vs maximum clover burning.
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Figure 5-47. Pilot Trial + Main experiment - block 1 and 2: chloride vs
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Figure 5-48. Pilot Trial + Main experiment - block 1 and 2: total potassium vs

maximum clover burning.

5.6.2 Osmolality

The effluent that caused the most pasture burning generally had a higher osmolality.

In the pilot trial, the three treatments (KCI, lactose solution and KCI + lactose) with

the highest osmolality caused strong to very strong burning. In the main experiment,

block 1 and 2 showed similar burning patterns and intensity. In both blocks of the

main experiment, the KCI treatments with a high osmolality caused strong burning
(KCI 797, KCL 990, KCI 1064). All other treatments in the main experiment

showed slight to moderate burning. The experiment confirmed that the osmolality

of the high strength effluent should not exceed ~450 mmol/kg otherwise moderate

to strong burning will occur (Figure 5-49).
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Figure 5-49. Pilot Trial + Main experiment - block 1 and 2: osmolality vs maximum

clover burning
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As the mean osmolality of the clover was 415 mmol/kg and the mean osmolality of
the ryegrass 535 mmol/kg (Section 4.7) and the results from the experiments
confirmed that osmolality of the effluent should not exceed ~450 mmol/kg, the
osmolality is a good indicator of when pasture burning will occur. If the osmolality
of the effluent exceeds that of the pasture, then a dehydration effluent can occur
where if the osmolality inside the plant cells is lower that the surrounding solution
the water inside the plant cells will move out of the plant (Nabors, 1973, Kowles,
2010). If the electrical conductivity exceeds 1500 mS/m, moderate to severe pasture

burning may occur however, the osmolality is a better measure of burning.

5.6.3 Effect of weather on pasture burning

In both the pilot trial and the main experiment clover was more susceptible to
burning than ryegrass. In the pilot trial, very strong burning occurred on day three.
The weather during the pilot trial was warm and cloudy until day four. In the main
experiment, block 1 was treated one day before block 2. The weather when block 1
was treated was hot and sunny. When block 2 was treated, it rained on day 1 and
day two and three cool and overcast. The difference in the weather between the
treatment of block 1 and block 2 seemed to affect when and how severe pasture
burning was. In block 1, strong clover burning occurred on day one in the plots
treated with KCI 1064. In block 2, strong to very strong clover burning did not occur
until day three in plots treated with KCI 797 and KCI 990. If the weather remained
hot when block 2 was treated, it would be expected that clover burning would have
occurred on day one and would have been more severe. The delay in burning
between block 1 and the pilot trial/block 2 suggests that the heat influenced the

severity and time pasture burning occurred.

Ryegrass burning in the pilot trial and main experiment occurred on day three and
day four however burning was only light to moderate. The difference in weather
did not seem to affect the severity or timing of ryegrass burning. Ryegrass is
considered to be more tolerant to salts than clover (NSW Department of Primary

Industries report, 2017).
Towards the end of the main experiment, the untreated plots became damaged as

an orange rust had spread through the experiments which may account for the

damage to the plots that were untreated.
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5.6.4 Susceptibility to pasture burning

The clover was generally more susceptible to burning compared to the ryegrass.
Crush et al, (2005) confirmed that white clover seemed to be more susceptible to
high sodium and low pH than ryegrass (Rogers et al., 1997). By adding KCI and
lactose to each treatment for the pilot trial and main experiment, understanding if it

was the K*, CI- or other ions that were causing the damage to the pasture is key.

Salt absorption directly through the leaf can damage the leaf surface (Ayers &
Westcot, 1994). A high concentration of CI™ in irrigation water can accumulate in
the leaf causing leaf scorch (Kafkafi et al., 2001). CI" is continually absorbed into
the leaf as long as the surface of the leaf remains wet (Kafkafi et al., 2001) so that
the ions remain in solution for absorption. Injury varies depending on the
temperature, relative humidity and the amount of water present for absorption
(Kafkafi et al., 2001). If evaporation is high, the salt concentration in the leaf will
increase which can cause leaf damage (Kafkafi et al., 2001). Chloride toxicity
commonly occurs at the tips of the plants where injury is seen along the edges and
progresses the more severe the toxicities becomes (Kafkafi et al., 2001).

In both the pilot trial and main experiment, clover was observed to burn at the tips
and strong burning was seen as damage throughout the whole leaf. Ryegrass

burning also occurred at the tip of the leaf.

Excess potassium may also cause toxic effects on both clover and ryegrass. Excess
potassium will cause the stomata to open and water can be lost (Van Brunt, 1998).
Excess nutrients can also be absorbed if the stomata remain open for too long (Van
Brunt, 1998). Both potassium and chloride may be responsible for pasture burning,

each having their own role in plant survival.
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In the main experiment, KCI had a stronger effect on the clover than lactose. The
addition of lactose solution increased the total calcium, total magnesium, total
sodium, total sulphur, total sulphate and organic nitrogen present in the treatments.
It would be assumed that burning would be more severe with the addition of lactose
solution due to the lactose solution being highly concentrated, however severe
burning did not occur in the main experiment. Burning was strongest in the plots
treated with KCI suggesting K™ and/or CI- have a large impact on pasture burning.
Reducing the amount of ions/minerals present in the effluent will lower the
concentration and potentially pasture burning as treatments with high amounts of
lactose solution caused strong burning. Salt tolerant species of white clover have
been recognised (Wang et al., 2010), thus investigation of more salt tolerate clover

species may be an option.

Despite block 2 being treated with progibb and urea to increase pasture growth, the
pasture in block 1 also grew well as the weather was optimal for pasture growth and
the farm had high nutrient levels. As the pasture was green and lush in both block
1 and block 2, determining if new growth burnt more than mature pasture could not
be confirmed. However, observations made by the Fonterra irrigation officers and
the literature suggests that new growth does burn more than mature pasture (Fageria
et al., 2008, Waskom et al., 2010, Penn State College of Agricultural Sciences,

2017, Fonterra Edgecumbe Irrigation team, pers comm, 2017).
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5.7 Summary and conclusion

e Anpilot trial was carried out to determine if pasture burning could be related
to an increase in effluent osmolality. The pilot trial confirmed that an
effluent osmolality above 1194 mmol/kg caused clover and ryegrass
burning.

e The main field experiment was carried out to determine a cut off point for
the osmolality of the effluent to prevent severe pasture burning. It was
suggested that if the osmolality exceeds 450 milliosmoles or the electrical
conductivity exceeds 1500 mS/m, moderate to severe pasture burning may
occur. Electrical conductivity was strongly correlated with pasture burning
(Refer to figure 5-45.).

e Pilot trial showed a strong correlation (R? >0.9) between osmolality and
pasture burning.

e Pilot trial also showed a positive correlation (R?>0.5) between clover
burning and electrical conductivity, total potassium, chloride, nitrate-N,
total calcium, total dissolve solids and nitrate-N + nitrite-N. Ryegrass
burning positively correlated with osmolality, pH, electrical conductivity,
total magnesium, sulphate, total sulphur, total sodium, total nitrogen,
dissolved reactive phosphorus, total kjeldahl nitrogen and the sodium
absorption ratio.

e There was no marked correlation (R%<0.5) between clover burning and pH,
total magnesium, sodium absorption ratio, total sodium, total sulphur,
nitrite-N, TKN, dissolved reactive phosphorus or sulphate. There was also
no strong correlation (R? <0.5) between ryegrass burning and total calcium,
total potassium, chloride, nitrate-N, nitrite-N, or nitrate-N + nitrite-N.

e Ryegrass burning was less severe than clover burning.

e Treatments with added lactose solution burned less than treatments that
contained KCI or KCI + lactose with a similar osmolality.

e Determining if new growth caused more pasture burning was unable to be
confirmed as the pasture in both blocks 1 and block 2 was thriving thus the
addition of progibb and urea to block 2 did not cause a marked difference

in pasture growth.
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e The weather may influence pasture burning where hot, sunny weather may
lead to more severe burning as increased evaporation leaves the salts in the

effluent more concentrated than in overcast weather.

131



Chapter 6

Discussion and Conclusion

6.1 Introduction

Chapter six summarises then discusses the overall results and conclusions of the
previous chapters, as well as the limitations of my research and, recommendations
for both future effluent management at Fonterra Edgecumbe and for further
research to better elucidate the causes of pasture burning. My hypotheses are also

reviewed.

6.2 Summary of previous chapters
6.2.1 Introduction

My thesis investigated pasture burning which was first observed by Fonterra in
Edgecumbe in 1996. Pasture burning is the yellowing and dieback of pasture that
occurs during spring and early summer when high strength effluent is applied to
farms irrigated by Fonterra Edgecumbe. Pasture burning is reported to occur during
each dairying season and within hours to days after the irrigation of high strength
effluent. “Burned” pasture usually recovers within two weeks (Fonterra Edgecumbe

Irrigation team, pers comm, 2017).

6.2.2 Literature review

The literature review identified the following possible causes, and contributors to

pasture burning:

e clover has a lower tolerance to salts than ryegrass,

e high or low pH effluent applied directly to the leaf surface may lead to leaf
damage. Lactic acid production via fermentation of the effluent left in pipes
may lower the pH enough to cause damage to the leaf surface,

e high temperature effluent, if applied to the soil may reduce oxygen and
nutrient up-take,

o if applied to the plant, high temperature effluent may directly damage the

leaves,
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e if the osmolality of applied effluent exceeds that of the plant, reverse
osmosis may occur resulting in dehydration of the plant due to the build up
of the ions in the leaf which draws water out the plant cells,

e high air temperatures and low humidity may enhance evaporation of the
effluent thus concentration the salts in the solution applied,

e harsh UV radiation can reduce the epidermis of the plant leaf causing the
plant to become more susceptible to environmental stressors and potential
leaf burn,

e micro and macronutrient deficiencies can show as damage to the plant
surface where yellowing and die-back can occur, however excess nutrients
such as sodium, potassium and chloride can also lead to dehydration,
yellowing and die-back,

e irrigating on water logged soils will may cause ponding and the die-back of

pasture due to reduced oxygen levels.

6.2.3 Preliminary observations

On-site preliminary observations were carried out to try and narrow down potential
causes of pasture burning at the Fonterra Edgecumbe irrigation sites. Pasture
burning was observed to occur after the application of high strength effluent to
young pasture. Damage to the tips of the leaves which turned yellow and died-back

was observed.

High strength effluent analytical data collected from the 24-hr composite sampler
were analysed from season 2013-2014 through to season 2016-2017 and compared
with analysis of 11 samples of high strength effluent collected in the field from
Awaroa farm, Rowlands farm, and McDonalds farm. Field samples of effluent
varied in effluent composition from run to run. Short term continuous monitoring
also showed that the effluent varied more than is captured in the daily in the 24-hr

composite sampler data.

The 24-hr composite sampler data had a similar composition to the effluent samples
collected from the farms where the pH was low (~4), the amount of total dissolved
solids ranged between 14,000 and 19,000 g/m?, total calcium ranged between 980
g/m? and 1,500 g/m?, total potassium ranged between 1,500 g/m® and 1,700 g/m?,
total sodium was around ~1,400 g/m?, TKN ranged from 200 and 400 g/m® and
dissolved reactive phosphorus was around 400 g/m?®.
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Field samples were sometimes lower, or higher than the data from the compost
sampler. For instance, one sample from Rowlands farm contained only 6,600 g/m?
of total dissolved, 540 g/m? of calcium, 690 g/m? of potassium, 700 g/m? of sodium,
95 g/m3 TKN and 22 g/m? of dissolved reactive phosphorus which is about half the

amount of ions compared to the 24-hr composite sampler data.

Continuous monitoring of effluent electrical conductivity, pH and temperature from
the 6" to the 21 of December 2016, in the sampling shed, showed that the effluent
did spike in electrical conductivity (49 to 151 mS/cm or 4,900 to 15,100 mS/m)
during the day which was not captured in the 24-hr composite sampler. There was
a large spike in electrical conductivity on the 7" of December 2016 reaching 5000
mS/cm (50,0000 mS/m) showing that the effluent does vary more than is detected
in the composite samples. The 24-hr composite data ranged in electrical
conductivity between 1,100 to 1,300 mS/m which is lower than that recorded using
continuous monitoring probes. The temperature varied between 20 and 60°C with
no obvious diurnal pattern. The pH spiked between 4 and 12. The pH spiked high
when CIP’s (cleaning in place) occurred. The continuous monitoring data from the
Awaroa outlet on 10" to the 13" of February 2017 showed similar results to the
continuous monitoring data which was recorded in the sampling shed. The
temperature ranged between ~35°C and ~55°C and the conductivity ranged between
~40 mS/cm to ~85 mS/cm (4,000 mS/m to 8,500 mS/m) however, no large spikes

were recorded.

Field operator observations recorded 38 pasture burning events between 14" of
September 2016 to the 10" of December 2016. There were no obvious patterns

related to pasture burning occurrences.

The weather data, when graphed against irrigation events, did not show a pattern
when temperature, rainfall, humidity, wind speed, wind direction or solar radiation

were compared with pasture burning events.

Osmolality may be a good indicator of pasture burning. Osmolality measures the
amount of solutes present whereas electrical conductivity measures only the ions
present in a solution. As the effluent contains many different solutes, measuring the
osmolality may provide a better overall picture of the potential impact of the

effluent on the pasture.
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If the osmolality of the effluent exceeds the osmolality of the pasture, pasture
burning may be able to be predicted and therefore adverse burning could be

avoided.

Measures of the osmolality of fresh clover and ryegrass (400 - 500 mmol/kg and
500 - 600 mmol/kg) and burned clover and ryegrass were higher than that of the
high strength effluent (202 — 233 mmol/kg). Both burned clover and ryegrass had a
higher osmolality than fresh clover and ryegrass and the effluent. However, it is

possible that where spikes in effluent occur, higher osmolarities are experienced.

6.2.4 Field experiments and results

A pilot trial was undertaken to test whether an effluent with a high osmolality could
cause pasture burning. Effluent was spiked with KCI, lactose, or a mixture of KCI
and lactose, to increase the osmolality. The osmolality of the effluent before the
addition of KCl and lactose varied from 172 — 266 mmol/kg. The effluent solutions
used in the pilot trial had a low pH (~4) and a high concentration of total sodium in
treatments that contained high amounts of lactose (lactose 1406). The SAR and ESP
(>25%) of the effluent was high also. The pilot trial supported the hypothesis that a

solution with a high osmolality caused severe pasture burning.

A further (“main”) experiment was carried out to try to determine the cut-off point
of osmolality in terms of burning, and to test whether new growth was more
susceptible to burning compared to mature pasture. The main experiment had
similar effluent compositions to the pilot trial and showed similar burning results
to the pilot trial where the effluent with the highest osmolality caused the most
severe burning, though the correlation was not as strong as that of the pilot trial.

When the pilot trial and main experiment results were combined, clover burning
positively correlated with electrical conductivity, chloride, total potassium and
osmolality (Figure 6-1, 6-2, 6-3). Ryegrass burning did not correlate with any

effluent properties.
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Figure 6-1. Pilot Trial + Main experiment - block 1 and 2: electrical
conductivity vs maximum clover burning.
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Figure 6-2. Pilot Trial + Main experiment - block 1 and 2: chloride vs maximum

clover burning.
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Figure 6-3. Pilot Trial + Main experiment - block 1 and 2: total potassium vs

maximum clover burning.
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Determining if new growth burned more than master pasture was not successful as
the weather and soil nutrient conditions were optimal for pasture growth thus the
pasture was growing near optimal levels on both treatments. Crown rust damage

may have caused burning to look worse than it was.

It was concluded that if the osmolality exceeds 450 milliosmoles or the electrical
conductivity exceeds 1500 mS/m, moderate to severe pasture burning may occur.
Electrical conductivity was strongly correlated with pasture burning (Refer to figure
5-45.).

6.3 General Discussion

6.3.1 Effect of osmolality on pasture burning

The pilot trial and main experiment showed that as the osmolality of the effluent
increased, the severity of pasture burning increased (Figure 6-1). Clover burned
more than ryegrass which may be due to clover’s broad leaves and lower tolerance
to salts (Agriculture Victoria, 2015). In blocks one and two, very strong burning
occurred when plots were treatment with KCI solutions with the highest
osmolarities. However, strong burning occurred in plots treated with both lactose

solution and lactose solution + KCI treatments also.

Electrical conductivity of the effluent may also be a good indicator of potential for
pasture burning however, the osmolality of the effluent would be a better
measurement of potential pasture burning as ions as well as sugars and other
molecules are accounted for. Electrical conductivity is somewhat simpler to

measure and an automated system could be more easily adopted for standard use.
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Figure 6-4. Pilot Trial + Main experiment - block 1 and 2: osmolality vs maximum
clover burning.
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6.3.2 Effluent composition and properties that correlated with pasture burning

Fonterra Edgecumbe produces low strength, medium strength, and high strength
effluent. Medium strength effluent, which is irrigated at the Omehue end of the
irrigation scheme contains low amounts of milk minerals and more ‘cleaning in
place’ chemicals compared to the high strength which has a higher amount of milk
minerals and a lower amount of cleaning chemicals.

The medium strength effluent does not generally cause problems with pasture
burning. Fonterra Edgecumbe’s high strength effluent has high sodium, potassium,
sulphur, chloride, magnesium and sulphate concentrations as well as a high
electrical conductivity and total dissolved solids in regard to levels stated by State
Government of Victoria (1997), Watkins and Nash, (2010), Tikariha and Sahu,
(2014), and Smart-fertilizer (2016). The effluent is moderately salty (Prince, 2016.).

In the pilot trial clover burning positively correlated with osmolality, electrical
conductivity, total potassium, chloride, nitrate-N, total calcium, total dissolved
solids and nitrate-N + nitrite-N. Ryegrass burning positively correlated with
osmolality, pH, electrical conductivity, total magnesium, sulphate, total sulphur,
total sodium, total nitrogen, dissolved reactive phosphorus, total kjeldahl nitrogen
and the sodium absorption ratio. However, in the main experiment, clover burning
only positively correlated with electrical conductivity, exchangeable sodium
percentage, total potassium and chloride and there were no strong trends (R? > 0.5)
between block 1 effluent properties and ryegrass burning. In block 2, there were
positive correlations (R? > 0.5) between clover burning and electrical conductivity,
chloride and total potassium (Figure 5-40, 5-42, 5-44). Electrical conductivity,
chloride and potassium had a positive correlation (R? = 0.67, 0.6, 0.59) ryegrass
burning. Table 6-1. shows the range of each effluent property for which strong to

very strong burning occurred for clover and ryegrass.
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Table 6-1. Range for each effluent property through which strong to very

strong burning occurred for clover and ryegrass.

Effluent Composition

Range for which strong to very strong
burning occurred for clover and ryegrass

pH
Electrical Conductivity (mS/m)
Total Dissolved Solids (TDS) (g/m?)

Total Calcium (g/m?)

Total Magnesium (g/m?)

Total Potassium (g/mq)

Sodium Absorption Ratio

Total Sodium (g/m%)

Total Sulphur (g/m?)

Chloride (g/m?3)

Total Nitrogen (g/m?)

Nitrite-N (g/m®)

Nitrate-N (g/m?3)

Nitrate-N + Nitrite-N (g/m®)

Total Kjeldahl Nitrogen (TKN) (g/m®)
Dissolved Reactive Phosphorus (g/m?)

Sulphate (g/m®)
ESP

4-44
3,010 - 7,250

25,000 — 169,000

490 - 1,460
106 - 840
6,000 - 20,000
11.4-20
1,190 — 7,300
920 - 6,000
4,200 — 22,000
270-1,300
<0.10
43-85
43-85
260 — 1,300
240 - 670
3,100 — 21,000
55-47.6

Many of the effluent properties measured are interconnected where as one effluent

property increases, another effluent property increases. The electrical conductivity

will increase in regards to the amount of ions present. If potassium is added, the

exchangeable sodium percentage (ESP) will decrease. The sodium absorption ratio

increased when lactose solution was added to the effluent as the lactose solution

contains a higher concentration of Na* than other effluent streams. When lactose

solution was added to the effluent treatments, the amount of total calcium, total

magnesium, total sodium, total sulphur, sodium absorption ratio, TKN, sulphate

and ESP increased.
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6.3.3 Salinity of the effluent

In terms of clover and ryegrass salt tolerance, Agriculture Victoria (2015)
determined that the salinity of the irrigation water must be <3.00 dS/m to prevent

salt damage to clover and ryegrass (Table 6-2.).

Table 6-2. Tolerance of different plants to salt (Agriculture Victoria, 2015.).

Salinity of

N Plants that will be damaged
irrigation water

0t00.75dS/m  Will cause damage to clovers: white, red,cluster, suckling, subterranean

0.75t0 1.5dS/m  Will cause damage to: balansa clover, persian clover, strawberry clover,
Berseem clover, lucerne

1.51t03.00dS/m  Will cause damage to: sorghum, tall fescue, phalaris, perennial ryegrass,
cocksfoot, wimmera ryegrass, crested wheatgrass, barley (hay), wheat, reed
canary grass, paspalum.

3.00 to 5.00 Will cause damage to: tall wheatgrass, puccinellia, bermuda grass, barley
dS/m (grain), saltwater couch, salt bush

To calculate the approximate salinity of the effluent solutions used in the pilot trial
and main  experiment, an online  salinity  calculator  from

http://chemiasoft.com/chemd/salinity_calculator was used (Table 6-3.).

Table 6-3. Average salinity of effluent from the pilot trial and main experiment.

Effluent Solution (~40°C) Electrical conductivity (us/cm) Salinity
(dS/m)

Effluent Only (Pilot trial) 10310 6.776

Effluent Only (Block 1) 11660 7.735

Effluent Only (Block 2) 11960 7.949
KCI 400 (Pilot trial) 27100 19.309
KCI 1200 (Pilot trial) 72500 57.616
Lactose solution 400 (Block 1) 15780 10.722
Lactose solution 1000 (Block 1) 25200 17.834
Lactose solution + KCI 400 (Block 2) 19470 13.465
Lactose solution + KCI 1000 (Block 2) 41600 30.938
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Based on the online calculator salinity results, the salinity of the effluent was very
high (Table 6-1;6-2) and would be expected to cause damage to both clover and
ryegrass. The effluent alone caused only slight to moderate burning (level 1 and 2)
of the clover in the pilot trial and main experiment. Ryegrass, however did not burn

when effluent only was applied.

The salt tolerance of clover and ryegrass may have increased over the years as
effluent application to land in the Edgecumbe area has occurred since 1996. A study
completed by Rogers et al., (1997) showed that clover can adapt to high saline
conditions, where NaCl can be excluded from the shoots. As clover reacted strongly
to potassium and/or chloride, a high concentration of salts may relate to pasture
burning where dehydration due to an increase excess ions in the leaf can cause tip
burning leading to osmotic stress, especially with young growth (Lauchi & Epstein,
1984, Sonon et al., 2015).

Clover may not have developed salt-compartmentation mechanisms that enable the
controlled uptake of ions (Lauchi & Epstein, 1984) thus large amounts of salt
present in the effluent may cause ion toxicity (Lauchi & Epstein, 1984). Wu et al.,
(2017) state that ryegrass seedlings can become salt stressed when treated with 250
mM NaCl. An increase in Na* concentrations caused a decrease in K*, Ca?* and
Mg?* thus high levels of Na* present in the ryegrass could create osmotic stress (Wu
etal., 2017).

6.3.4 Clover and ryegrass tolerance to chloride

Chloride is also known to have toxic effects in plants if it accumulates in the older
leaves resulting in “burning” where the tips turn brown and die back (Ayers and
Westcot, 1994; Agriculture Victoria, 2015; Prince, 2016; smart-fertilizer 2016;
College of Agriculture and Natural Resources, 2017.). The chloride content of the

effluent may be a factor in the observed pasture burning.

The amount of chloride in the effluent, apart from effluent only, lactose solution
370 (pilot trial), lactose solution 356 (block 1), lactose solution 365 (block 2) was
high (above 1925 g/m?®) (as defined by Spectrum Analytic Inc, n.d.) thus moderate

to very strong burning may have been the result of the chloride content.
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6.3.5 Soil properties

Changes in soil properties due to effluent application may affect the growth of
plants (Delgado & Gomez, 2016). As pasture burning within one to four days after
irrigation as patches or strips, changes in soil properties as a cause of pasture
burning was initially ruled out. However, the level of salts in the soil on Reeves
farm (which is irrigated by Fonterra) is high in potassium (2.14 me/100g) and
sodium (0.85 me/100g) (Analysis by Hills Laboratory, 2017.). Additional salts
applied through irrigation could cause the soil salt levels to increase causing reverse

osmosis in the roots and thus dehydrating the pasture (Prince, 2016).
6.3.6 The role of weather in pasture burning

The weather was thought to play a role in pasture burning. Hot weather can cause
rapid evaporation so the salts in the effluent concentrate on the leaf surface. Leaf
burn may be related to high wind and low humidity (Krogmeier et al., 1989; Prince,
2016.). During the pilot trial it did not rain and stayed sunny throughout the whole
experiment. However, during the main experiment it started to rain lightly and
cooled down on day two and three. During the pilot trial the ryegrass started to burn
two days into the experiment compared to the main experiments where ryegrass
started to burn three or four days into the experiment. The delay in burning of the
ryegrass between the pilot trial and main experiment may have been a reflection of
the weather where the prolonged hot weather during the pilot trial contributed to
higher evapotranspiration rates thus high salt concentrations in the leaf compared
to the main experiment. As the temperature starts to increase and the humidity
decreases, the absorption of nutrients through the plant leaves increases because of
slow drying conditions (Latimer, 2015.). The rain may have also washed the
effluent off the leaf surface, or diluted the effluent thus reducing burning of the
ryegrass. The clover, compared to the ryegrass, seemed to be more sensitive to salts
overall meaning burning occurred faster and was more severe. Washing down the
pasture after irrigation was suggested to reduce pasture burning as the effluent

becomes diluted or less is absorbed directly through the leaf.
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6.3.7 Age of pasture

Anecdotal evidence suggested that new young growth may be more susceptible to
pasture burning. Fageria et al., 2008 and Waskom et al., 2010 also suggested that
young new growth can be sensitive to salts and other ions in high concentrations.

A high salt concentration present in young plants can cause dehydration, and
therefore tip burning (Sonon et al., 2015). While we attempted to test the hypothesis
that new growth burned more than mature pasture by stimulating new growth, our
experiment was not successful as the weather was optimal for pasture growth during

the main experiment.

6.4 Limitations of the research

Many limitations of this project have been recognized. The pasture burning event
record could have been more accurate when determining the severity of pasture
burning. The visual damage scale used in the pilot trial and main experiment should
have been given to the irrigation officers so that a more accurate comparison of
pasture burning could be made. The weather data collected from the Bay of Plenty
Regional Council website may have varied from that at the effluent irrigation sites.
To gain an accurate measurement of the weather, field weather assessments of
rainfall, temperature, humidity, wind speed, and wind direction should have been

taken to ensure the weather was accurate.

The experiment did not have replications of each treatment due to practical

constraints.

The watering can used to apply the treatments to each plot was difficult to use in
that some effluent spilt as it was being poured into the watering can. However, the
amount of effluent spilled would not have been enough to affect the experiment. To
ensure no effluent solution is spilt if this experiment is repeated a funnel could be

used to accurately pour all effluent solutions into the watering can.
The KCI added to the effluent did not dissolve fully before the effluent was applied

to the plots thus highly concentrated KCI solution may have been applied and not

evenly spread across the whole plot.
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However, all plots that had an effluent solution spiked with KCI and KCI + lactose
solution show the same pattern thus un-dissolved KCI did not seem to impact

burning.

To ensure the KCI is dissolved, heating the effluent and constantly mixing the
solution should be done if this experiment is to be repeated. In block two the lactose
solution + KCI 421 solution should have been closer to 600 milliosmoles to better

test the range of osmolality.

During the preliminary investigations, | collected data using two YSI. However,
while collecting the data from the sampling shed, the Fonterra YSI was removed
and the council YSI probe was used. The council YSI probe was then taken out and
the Fonterra YSI was put back in. Alternating between the two YSI probes should
not have been done and both probes should have been run at the same time to ensure
the probes gave similar readings. By removing the Fonterra YSI probe, large spikes
were missed and valuable data may have been lost.

The effluent irrigated by Fonterra has a high salt content. The high salt content
means that when the effluent is sent into holding tanks before it is irrigated
stratification may occur where the dense cold salty effluent may settle at the bottom
of the hold tanks. The dense cold salty effluent may then be irrigated causing a spike
in salty effluent to be applied to the pasture. Installing an agitator in all effluent
holding tanks could prevent the potential for stratification. Monitoring the holding

tanks for stratification should be part of future investigations.

The pH of the effluent was considered as a cause of pasture burning. A solution
with a low or high pH may damage the outer layer of a leaf (Haines et al., 1984;
Sant'/Anna-Santos et al., 2006). A study carried out by Crush et al., (2005) on
pasture burning at Fonterra Edgecumbe showed that an effluent with a pH 2 or less
will burn. However, during the preliminary investigations of this project, the
effluent was found to have pH of ~4 and seemingly did not reach a pH of 2. As the
pH of the effluent did not reach a pH of 2. The pH was not included as a variable

in my experiments.
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The effluent Fonterra irrigates contain high amounts of lactose solution which can
further be broken-down to produce lactic acid (Bylund, 2015). If enough lactic acid
Is produced, the pH may become low on some occasions contributing to burning.
Lactic acid production should be monitored by sampling in the field at time of

effluent application.

6.5 Review of hypotheses

My data supported, but did not unequivocally prove the hypothesis that: “when

effluent with a “high osmolality is irrigated “pasture burning” occurs”.

A range of effluent osmolarities were tested to determine a limit above which
pasture burning occurred. In the pilot trial, the effluent solutions with the lower
osmolality, lactose solution 370, KCI 501 and lactose solution + KCI 464, caused
minimal burning to the clover and ryegrass. However, the solutions with the highest
osmolarities, lactose solution 1406, KCI 501 and lactose solution + KCI 1311,
caused severe burning to the clover and some burning of the ryegrass. In the main
experiment, the results were similar to the pilot trial where the effluent solutions
with the higher osmolarities (>797 mmol/kg) burned more severely than lower
osmolarities. The clover that was treated with >KCI 797 caused strong to very
strong burning. Ryegrass burning was not as severe as clover burning even when a
higher osmolality effluent was applied. The osmolality positively correlated with
clover burning (R? = 0.53) and thus can support this hypothesis.

The second hypothesis that “new growth is more susceptible to “pasture burning”
than mature pasture” could not be accepted or rejected. The application of progibb
and urea failed to markedly increase pasture growth compared to the block without
progibb and urea. As the pasture growth was excellent on both blocks due to
plentiful nutrient availability and warm wet weather when the experiment was
carried out, there was no marked increase in new growth due to application of urea
and progibb. Though the hypothesis that new growth is more susceptible to pasture
burning was not proven in this experiment, anecdotal evidence suggests that as
pasture burning occurs mostly in spring that new growth could contribute to

susceptibility of pasture to burning.

145



Discussion and Conclusion Chapter 6

6.6 Recommendations for future research

There is still much work that needs to be done to clarify the causes of pasture

burning, including:

Osmolality as an indicator of pasture burning needs to be researched more
where more measurements of the osmolality of pasture and effluent need to
be taken,

determining the properties of effluent when burning occurs; collect effluent
samples before, during and after as many irrigation events as possible which
should then be frozen. If burning occurs, the frozen samples can be sent
away to measure the osmolality, electrical conductivity, total dissolved
solids, Na*, K*, Ca?*, Mg®", CI;, total sulphur, total nitrogen, TKN,
dissolved reactive phosphorous and sulphate. The more samples that are
taken the better the record will be of effluent variability in the field,

using a chlorophyll fluorometer before and after the plants become burnt
will determine how stressed the plant is after irrigation,

investigate potential for salt-tolerant strains of clover and ryegrass.

6.7 Recommendations for future effluent management

Place conductivity and pH probes at the outlet of each effluent line after the
effluent leaves the holding tanks so any spikes in the effluent can be
identified. Crush et al., (2005) stated that the pH of the effluent should not
drop below 2. The electrical conductivity of the high strength effluent could
be a general measure of pasture burning and ideally should not exceed 1500
mS/m if strong burning is to be avoided. If the high strength effluent exceeds
1500 mS/m, the effluent should be recirculated through the holding tanks to
re-mix and lower the concentration of the “spike” if so.

Installing an agitator in all effluent holding tanks could prevent the potential
for stratification. Monitoring the holding tanks for stratification should be
part of future investigations.

The effluent could also be diluted or further treated to create a lower strength

effluent.
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6.8 Summary and Conclusion

e My thesis investigated the causes and potential solutions of pasture
burning on farms that Fonterra Edgecumbe irrigates with highs strength
effluent.

e Preliminary data collected pH, temperature, and electrical conductivity
data from the high strength effluent in the Awaroa line and Awakeri line.
Results showed that the high strength effluent does vary in terms of pH,
temperature and electrical conductivity on an hourly scale.

e A pasture burning record to document all burning events and their severity
was also collected. However, no clear pattern as to when and why pasture
burning occurs could be concluded.

e Samples of effluent collected from the irrigation sites varied in effluent
composition in the field from run to run and short term continuous
monitoring also showed that the effluent varied more than is captured in
the daily in the 24-hr composite sampler data. No specific cause of effluent
variability were identified.

e Literature suggested that if the osmolality of the effluent is higher than the
plant cell osmolality, pasture burning will occur. An effluent with a high
osmolality may lead to dehydration of the leaf by drawing water out of the
plant or osmotic shock may occur due to a build-up ions in the plant leaves
resulting in a toxicity.

e Fresh clover and ryegrass (400 - 500 mmol/kg) had a similar mean
osmolality compared to burnt clover and ryegrass (500 - 600 mmol/kg).
The high strength effluent had a lower mean osmolality (217 mmol/kg)
compared to fresh and burnt clover and ryegrass. If the effluent spikes, the
osmolality of the effluent may exceed that of the pasture.

e A pilot trial was designed to test if pasture burning correlated with an
increase in osmolality. A main experiment was then designed to determine
a cut off point for the osmolality regarding the severity of burning,

e When combing the results of the pilot trial and main experiment, clover
burning positively correlated with electrical conductivity, chloride, total

potassium and osmolality (R? >0.5).
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e In the pilot trial, ryegrass burning positively correlated with osmolality,
pH, electrical conductivity, total magnesium, sulphate, total sulphur, total
sodium, total nitrogen, dissolved reactive phosphorus, total kjeldahl
nitrogen and the sodium absorption ratio. However, in the main
experiment ryegrass burning did not correlate with any effluent properties.

e The pilot trial and main experiment showed that as the osmolality of the
effluent increased, pasture burning also increased — more specifically the
white clover.

e My data supported, but did not unequivocally prove the hypothesis that:
“when effluent with a “high osmolality is irrigated “pasture burning”
occurs”. The second hypothesis that “new growth is more susceptible to
“pasture burning” than mature pasture” could not be accepted or rejected.
The application of progibb and urea failed to markedly increase pasture
growth compared to the block without progibb and urea. However, the
literature and anecdotal evidence suggested that young growth can be more
susceptible to burning.

e Hot weather may influence burning where more severe burning occurred
when it was hot and dry, potentially due to increased evapotranspiration,
and thus an increase in the concentration of the effluent.

e The osmolality may be a stronger indicator of pasture burning than
electrical conductivity. My data suggests that the osmolality of the effluent
should not exceed 450 mmol/kg and the electrical conductivity of the
effluent should not exceed 1500 mS/m.

e Further research to determine the relationship between osmolality, weather
at time of application and occurrence the of burning is required to see if

osmolality is a more useful indicator.
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Appendix 1

Fonterra Edgecumbe Resource Consent 65800-AP

22

2.3

31

3.2

a3

Consent Mumber: 5800

Bay of Plenty Regional Council
Resource Consent
Bursuant o the Rescuroa Management Act 1987, the Bay of Plenty Reglonal Couneil,

by & desision datsg 21 Dncember 2009 and smended by the Environment Court, by a
decaion dated 1 Aprl 2010, Hereby Grants o

FOMTERAA LIMITED

et FOSTERRA CO-OPERATIME-GROUPLONTED

A resource consand under Bhe Resource Manapement Act 1881 1o underiake a discrationary
actily being to Discharge Treated Dairy Manufacturing Wastewater to Land

and undertake the associated Discharge of Contaminants to Air subjec to
the Tollowing cefinkans and condions:

Definitions
For the piapase of this cansent e Rollgwing definiticns apply:

Bufier zanes: An ares estabished around an sciiily (in s case
irrigaition} io seperale ie anvionment beyond the buller
Fone from the advarss affacts of thal sctivily, The buffer
rome s measwed Fom e edge of the spray-zone and

nod tha position of the imigaler.

rigation avent An imigation event is the perod of Gime over which

. wastawater is irigated on a particuisr disposal ared willin
@ ainple rofafion period. Ar irigalion evand fasls v bo 3
diays using in-ground irigation.

Rigarian margins: A strip of land adiscent fo he bed of a stream, river, lake
e o or wedland, which conlitutes o may caoniribule o the
maintenance and enhancement of Uhe netural funchioning,

qumlily and characiar of e sirearn, river, lake of wetland.

Surface waler body: Means freshwatar in a fiver, ioke, stream or pond, This
imcluges  modified  walefcourses  and  infermillent
WalerCOUTSEE.

Year From 1 Juna fo 31 May inclvsive

Infiltration capacily: The rate al wihich witter evifers e sol

Fiell capagity: The moisture condenl of & soil when free dralnage

Jmnediately affer a rain ar ivigation has virually sfopped
it ig & measure of the mamum amount of waler & sof
wan redain against e foroe of grawdy

Consent Humber: 65800

Purposa

Ta discharge treated wastowaler from the Edgscumbe dairy manufacturing plant 1o
kand and the associated diachanga of contaminants (including edour) 1o air,

Location of Discharges

Madum siranglh wastewatar shal be irmgated omie the land described in Schedule 1

[Schadule of Imigation Froperes — medium strength wesiewater] and shown on
BOPRC BSBO0NM.

High strength waslewatar shall be imigated onto the kand described In Schedule 2

{Schedule of lmigation Properies — high strenglh waslewales) and shown on BOPAC
B5E0012.

Truck spreading of ether high strenglh or medium strength wastewater shall be
undartaken on farmland within the Rangitaiki Plains.

Notification Requirements

Within two wesks of the commancement of thie corsend, the consent holder shall
prowide 1o the Bay of Plenly Regional Council dalais of who = responsaible for irgation
managament and complance with consent conditions and their contact details [ses
Advice Mobes 1 and 20 If the parsan responsible for the imgation systems changas
turing the term of this cansent, the congant holdar shall notity the Councl of the new
datails no later than free worong days after that parsands) ke responsibiily.

The consent holder shall nolily e Bay of Plenly Regional Council of proposed
additions 1o the imgation areas or wastewater storage facilities auvihorsed by this
consant (868 Advice Mowes 1, 3 and 4), This natification shall occur price 1o the
commmizsioning of any rew aress of rigation or new slorage facilgies not already
authorisad by this consenl, and shall inchide the tollowing infonrmaticn;

a) A mag cheary showing the propesed irigation area - Imigation aress only;
b}  Thaimigable area (ha) - erigation areas only;

c)  Legsl description|s];

o} The curmant IBnd Ovwnars;

e} The lype of westewaler thal wil be irigated or stored; and

fl Tha irigation or siorage system fo be uvead.

The consant holder shall nobfy tha Mumares (lardesrers 87 Angle Rosd, RD 3,
‘Whakatana) el least B hours prior to the commaencemant of wastewater imgation within
padidacks immedialely adoining Usir proparty.  The consant nodder shall use “bast
endeavours” 1o ensure thal the said molice of the commencamant of imigallon &
reneived.
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4.2

4.3
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4.5

4.8

47

48

SEE CHANGE 2 83

SEE CHARGE 2 &3
SEE CHANGE

49

410

41

SEECHARDE 3

5.1

Consent Number. 86800

Quantity and Rate
Medium Strength Wasicwater krrigation Systems

Thea rabe of epplication using canbra pivod imgation systams shall nod excesd 15 mm per
pass.

The rate of spplication wsing in-ground eprinkler syetams, pod Frigation systems or
long lateral irigation sysiems shal nol sxcsed 60 cubic meires per haclar per hour.

The maximum wolume apphed owar an Irrigaic-n- aren during amy imgation event usng
canbra pivel irigafion systems, in-ground sprinkler syslems o long kBleral Frigation
sysems shall not exoned S0mm,

High Strength W, I lan Sy

The rate of application using traveling irigaiors shall not exceed 18 mm per irfigalion
avent

Truek Spreading of Wastewater

Tha rate of application using truck disposal shall nol exceed 50 cubic melres per
heactare par application.

Any mrea recanving wastswasler by truck disposal shall be rested for @t least a 10-day
pariod, ar longer, betwesen applcatiors unless olharaise agreed in writing by tha Chief
Exacutive of the Bay of Plarty Regional Coundl o dalegate

Within any area recehing wastawaber by inipation, the mium cycle, beng the pariod of
an irgation event b tha firgt day of tha next irmigation event, shall not ba lass than 14.
days {unless otherwise agread in witing by the Chief Executive of the Bay of Planty
Regional Caunel ar delegate),

The maximum nilrogen loading rata for thoss proparies receiving medium sirangth
wastewabar (ideniified in Schedule 1 to ihis consent) shall nol excead the Tollowing
nitrog ean limiks:

Pariod Annual limit
Prioe ta 1 July 2010 B0 kghibyear
1 July 201040 30 Jure 2046 2018 550 kgihatyesr
From 1 July 3646 2018 400 KgnEYaBr
o Bivies Aek-14

The maximum nitregen loading rate for those properies recaiving high sirength
wastewater (depified in Schedule 2 1o this consent] or waslowsinr applicd by truck
shall not excaed 150 kghihalyess.

The maeimum phospharus loading rate for thosa propertios receiving high strength
waglawaler (ideniified in Schedule 2 1o this congsent) or wastewater applad by truck
shall nol excesd 200 kgPihaltyaar.

Consent Mumber; 65800

The Omehey farm and Brophy blods properlies listed in Schedule 1 onio which
medium strenglh waslewaler is irigatad shal only ba used lor drysbock famming and cut
and cary pasiuore operations. The cut and camy pasiue shall be eaported from the
propertas,

Irrigation Management

The consem holder shall prepare and submil updated versions of the Medium
Strangth Waste Water |rrigation Management Plan (submitted as .lpperﬂ.u ln1hn-
application), High Strength Awarea and Omeheu Fariiliser lrrig

Management Plan [submilied as Appendia § 1o the application) and Trutck m
of Wastewater Management Plan [submitied as Appandix 6 o the appication), io the
Chiaf Executive of the Bay of Planty Reglonal Councll or delegate for approval within
three monlhs of e commencamant of M consenl. Thesa Flane ehall ba conaistent
with the conditions: of this consent (sse Advice Nole 1) and shall be revised 1o include
thay faliowing:

a) ety key persannel and contact addresses/mumbens — inchuding the follawing
parsans when applicable:

1. Sits manager

2. Erwironmental manager.

)] Clﬂer dentificalion on a map of plan of the draing and wabarcoursss in thB
dizposal aress, paddocks with sub-sukace drainage and
um used for dairy farm effuent migation so that appropriate mmq;ament
procedures can be undaraken to avokl contamination of surface water by
wasleaaler,

g} Clear igantfication an a map or plan of properies potentially affected by odour ar
sprap-0il efects, 80 Whal BPRCERENE  Managament procedures can be
unidertakean b avoid such effects;

d}  Maps of &l the imgation supply pipa-sark inchidng on-fam pips Eyout, hydrants
idenltificalion of all pipe crossings and e localion of all isckalion vales,

8} Prosisions for monkoring and recording application rates o ensure the relreant
congent rsquinaments ane being me;

fi  Mairenance procedures and pr inchudirg identif of #ems critical
to the aparation and comect appleation of wassawater snd how and &t what
Freguency monilonrg wil be updertaken 1o verly the Blagrily of the pipelines,
canal crossings, fam Eolation valves, sharage and
asscciated Imgation eguipment;

gl Conlingency measures in the event of Frigalion equipment or pipalne Tailure:

hl  Procedures for pudBing set-up and operation of the imgation systams 1o assess
oompliance with e condilions of Lhis conaenl,

i} Procaduras far raviewing the overall system parformance = incuding frequency
of reports to the Bay of Planty Regional Councl regarding complaint frequencies

and site upgrades;

if] Complaint and incident recording and nvessigation procaduras;

kI Staf frairing proced fhods, frequency and how rescrds wil be
mairdained;
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Consant Mumber: 65800

)] A descrgtion of the main polential sources of cdour emission, a descripion aof
any adour mitigation massures and identfication of aperating procedures and
parameters thal nead o ba controlled 1o minimise amissions (in particutar o
include the maflers lssed in the further informalion received by lefler on
1 Dctabar 2008, which farms part of the application);

m) A sampling programme and procedunes that mesal b requiremeants of conditions
listed undar sactions 8, 5. 10, 11 and Schedules 4 to 7 of this consent. and

n]  Othar matbers not curently covered by the Management Plans bul thal form
mquiemants of this consent, such as  protedion of wel-heads  fram
conaminalion, preventng soll demage: and the cevalopment of ripanan

managemert pans 1of WalBSLoursas on IMGANON DIoperties pursuant o condiien
16.2 ard condition 15.3 of this consant.

Irrigation of wastawabar and mairtenance of tha irigation system shall ba undertaken
in accordanca wilh the mast current and Bpproved varskn of the Management Plans
required by condition 5.1 af this cansenl.

The Managamenl Flans required by condition 5.1 of this consenl shall be reviewsd by
the consent holder al leasl onoe every yoear o ensure lhal they reflect bast
managemant practices. Any proposed changes to the Marapamert Plans thal may
affect e conststency of the Managemant Plans with tha conditions of this consant
shall be submilbed b the Chisl Exscutive of the Bay of Plealy Reqionsl Council or
delegaie for appraval. Changes shall nol ba implermnented unl approval has besan
mpoeived inwiiting {see Advice Nole 10}

Wasteaaier shall nat be applied o aress thal have alse received dary-aMuent
lirigation Ak any tme within the precading 12 months.

The consant holder shall ensure hal no wastewaler wil reach surlace wabars a5 a
msult of cvarland fiow, sub-surface drainage or discharges from imgation pipe-wark,
Ipdrands or ¥rigaiors, spray imgation ouliets or track spraading (see Advion Noie 11).

Tha irmigation of wasiewater shall not result in significant panding of wastawabar, For
e puposa of this consand, significant ponding is desmed to have cooured if
waslewsler remaing on an area of mora than 10 squars metres, #4 hours after
irfgation of that anes csased.

The sol and pasiure systam in the Frigation areas shall be managed in a way that
FriRiFiSES orgANic nilfogan malilisation in he acl,

‘Wastewater shall not be applied wikhin the bufier zones ientfied in condition 6.9, (Sea
Addvice Mote 5). The distance of the imigator or spray imigation outkst from the buffar
zone shall be increased i necassary (for example in windy condiliong) to enaure thal
spray=drit does not encroach nto the buffer zane.

The consant hoker shall ensure Whal the fllowing bufer zones are maintained &l @l

times during ierigation apsrations:

a) A buffer zone no less than 10 metres wide between the sprayad imgaled anea
and mny straam or drain; and

B A buffer zone no less than 10 meires wide babwesn the spraved imgated area
ard proparty boundaries [espact where that propary is entified in Schedule 1 of
2 ar the writlen approval £ & lsser buffor has bean recaived by the Bay of Plarty
Ragional Councll frem the awner and oocupar of the neighbouring praperiy); and

Conmsent Mumber: 65800

¢} A bufter 7one no lass than 45 matres wide botween the sprved imigated area
ari! any fesidential dwelling {excepl where that proparty is identfiad In Schedula
1 or 2 or the witban approval Lo a kesser buffer has baen recesned by the Bay of
Flanty Ragicnal Councll from the owner and cooupier of the neighbauwring
propery)

dy A bulfer dstance nat baes than G0 malres betwesan tha sprayed Imgated anea and
thi Mumnane's current residentisl dwelling on 87 Angle Read, RD 3, Whakatans,

W ary imigafion sysiem is alse used I distibule weber, 8 backNow praveniar
manufactured in accordance with AS 3845 1 [10098) or an equivalent skandard, shall ba
inslated within the pump outlet or plumbing to prevent the backfiow of water or
conlaminants inbo e walar source.

The consant helder shall ansure that the wastewster discharged by Imgaton does not
cause pasture-burm i I exent al i has the potential 1o have an atvarse affect on
the productivity of the pasture that has bean irigaled.

Wihere the nalural infillrative capacily of e 0l has bean impeded through the
socumulation of sodium (as idented by the moniloning requined by eandition 111 of
this consant), the consert hakder shall mpply an approprisfe soi condioner. Soil
conditioning shal be urdertaken as 800N 68 MECHcab in B mannar thal minmizes tha
irstariansaus load of sadium dieplaced to groundwaber, and &1 least within one year of
idaniffication of sodium accumulation.

Any pq:d.lr:! f.mnhg draing of wabercoursas shall e conslructed o a sullable

i af pipe falure. At asch pipeline crossing axlermal 1o
e lanm-. a sign uhall ba inslalied detailing pipeling conbents and contact phone
nuinbers in casa of lakage of breakage.

Tha consent holder shall not make any changes to the discharges authorised by this
congenl el will of ane Bualy lo changs tha nature of the discharpas or thelr effect on
the ervireanment withcul first rolifying the Chiel Execulive of the Bay of Planty Ragional
Council or defegaie. (See Advice Notes 1 and 3}

Contingency Measures

The consant halder shall install and mainkain an alarm and suloratic switeh-off system
as @ conbingency measure io delect irigation systam falures.

Odour Management

The land disposal systems shall be oparabed and mainiained in 8 mannar that ensuras
there is no offensve or objectionable odour 8t or beyond the irmigation propay
boundaries (s defined in Schadules 1 and 2). (See Advics Note 8).

Irigattion lines shall be flushed with clean waler once spraying of wastewater for a
particular season has been completed.

The consenl holder shall ensure thet the wesieweler siorege sios are caaned on a
rIg.lIlrhull:malhpmﬁﬂuwﬂﬂnnﬂﬁdﬂjrh&myhmnmmn71M
1his consant, Any solid amoved i 1o be di | of at an authodsed dispassl
site and mehmmmmﬂmﬁmswmnvﬁm; such as dairy
afflusnt, whey of vwaghawatear.
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10.2

Consent Number: B5800

The consent holder shal circulabe the Complaints Procedure to residents of properties
neighbauing Imgation areas within ore month of the Managemant Plans requined by
condiion 5.1 of this consenl being approved. The consant holder ahall circulsbe
updated Complaints Procedures as required.

Wastewater Monitoring

The consant hokder shall charecterse the netre of the madium and high strength
waslewaler in accondance wilh e monilering pregramime sflached as Schedule 4 to
this conmant.

The consenl holder shall maniain a wealher stalion al s Omehey Farm for the
purpes af mecarding daily raindall. The consent holder shall recard the daily rainfall
and racord all days on which raindall and wastesater imgation coinclda,

The volume of washewater dischanged each day, the area imigaded, and the paddock(s)
Irrigated {listed by farm and paddock numbar) shall be measurad and recorded daily for
the medium strangth rigation sthama,

Tha consent halger shall measura and racord the dally volume of high strangth
wastewsler dischanged by each of the high strength imgation schameas.

Thi consant holdar shall measure and racord the squivaland dapth of application of tha
high sirengih westewatar sppiled by raveling irigetor for all farma receiing high
sirenglh wastewatar al kast once avery thres manths.

The quaniity of waslewsler discharged by truck each day, the srea imigsted, and the
properlies and paddocks onlo which malenal s decharped shall be messured and
recomded daily whenever wasiewaier is disposed of o lard using trucking.

The daily resords kepl in sccordancs wilh conditions B.2 (o B8 of this consent shall ba
kapt by fhar cormant halkder and shall ba made availabie far inspection by Bay af Plenty
Regianal Council staff upon request.

Groundwater Monitoring

The consenl hoidar shall maimain the groundwaler mondorng bore (denlilied in
Sehadule 3 of this consent) 1o the satistaction af the Chiel Exsculive of the Bay of
Plerty Reglonal Council or delegarie.

The conserd bolder shall nolify the Chiel Executive of the Bay of Planly Regional
Cauncil or delegate within cne week of deteclion of an issue (such as damage) that
makes @ montioring bare urusabie far monforing purpases. Any bores that cannat ba
umad for monforng purposes (for ple die o gep shall be repared o
replaced wilhin three monlhie (Unlese offerwise agreed 1 in wiing by The Chial
Executive of the Bay of Plenty Regional Council or delegats).

Pricr 1o commassioning e addilional medium sbrengih wastewsler imigalion arass
praposed in the applcatian (which are marked with an asbafk in Schedule 1, Table 2
to this conserd), the consemt holder shal submit proposed locations of sddiional
groundwater monfioring bores and any changes required to the location of curment
maonitoring baras o enable charactensston of groundwater qualfy up and down
gradiant of the additionsl and axisling imgalion areas. The addiional imgation areas
shal nat be commissionsd wnbil tha Chief Execulive of the Bay of Planty Regional

‘Consant Mumber: 65800

Ceuncl or delegale has spproved the location of the addiienal monitoring bares. (See
Advice Notes 1, 7 and 8),

The consent holder shall mvestigaie pessible locations for nstaling one groundwater
meniaring bora betwasn the areas of imgation 1o the east of the Rengitaikl Reer and
the Rangiaiki River for the purpase of inercepling any grourdwater ew fram s
imgation areas fo the rver. The consent halder shall supply a report on this
Iinvastigation and a recommandaiion &s ta the prefarmad location of the groundwatar
monilofing bore to the Chiel Execulive of the Bey of Plenty Regional Courdd or
delegate for approval of the propessd bare leation wilkin 8 menlbs of e granting of
this consant, If approval is granted the consent holder shal, withn & months of
approval being ghen, install the bore &l the approved location. W instalied this
groundwater monbarng bore shal be sdded Lo he groundwater meniloring wells listed
n Echedule 3.

The groundwater monaring bores specified in condifions 8.1, 8.3 and 9.4 shall be
bavelled to Maburik Dartum.

The consant holder shall underiake groundwaler moniloing in accordance with the
manitaring programme attached as Schedule § to this consent, in ardar to chamaoierise
tha natura of any effects on groundwater resuting from the Erigation opamtions
authionsed by this consant.

Tha consart holder shall engage & sulably quaified and exparanced person to
compere the grouncwster quality cala colected o background groundwaler quakty,
eurrenl drinking waler slandards amd hislodc groundwaber data af leasl once every bwo
years, Tha cansent holder shal submit a repad o the Chief Executive of the Bay of
Planty Ragional Councll o delegate that includss. but is not lmitad to:

a) A description of groundwater qualily tnends,

B Any exceadances of the drinking waler standands end an explanation Tor thosa
exdasdancas, and

o) What (if any) action ks required to avold, remedy or miigate advarse affects on
qgrouncwaler qualily resulling from the ¥rigetion sciiviies, or o reline the
monilaring programme io ensure thal polentisl eflects are dentified.

Surface Water Quality Monitoring

Tha consent holoer shall esteblish surface water monitoning poins 8t A minimum of
three poinle along the Awaiti Canal [(that runs adiacent to Awaili South ard North
Foads) and submit details of hess localions, ncuding GPE referencas 1o the Bay of
Planty Regional Councll The sampling paints shall be 1o the satisfaction of the Chief
Executien of the Bay of Plenty Regional Council or delegate, and shall include at least
O3 $ita Upsaraam of B curTant and proposed Imgation activitics, ona sia downstraam
ol all cusrent and propossd irfigation sclivilies and one sile i of
ihe confluence of the westam mdhbhﬁﬂﬁﬂtwmmgnﬂmﬁm&m
2BA150, GI54500),

The consenl hokder shall undarlabe surlace waler monoring in accondands will he
manitaring programme attached as Schedule § ko this consent, in order 1o characierise
tha nabure of any eflects on surface water resuling from the irigation oparabons
suthonsad by this congant
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Consent Mumbaer: 85800

The consent holder shall engege a sultably qualfied and expedenced person 1o
compans the sutiace water quality data collected bo cument ANZECC waler qualiy
guidalings, water standards sed in amy melavant regioral plan and hisionc Rangitaiki
Plaine surface wabsr quality data at least onca every fwo years. The consant holdar
shall submit @ repart to the Chisl Execulive of the Bay of Plenty Reglonal Councll or
delagate that ncludes, but is nat imied to:

&) A description ol surlace walar quality trands;

b}  Any excesdances af #he relevarl pum and standands and, whare possibla,
an GEp for thosa and

el What (F any) action is mequired to avaid, remedy or miigate adverse alfecls on
surface wabar guality resulling from the irigation acthities or refine the manitaring
programme 1o ensure thel potantial edverse effects ana identified

Soil Monitoring

Tha consent holder shall undariske soill monitonng in accordance with the moniloring
programime altachad & Schedula 7 i this consent. in order bo Charciense e naturn
of any affects an =oi quality resulling from the irmgation operalions sulhorised by this
consant.

Within 12 months of the i of this tha consent hoider shall instal
sl moislure massuning eguipment &t a location on the Forterra Omeheu Farm that s
capable of measuring the Reld capacity ef the soil. This location shall be agresd in
advance wih the Chief Exeoutve of the Bay of Plenty Regional Councll or delegats.
Once the equipmant has bean installed, soll motsture shall be mepsured and recorded
dasly by tha sarsard hakler,

The consant holder shall engage & sukably qualfied and exporienced person ba
mmmmeﬂlqmmmlmﬂmm Fronvdsiona! Soif Qualty fnofcalors i New
Fealand, La Reswearch) Series Mo3d, Spading Z008 jor other
Bpprophatn mw\d; as agread with the Bay of Plenty Regional Council) and hisloric
s quakly data i lest once evary two years, The consant halder shall submit a report
ta the Chisf Exssutive of the Bay of Planty Regional Councll or dalegata that Incudas,
bt = nod limited 1oc

a) A descripiion of soil guality and scll analyses data trands and how thess rends
mighl impacl on sol quality of struchure;

b)  Any axceadances of the sol quality standards and an explanation for thoss
axteaiancan;

o) What {if any) sction s reguired fo aveid, remedy o miligale adverse eflects on
=0l quailty resulting from wastwwatar imiation, or refine the moniorng
programime bo ensure that potentisl effects are idantifled,

Reporting and Record Keeping

The results of sampling undertaken in accordance with Schedules 4 1o 7 of this consant
shall ba fonsmndad to the Bay of Plenty Regional Councl within ane monih of recaigl of
1ha fesults, Fesuts shell be provided In an alectronic format 1o the satsfaction of the
Chial Exgculive of (e Bay of Planty Regional Councl o delagata.

Congent Number: 65800

The congent hoidar shal provide the foliowing information to the Bay ol Plenty
Resgional Counc by the 217 of asch month:

a)  Tha amount of Kitregen and Phosphorus spplied in the preceding month par Tarm
a8 8 result of medium strangth water imigation, 1o be expressed s kphha and
kgPrha; and

B The amaunl of Nilregen and Prosphorus applied per inigation schama in the
preceding month as a result of high strength wader imigation, to be expressed as
ghiha and kgPihe; and

€]  The cumulstve amount of Mitregen and Phosphorus applied as o resull of
e and high strength wastawatar erigetion over tha Imgstion seasen (up o
and including data from the praceding merhl, to be exprassed as kghha and
kgPiha,

The consant halder shall provide the fallawing  information 1o (he  appropriate
lansownerccupier of tha receiving enviconment by the 21" of each monath uriess
niotified in writing by that landownarioccupiar that the Information is not requined:

a)  The amount of Mirogen and Phosphorus applied in the preceding month par fanm
as 8 result of medium strangth water imigation, 1o ba expressed as kghha and
kgPiha; and

k) The amauwnl of Mitregen and Phosphorus applied per imgation schame in the
g marth 2s @ resull of high strergth waler irigation, 10 ba expressed as
Mhnanikgpma.md

£l  The cumuiativa amount of Nitrogen and Phosphorus applied as a resull of
medium and high strangth wasiawater imigation over the imigation season (up o
anid including datla from ihe praceding month), o be expressed as kghlita and
kgPha, if no wastawaber has been apphed 1o a propay during the preceding
meth than noéfication io the owneroeoupier aof thal progerly is rod required by
this condfion

By 30 Septambor aach yaar, the consant holder shall submil an annual rapon for the
activities suthorised by this consert o the Chief Execulive of the Bay ol Plenty
Regional Council or debegate.  This report shall includa. but not ba limited b, the
Tekoraing:

a The resulis of all moniboring required by the condtions of this consan
undertaken in the previous 12 months (and nol already provided)

b} R lirali ¢ addilions 1o the moniloding programmaes
attachad usm -Hn?lvllll cansant;

al An epsessment of the extant to which the discharges complied wilth the lmilbs
apaciliad in this consant, ard reasens for any non-compliances and whal sleps
bave been taken o mitigate the adversa amdronment aflacts (f any) associated
wilh non=compliance and prévent fulune recccurmends;

d) A report and discussion on any proposad operafional changes o the
Edgacumie Dairy Manufscuring Plant thal may reeull in & notable variabion of
valme ar v
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Conzant Mumber; 5800

] An analysis of any trends evident from the monitoring data, pariculary in
comparison 1o previous years monfionng, This analysis should also incorparate
the requiremants of cendilione 8.7, 10.3 and 11.3 of this consent (snly requined
ewary sacond year),

1] & raport an and di i any i recaived (sae condibion 14.1) or
irecidents (see condition 1. 2: ik have pooumad in relation b the wastewater
irfigation and iruck-spreading operations. I no complaints andion incldants have
occuned than this should be noted in the mapan,

al Discussion of foedback received from any community Bason  activites
underakan by the consent holder;

I Arty actions recommanded under conditions 9.7, 10.3 or 11,3 shall be reporied
back te Bay of Plenly Regiomal Counmcil with the consent holder's
recommandations and optians for implemantalion; and

i Any ather Issus considered importand by the authar.

By 1 Saptember 2014, 1 Seplemser 2019, 1 Seplesber 2024 and 1 Seplambar 20245,
the consant hokder shall provide ta the Chisl Exscuthee Hhhyﬁﬁmh‘mﬁﬂﬂ
Council or delegate, & report that assesses whethor waste disposal & beng
underisien in sccordancs with the basl practicable cpton(s) to minimisa adverse

axperenced specialists] shall underake the nent required By this condon,
which shall be o the satisfaction of the Chinf Executive of Bay of Plenty Regianal
Councll or delegate. The repon submitied 1o the Bay of Flenly Regional Councl shall
address, but not necessanly be imiled o, the Tollowing:

a} A A of the consistency of the curenl mathod of disposal with any
rederveant rationel standards, codes of practios or industry guidalines in effect al
thad Lime;

b} A sumimary of sny sclual or potential effects of the continued discharge of
waslerwabar b land, rrespectiva ol whether those effects are in accordance with
the conditions of this consent;

o) An cutine of technological changes and adveances in relalion o dairy
manufachuring wasiewaler management, teatment and disposal which may be
avaitable bo address the ientified advensa affects;

d}  An essessmant of whether any such nphM; af combiralion of optons eprasent
tha Bast P e Opban o i the sfects of the discharge ard to
mérimies the production of wastewaler (and theraby disposal o lard); and

@)  Whether and whaen (if applicable) the consent holder mbends o inconporale such
changes,

Maintenance

All ecuipment that forms pan of the wasiewster imgation systems (Including tuck
tanks) shall ba maintsined in good warking order and bo the satisfaction of the Chiet
Executive of the Bay of Plerty Reaional Coundl or delegabe.

Consant Numbar: 5800

The consenl halder shell underake inspections of all ivigation ppe-wark and
mssaciased distibution nebwork, =t least bwice every year. Al least one inspeclion shal
ba completad priar to tha Imgatcn commancing at tha start of the dairy manufacturing
saagon, and the second inspection undarsken during the perod 1 November to 29
Fabruary inclusive. The nspaclions ehall be undertaken o check lor leaks or any othar
avenl bkely to cause the unintended discharge of wasiewaler. Records of Ihees
inapections shall be made avallable & the Bay of Plenty Regional Councl offisers upan
reuest.

The conpent holder shall urdestake any mainlgnance works required as soon as
possile to ensuna thal the requirements of this consenl are salisfied.

Complaints and Incidents

The corsant holdar shall keep and maintain a ragister of all complaints i reosives that
redte bo the discharges authonssd by tis consert. The following information shall be
recarnded:

a)  Tima and date of complaint.

B Mame and address of comglainan (it provided).

ol The site aboul which the complainl was made.

d)  The weather conditicns af the time of complaint,

o) The nature of the comglaint.

0 Ary avenls in he management and operstion of irmgation or trucking processes
that may have given rise ko ihe compaint

al Ay remedial actions taken by the consent holder.

Complaint records shall be kepl by the consard holder and shall ba submittad o tha
Bay of Plarty Regional Council upon requesl

The consant hakier shall natify the Chief Executive of the Bay of Plenly Regional
Council or gekegate using e Foluticn Hotline (0800 884 887) as soon as practicable,
and ol leas within 2 haurs, of any ewent or incident that has or i [kely 10 resul in any
conditions of this conssnt being brasched,

Thie corsan holdar shall establish 6 Community Lialson Group (CLG) within & manths
af the granting of (his consant 1o which the Tollowing shall ba imviled:

= submiiars on this consent (andior consent G2522);

= naighbours who sdjoin irigated properties;

» the owners of land subject 1o Forderra's irigation activities;
= Mgati Awsand Ngatl Tuwhareoa; and

& Eay ol Planty Regional Council,
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Congent Numbar: 65800

8} Tharole of tha CLG is to provide a forum:

= Ta facililate communication and dialogue batween the censent hoder, the
commurigy and the Bay of Plenty Regional Council;

« To facliiade communicaion arising frorm the congant holder's Irrigatian
operation (including, the results of meniloring, concerns and Gormplainks of
residents, and aspacts of non-complignoe {if any) and maans of alleviating
tham).

b} The consent haldar shall ansura that mastings of tha CLG are held of least svery
st manths, Represantatives of the consant halder shall sttend & mastings af the
CLG. Mentings of the CLG ame to ke open to any memibar of the public to attand,

Riparian Management

The congent hokder shell pravent all stock access, from properies owned by B
camsent holdes. ko surface waber bodies. Stock shall be sxciuded by the rmlahhmd
fencing or any ather method thal eMecivaly pravents Stock accessing surface waber
bodies.

Tha consant holdsr shall, on properlies owned by the corsent bolder, develop a
t plan for s Irmeersing and immedistely adjacent 1o the

riparian r
irvigalion arass.

The corsard holder shall in conunction with Bndowners, develop @ ripanan
managemant plan for welarcourses travarsing and immediniely adjacent 1o e
irrigation areas. For the aveidance of doubt, tha consant holder shall noi be considered
0 be in non compliancs with thie condition it individual landowners {other than the
coreant holdar) are unwiling to parlicipate,

Review Conditions

The Bay of Plenly Regioral Council may, &t ey ime within thres months of the fifth,
tanth, fifieanth or fwertieth anniversary of tha granl of this consant, or within three
months of receiving a repart under condition 12,5, sarve nalice an the consant haldar
under saclion 128 of the Rescurce Managemant Act of #s inlenton & review the
corditions of this congsent for any of the Tollowing purposes:

8] To deal wih an advarse effed on the emdrenment which may sfise from tha
exerciza of this consent. and which it s apprapriate 1o deal wilh al a |ater stags;
ar

b}  To require the consent hokder to sdopt the best practicable oplion 1o remove of
reduca an adversa effect on the amvirmoment; ar

4] To raview the adeguacy af, and necassily for, e monitoing requined o be
undartakan by the consent holder; or

d)  To provide for comglance wilh any regional plan thet sets ndes ralating to
minmum slandards or wader quality or air gualily and thal has bean made
oparaiiva sinca the grant of this consent; ar

Congent Mumber: 65800

@) To ansure that the consant condiions are canssiant with any relevant national
anvironmantal starndands.

The consant hokler shall pay io the Bay of Planty Ragional Council the: actual and
reasonable costs incurned whilsl urdedtaking a review of comsent condiions in
v vith 16,1 of this

Term of Consent

This consent shall expire on 31 December 2034,

Resource Managemeant Charges

The congent heldar shall pay the Bay of Flanty Regional Courndl such administiietive
charpes a5 are fized from fime io fime by the Bay of Plenty Regional Council in
accordance with section 36 of the Resource Management Act 1981

The Consent hersby sutharsad & granied under the Resaurce Managaman Act
1891 and does not conssitute an sulharily under any olher Act, Regulation or Bylaw,

Advice Notes

1

2l

4

]

Natificalion/Raparting required by consen! candilions shall be directed (in wriing) for
The Poifdion Prevention, Bay of Planly Regional Counsd, PO Box J64,
Wihakatame 2188 or fax 0200 484 §87 or emad potfpi@bopre oot nz, This notification
ahewd inciids e congant numbar 65800,

Tha cantac ienfified in condiion 3.1 of this consent will be tha primany conteet for Bay

complaint.
hoidar's kabilidy fo srsoe compiiance with ithe consent and s condiions.

Any significant changes to the imgation system o imigable areas that were not
includad i the consent sopiication fodped on T8 July 2008 may requre & change of
consen! coniions ar B new cangant

Maw imigalion progemies wif be sdded to the ralevant Sohedwea(s) of thiz congenl. It
sovne cicwrstances this may need g formal change Jo e consent condilions.

T bualler zane f& maasured fom wheve the waslewaler i dischanged 1o isnd and nof
the position of the irigeior. The oischanps must cease o the valume of
radicad ar imgator moved when necessary 1 meel condians 5.9 and 5.9,

Bay of Plenly Reglonal Courcl wil consider an odour &ffect o be offensie or
abfectionatie o have securad ¥ eny apropnstely expenenced councl officer spems ¥
=0 aller heving regend o

&) The Fequency, infensily, duwation, nelure of odour amd fecalion of the affactfs)
andior

b Redevanl weiben advice from an Erwinorimental Heaitty Officer, lemnlorial authority
of hwalth autharity.
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Consent Murnber: 65800

i mw.mmrmwmmmamwma.Th
cangant hAdar May wE0 propese that existing moniorng bores be removed from the
Schadule as par! of this procass,

gl Additional consents may be requived fo drll new monitoning bores or reploe exisling
bovas.

a) Faiure b comply with ihe conaifions of iis consenl may resull in amiarcemant achon

baing daken. Tharefore, ¥ iz achised the! abl staff, and confraciors, associmled with [he
waslgweiar Nsposal sysiem be made aware of the requiramants of this cansent.

10 The Bay of Fienly Regianal Counail doss nal aalicipale bedng asked fa review and
approve adminisrafive changes or comedlians fo fypographical erors with regand o
iha Managaman! Plars reguired by thig congenl.

1) Nar-return valvas and olfer appropriale lechociogy can be wsed do prevent the
incidantal thacharpe of westawader folowing disconreclion of Dipe-work.

13 Tha consent hoider wil¥ use besi andeavouwrs fo enswe ol slall comply wilh the
rafevand clawses i (e Managemend Flans ralafing do spotights. OF parficular concem
5 Clause (iv), which reads: When opevaling af might, be mindful of e vshicle
spodights Muminsting the neightows house, This i parficulary disconeerting i the
ligghts are el shindg info & neighbour's house for any langth of fme. A vahicle should
hiz frmad &0 mindmize s asEance ™

13 The Bay of Plenty Regianal Cowncll recognées ihe importance of the cansent haldes
managing and apevaning the irigalion syaiam on & dey-to-dey basls and
fhe benefits fral heve been paited snce the consent holder leok owver this
manEgament from inaiadiual Ecowmes

DATED at Whakastane this 2Tth dey of May 2010

Feor and on benalf of
The Bay of Planty Regional Cauncll

Consant Mumber: 65800
Change 1

The change ta this resowrce consent was approved under delegabed authorily of the Bay of Planty
Ragaonal Councll, dated 18 October 2010, &5 follows:

Chanpe condition 4.8 1o reasd:

Thes masdmum nifmgen loading rate for those propesties moshing medivom sirength wastewaber
(identified in Schedule 1 to this consent) shall not excesd the following nibrogen lmits:

Pariod Annual Bmit

Brior to 1 July 2010 76 kghhalyear
1 July H00 to 3 June 209124 §745 kgMhafysar
1 duly 20124 1o 30 Juna 2015 478 kgMihalyear
Fram 1 July 2015 400 kgMihalysar

Sae Advice Note 14
A advics mobs 14 o read:

Tha dale for the complalion of I pivogen isading Gmd pericd of 675 kphdhadesr id kel [0 Da
influsnced By M resolition of Tristoower application S5750 (lo change [fw operaling regimse af
the Rangiaiki River)). Once thal appication hes bean determined, the carsen! halder infends io
impETant the expangion of e frigalion anes oF &N alfnalive wastewsiar diaposal siralegy.
The Raglanal Courcd requasts fut the consent holder provides an uadale regeeding thiz decision
within 3 months of consant 65750 being detarmined

H#—

Halen Creagh
Consents Manager

far W E Baylield
Chinf Exocutive

Change 2

The change 1o this resource consent was approved under delagated authority of the Bay of Plenby
Regional Councl, § June 2044,

H—

Halan Craagh
Consents Manager

far  Mary-Anne Macleod
Chigl Executive
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Transfer

Consent Number: 85600

Thie tramefar of the whole of this resowns consent from

L ]

H—

Helen Creagh

Consenls Manager

for  Mary-Anna Mackeod
Chiel Executive

Change 3

FONTERRA COOPERATIVE GROUR
LIMITED #» FONTERRA LIMITED was approwed undar delagated authority of the Bay of Planty
Regional Council, dated 21 July 2014

Thiz change ta this rescunce consent was approved under delsgaied authorily of the Bay of Plenty
Regianal Council, 9 Febmiany 2016,

fhubar Yo

Reuben Fraser
Consents Mana

far  Ma

SCHEDULE 1

M lnod

ry-Anne
Chiaf Executive

Consent Number: 65800

PROPERTIES ONTO WHICH MEDIUM STRENGTH WASTEWATER IS IRRIGATED AND
PROPOSED TO BE IRRIGATED

AB & M| Lot 7.3340 42Ci312 | Awalll South Roed

Mclean Lot 1 OP 21931 750482 4207312 | Awaiti South Road

Mullns P J & K | Lot 1 DP 6.7280 | SA839/216 | Awasili South Road

J Lot 1 DPS 29950 21.1650 Awaitl South Road

Shakes" Lot 2 DP 62 60,9487 | SAS0C/438 | Awaiti South Road

Woods B H &

JF

“Oreamfiglds

%dﬂ_g:* Lot 2 DP 333367 63.278 136786 | Gaeve Road

amily | Lot 3 DP 21027 66.9577 | 25A/1217 | Awaiti North Road

Trust® Lot 2 DP 21027 60.6649 |  4B7/134 | Awaiti North Road
Lol 1 DP 21027 40.4584 | 1001348 | Awalil North Road
Lot 2 OPS 16556 481575 |  380/854 | Awani North Rosd

* Proposed acditional imigation arnas

2

proposed to ocour

Summary of Irrigation Properties and Land Area over which irrigation occurs and Is

Farm Owned by Irrigation Land area | Irrigation type
(ha)
Omeheu | Fontarra 51 Fowed In-ground
Brophys | Forterra 41 Fixed In-grounc
McLeans | Private Fam 40 Fixed In-ground
Mufire* | Private Fam 67 Pad system
Gow' Private Farm a0 Pivol combined with movabla sprnklars
Woaoods* Private Farm 30 Pivot combined with movable spenklers
Total 318
e
* Proposed additonal Imoadon &ress
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Caonsent Murmber: 85800
SCHEDULE 2

5 ONTO WHICH HIGH STREMGTH WASTEWATER IS IRRIGATED (AWARDA
AMD OMEHEU FERTILISER SCHEMES)

1, Property Legal Descriptions:

Chumes Legal Description
m ALLT 148 iki PSH
By de Ley ALLT 146 Rangiaiki PSH

LOT 1 DPS B2285

Babd—Orinl  Dierles.

Lirnitesd ALLT 282 Ramgitaikl PSH
Wabes-Howlands LOT 9 OPS 28741

LOT 13 DPS 28742
LOT 12 DPS 28742

LOT B CPS 53150
LOT & DPS 53150
Bllvor Langdon LOT 1 OPS 35335
LOT 3 DP 8093
ALLT 5% Rangtalk PSH
WacDonsid  (Angie | LOT 2 OF 9636
Park Lid) LOT 3 DP 9806
LOT 7 OF 5856
1

LOT 1 DP 6606
LOT 2 DPS 15887
LOT 3 DF 10444
LOT & DP 9806

LOT 2 DP 10444
Carler- Brizm PT LOT 2 OF 324654
PT LOT 1 DF 32884
Bam PT ALLT 1 Rangilaiki P3H
LOT 2 OF 22567

ALLT 126828 Rangtaiki PSH
LOT 1 DPS TTE3IE
Campball LOT 2 DPS 3619
LOT 2 DPS 81526
PTLOT 2 OF 18069

ALLT 164 Rangitaid PSH
PT ALLT 87 Rangkalki PSH
Raevan LOT 5 DPS 70925
LOT 3 DPS 70825

FT ALLT 87 Ranghalkl PSH
LOT 2 OPS 15170
LOT 4 DPFS 71825
LOT 1 DFS TI925
LOT & DPS T0a25
LOT 4 DPS 9156
Haudtain LOT 3 DPS 57409
184 Omatara
PT 1A Cmataroa
Zink 1B2BZ Omataros

PT LOT & DPS 57409
LOT 2 0P 16162

AATARE 1B Omakanss

LOT 4 DPS §7408
IA1AEE)1A Cmataroa
1E2A Omatarcs
16281 Omatans

Woali fwa farms | BACmatars |
PT 1B58 Omataroa
PT LOT 1 DPS 30786

Meraskes—Alsam

Wirhichas LOT 2 DF 36308

B e

| By da Loy PT LOT 1D 36308

Farierma- Awama LOT £ DPS 33286

5T LOT 1DP3 33263
LOT 3 DFS 33288
LOT 5 OPS 33289
[LOT 2 OPS 33289
PT LOT 2 OP 33508
Gaw PTLOT 1 DP 291652
LOT & OF 21192
Wharlin SlEner LOT 107 33076
LOT 1 0¥ Sk,
LOT 3 DF 3567
LOT 2 DP 36567
Waking LOT 2 DPS 81388
FTLOT 1 OP 22001
LOT 2 OF 22903
Viriches SECT 150 50615
LOT 1 DPS 6827
LOT 1 OPS 81296
SECT 2 50 50615
ALLT 256 Matata PSH
PT LOT 2 OP% B&27
ALLT 159 Matata FSH
LOT 4 OPS 62758

LOT 2 0FS 91266

FT ALLT 257 Mealsld FSH
LOT Z DF 366378
Mulling LOT 1 DPS 74858
LOT 2 DPS 62768
LOT 1 DP 350387
LeLimure LOT 1 OPS 75378
LOT 4 OPS 15811
LOT 1 DPS 7524
LOT 2 DPS 7452%
0T 5 0PS 15810
BT LOT 6 DPS 1810

B Sullivan ot 1 DPS BAI0R .
Bradley Pilal £ DF 150608
Lot 1 DPE 352090
Lat 2 DPS 35290
W CHsen Aot 780 Rangileki Parish (50
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Consent Number: 65800

i

Legal Description
50008)

Allot 287 Rangital Parish (SO

S0005,
Aliot 307
S0BEE)

W Parish (S0 |

Summary of Irrigation Properties and Land Area over which irrigation occurs

CHANGE v - T No. Trigabe aaa
WERCIREG Lne | G owner | imgators | 20134 |
Angla | BARD ORIINI
DAIRIES LIMITED 1 a7
OLIVER LANGDON 2 B2
B MOCRACKEN
BY de LEY 1 43
CARTER 2 49
MacDONALD 2 62 |
WALKER
ROWLANDS 2 67|
Awaker | BARR 1 47
BRADLEY 1 35
CAMPBELL 1 79
SULLIVAN 1 46
REEVES 1 az
NGATI AWA 1 120
Vo MECRACKEN
VIRBICKAS 1 52
ZINK 2 [
HAULTAIN 1 39
Omeohou | VIRBICKAS 2 106
GOW 2 48
MARTI-STEINER 33
"MULLINS 1 67
WATKINS 2 87
LELIEVRE 3 144
422
T PUlikl | AWAROA 1 58 |
MORGANBY de LEY 2 50
OLSEN 1 ar
LANGDON 1 12
i 167
S— QT o - o Ly =i [ - AR
Consent Mumber: B5800
SCHEDULE 3
GROUNDWATER MOMITORING BORES ASS0OCIATED WITH THE FONTERRA EDGECUMBE
IRRIGATION OPERATIONS
(Bore Iidentification Phyzical location GFS Coordinales
numbsar or
Bora 1 Omeheu Zong & A757.5125 17647, 10BE
Home ¥ Omeheu Zone 2 37 57.6655 1TEPAT . BA2E
Hore 3 Mcleans Zone 4 3RELEDTS 1TE°4T. FE
Hora 4 Cimenpu Zonm 7 ATGI.GT2S 176466165
Bara & Omehey Zone 1 3757.9275 1TEAT. 5478
Boare 6 McLeans Fone B ATTSEISS 1 ?g#ﬁ.?ME
Bare 01 Comaer Dmigheu Rd and SHR2 ATRT 775G 75°48.130E
Comer Gaw Rd and SH2 ITETITIE TE48.1B5E
Mullins 21500 Awaili Rd Scuth ATOST . I805 17646 810E
Sturma 21747 State Highway 2 - norih side | 7°67 6045 176747 307E
Oir 21864 Cmehew Rond - cowshed 37561805 17647 B48E
Mgal Awa [Skilings] | Hydro Road 36700 2425 1 76 43 406E
Awaroa Eastbank  Road  —  tanker | 37664545 176 40 A06E
tumargund
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Consant Mumber; &5800
SCHEDULE 4

WASTEWATER MOMITORING PROGRAMME

1 The cansant halder shall undenake the sampling and aralyses tor Both the madum
sirength and high strength waslewaler as prosided in Table 1, unless olbersizss agroead
o i writing by the Chicd Executber of the Bay of Plenty Regional Counsil ar delegate:

Table 1: Waslewaler Sampling and Analysis Requiremants

[ Fraquancy | Sample Typa Faramators |
Winnddy 24 hour compasile samples | Tobal Kjeldahl Migragen
Mitrate-nitrogan
hiiribe-nitrogen
Manthiy 24-hour composie Sodium

alcium

Chioride

Patassium
Magrasium

Totsl phosphons
[He ]

Tatal BODy,
Conducthvity

pH

Tha requirement 1o analysa tha wastowater for BOD may be dropped after a two year
sampling pariod I &8 good condiion comalation betesen GO0 and BOD can bae
demanstraled by the consant halder.

2 Sample collection, slorage, anelyses and reporing of reswts shall be carmed cat in
accordance with ssclions 1 and 10 of the Avslraiantew Zealsnd Standand ASNZS
EEET-1588 Water Qually - Sampling {unless alherwiss agreed Lo in wriling by the
Chist Exaciulive of the Bay of Planty Regional Council or delegata).

Consant Nurnber: 65800
SCHEDULE &

GROUNDWATER MONITORING PROGRAMME

1 Thia water level, comectad to the Moburid datum, in the grourdwalar monitoring bores
shall be measued and recorded at least once in February, Agrl Jums, Sugust
Oetobar nd Dacembar of sach yaar

2 & reprasentative sample of water from sach of the groundeater maonitoring bores shall
be colecied B least once in Fabruary, Sprl. June, August, Octaber and December of
mach year and analysed Tor the Tollawing consliuents;

Paramaeter

Condugtivity

Todal nitrogan

Milrabe-nitregen

Tolal phosphonus

Dissodved reactive phosphorus
Sodiam

Potassivm

Cakcum mgll
Total BODy =
pH

3 Thie consent holder shall undertake the moniloring required by candilion 2 of this
Scheduls, within 24 hours of the soll malstune measunng eouipmaent required o be
inslalled by condilion 11.2 of this consant indicaling Meld capacty has been excepded,
This manitaring shall be undarsken up b 3 mes pee year, and # possiole 2 of thesa
monitanng events being undertaken in the winter and spring pericds.  The consanl
hioddar shall by 30 Movember nalify the Bay of Plenty Regional Council if soil moisture
condilions in the winbar amnd sgring periods have not exceadad the soil fekd capacity.

224d8d2g

4 Samgle collection, storage, analysas and reporing of resulls shall be carried oul in
sccordamsa with seclions 1 and 10 of the Avsralan®ew ealand Standard ASNIS
56671698 Waler Qually - Sampling (unless olbarwiss agread b in wriling by the
Chisaf Exacutiva of the Bay of Plenty Regicnal Councll ar dalegale).
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Congant Mumber; 85800
SCHEDULE &

SURFACE WATER MONITORING PROGRAMME

1 A reprosentative sampla of waler from each of the suface waler monforing points
identified in condition 10.1 =hal ba collacted In Febnsry, Apdl, June, August, Ocicher
and Decamber of each year and analysed Tor 1ha folkowing parameters:

Pararmater Linits
Corduslivity m&im
Citseolvad oxygan mgil
Tamperaturs "
Testid nilrogen mal
Hitrate-nibrogen myll
Milrile-nirogan mglL
Ammaniir-nirogan miil
Total Kjeldah| nirogen (TKM] megil
Dizzalved Reactive Phasphorus  mgil
Sadium mgL
Total BOD; migi.
Tolsl susparded solids L
pH

The depth af tha watar in the suface waber bady and sy visual obsarvations of a
ganaral nature, at the lime af manitanng, shel be recorded.

2 Sample collection, storage, analyses and repoding of resulls shall be camied out in
accordance with sections 1 and & of the AustratimnMew Fealm Slandard ASNZS
SEET-1008 Warer Cuahty — Samabng (unless cihersiss agresd io i wriling by the
Chiel Exscutive of the Bay of Plenty Regional Cound or delagata)
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Conseni Numbsr: 65800
5} Mineralisable N;
d) Merification pobential, and
8] Denfnfication patentisl

4 Sampia collection, storage, anabyses and reparting of resulls shall be carried ol 1o 8
recognisad standard o the salisfaction of the Bay of Planty Regional Council.
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Appendix 2
Pasture burning record sheets

PART 1: Record of the Event: When pasture damage is observed the following will be recorded:

Farm

Paddock Number

Whole paddock burnt or patchy?

WHERE: Run number / start & finish time of run

. Burnin rt, middle or end of run?
Location of Damage e R S E LA

Line

Irrigator Operator

Irrigator Unit Number

Date of damage observed

WHEN
Date of Irrigation (last application, and time
since last irrigated

Weather Conditions Sunny, Cloudy/Overcast/Rain

Wind Speed and Direction

1 — yellow before irrigation?

2 - brown wheel tracks

3 — slight browning of tips
Burning Assessment

4- slight browning

5 —severe browning

6- complete grass die-off

Ponding after irrigation?

Describe burning on 1/2"4/3™ day etc.

Assign ID to Event Identification e.g. 17_PB_001_McD-20

Record event and ID in Comms Log

Photographs Photographs to be sent to ETL

teve Morri Leigh Ol
Notifications Steve Morrissey & Leigh Old

ETL to notify Bram Berger /Kelli Paterson (Masters Research)
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Appendix 3

Pasture burning records
Event 1

Burning on Barr’s farm was noticed on the 14" of September 2016 in paddock 3.
Burning was moderate with tip burning on both the clover and ryegrass. Burning
was observed where the paddock had hollows and ponding occurred, pasture
burning was more severe. The Barr farm is supplied effluent via the Awakeri

effluent line.
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Event 2

On the 14" of September 2016 on McDonalds farm in paddock 3 there was
moderate patchy burns to parts of the recently irrigated paddocks. The tip of the
clover, ryegrass and dock were burnt in strips following the irrigator. There were
also hollow presents causing the effluent to pond and Kill the grass. Irrigation

occurred on the 12" of September 2016.
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Event 3

On the 20™ of September 2016, light tip burning of clover and ryegrass was noticed
on McDonalds farm in paddock 77. Paddock 77 was irrigated on the 18" of
September 2016. Run one, two and three showed tip burning of both clover and
ryegrass. McDonalds farm is supplied with effluent from the Angle road effluent

line.

Event 4

On the 20" of September 2016, burning was noticed on McDonalds farm in
paddock 22a. Irrigation of paddock 22a occurred on the 17" and 18" of September
2016. Patches of ponding of the effluent on run one, two and three after irrigation
was thought to be the cause of the burning as anoxic conditions were created Killing
the pasture. McDonalds farm is supplied with effluent from the Angle road effluent

line.
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The soil where burning occurred on the McDonalds farm was compact with a peat

layer at the top and sand deeper down.

A white substance found on the surface of the soil in paddock 22a suggested that
the effluent ponded on the surface causing microbes to create a seal preventing the

effluent from soaking into the soil.

= \icdonald -3

No surface layer

Same paddock 3

\\ % / ////
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Event 5

On the 21" of September 2016, burning was noticed on Ngakauroa farm in paddock
48. Irrigation of paddock 48 occurred on the 15" to the 19" of September 2016. Tip
burning occurred on run one, two, three, four, five and six. Ngakauroa farm is

supplied with effluent from the Awaroa effluent line.

Event 6

On the 21" of September 2016, tip burning of clover and ryegrass was noticed on
Rowlands farm in paddock 48. The effluent was observed to change in smell from
sweet to sour suggesting microbial activity. Irrigation of paddock 28 occurred on
the 17"" to the 19" of September 2016. Tip burning occurred on run two and three.

Rowlands farm is supplied with effluent from the Angle road effluent line.

Event 7

On the 25" of September 2016, burning was noticed on McDonalds farm in
paddock 71. Irrigation of paddock 71 occurred on the 25" of September 2016. Tip
burning occurred on run three. McDonalds farm is supplied with effluent from the

Angle road effluent line.

Event 8

On the 28" of September 2016, burning was noticed on Barr farm in paddock 16.
Irrigation of paddock 16 occurred on the 24™ of October 2016. Tip burn occurred
in the middle of the paddock at the end of the run. Barr farm is supplied with effluent

from the Awakeri effluent line.

Event 9

On the 28™ of September 2016, tip burning was noticed on Rowlands farm in
paddock 3. Irrigation of paddock 3 occurred on the 24" of October 2016. Rowlands
farm is supplied with effluent from the Angle effluent line.
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Event 10

On the 28" of September 2016, tip burning of clover and ryegrass was noticed on
Rowlands farm in paddock 4. The clover that stood tall was burnt the worst.
Irrigation of paddock 4 occurred on the 24" of October 2016. Rowlands farm is

supplied with effluent from the Angle effluent line.

Event 11

On the 28" of September 2016, tip burning of clover and ryegrass was noticed on
Rowlands farm in paddock 15. Irrigation of paddock 15 occurred on the 24" of
October 2016. Rowlands farm is supplied with effluent from the Angle effluent line.

Event 12

On the 7™ of November 2016, tip burning of clover and ryegrass was noticed on
McDonalds (B) farm in paddock 75, run two. Irrigation of paddock 75 occurred on
the 6™ of November 2016. Rowlands farm is supplied with effluent from the Angle

effluent line.
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Event 13

On the 9™ of November 2016, tip burning of clover and ryegrass was noticed on
Campbells farm in paddock 95, run two (7am to 3pm), three (4.05pm to late) and
four (7.30am to 3.30pm). Irrigation of paddock 95 occurred on the 6" and 7" of
November 2016. Immediately after irrigation the clover leaves were starting to curl
over towards the end of run two. The day after irrigation a white substance was
covering the pasture and the wheel tracks from the irrigator was burnt. The weather
was very hot and sunny on the day of irrigation. Campbells farm is supplied with

effluent from the Awakeri effluent line.

Event 14

On the 9™ of November 2016, tip burning of clover and ryegrass was noticed on
Ngakauroa farm in the middle of paddock 40. Irrigation of paddock 40 occurred on
the 8" of November 2016. Ngakauroa farm is supplied with effluent from the

Awakeri effluent line.
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Event 15

On the 9™ of November 2016, tip burning of clover and ryegrass was noticed on
Awaroa farm in paddock 33, runs one (2.14pm to 6.30pm), two (6.50am to 1pm),
three (12.15pm to 5pm), four (7pm to late), five (6.41am to 12pm), six (1.30pm to
late) and seven (6.45am to 12.45pm). Burning was in strips following the irrigator.
Irrigation of paddock 33 occurred on the 5" to 6™ of November 2016. Awaroa farm

is supplied with effluent from the Putiki effluent line.
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Event 16

On the 9" of November 2016, tip burning of clover and ryegrass was noticed on
Law farm in paddock 19 in the middle to the end of run one (9.30am to 2pm) and
two (2.45pm to late). Irrigation of paddock 19 occurred on the 7" of November
2016. Law farm is supplied with effluent from the Angle road effluent line.

Event 17
On the 10" of November 2016, light tip burning of clover and ryegrass was noticed

on McDonalds (C) farm in paddock 9 in the middle of run one (8.50am to 5pm).
Burning was also in the lower spots in the paddock suggesting small amounts of
ponding occurred. Irrigation of paddock 9 occurred on the 9™ of November 2016.
The weather was sunny on the day of irrigation. McDonalds (C) farm is supplied

with effluent from the Angle road effluent line.

Event 18

On the 15" of November 2016, tip burning of ryegrass was noticed on Barr farm in
paddock 1 in the middle of run four (1pm to late). Clover burning was lighter
compared to the ryegrass burn. Irrigation of paddock 1 occurred on the 13" of
November 2016. Barr farm is supplied with effluent from the Awakeri road effluent

line.

Event 19

On the 14" of November 2016, tip burning of clover and ryegrass was noticed on
Ngakauroa farm in paddock 6 in the middle of run three (6.45am to 1pm). The
burning was patchy throughout run three. Irrigation of paddock 6 occurred on the
10" of November 2016. Ngakauroa farm is supplied with effluent from the Awaroa

road effluent line.

Event 20

On the 14" of November 2016, tip burning of clover and ryegrass was noticed on
Awaroa farm in paddock 15 in the middle of run two (9.15am to 4pm) and four
(6.30am to 4pm). The burning ran the full length of occurred run three and four but
was light. Irrigation of paddock 15 occurred on the 12 of November 2016. Awaroa
farm is supplied with effluent from the Putiki effluent line.
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Event 21

On the 14" of November 2016, tip burning of clover and ryegrass was noticed on
Laws farm in paddock 33, run one (8.50am to late). The burning ran the full length
of run one but was light and followed the irrigator tire tracks. Irrigation of paddock
33 occurred on the 11" of November 2016. Awaroa farm is supplied with effluent

from the Angle road effluent line.

191



Appendices

Event 22

On the 13" of November 2016, tip burning of clover and ryegrass was noticed on
Awaroa farm in paddock 14, run three (8.50am to 5pm) and six (7.50am to 5pm).
The burning ran down most of run one and six. Irrigation of paddock 14 occurred
on the 10" of November 2016. Awaroa farm is supplied with effluent from the

Angle road effluent line.

Event 23 and 24

On the 13" of November 2016, tip burning of clover and ryegrass was noticed on
Awaroa farm in paddock 15 and 16. There was minimal information on the burning
that occurred in both paddocks. Awaroa farm is supplied with effluent from the
Putiki road effluent line.

Event 25

On the 23" of November 2016, burning of clover and ryegrass was noticed on
Sullivan’s farm in paddock 24. The burning was more severe and ran down most of
run one and six. Date of irrigation of paddock 24 is unknown as the run that burnt
was not reported. Sullivan’s farm is supplied with effluent from the Awakeri

effluent line.
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Event 26

On the 24" of November 2016, burning of clover and ryegrass was noticed on the
Barr farm in paddock 29, run one and six. Burning occurred along most of run one
and run six. Ponding was thought to be the cause of this burning event however,
nitrogen was applied to the paddock the day after irrigation occurred. The Barr farm

is supplied with effluent from the Awakeri effluent line.
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Event 27

On the 25™ of November 2016, tip burning of clover, ryegrass and dock was noticed
on the McDonald farm in paddock 45, run one (8.10am to 4.10pm) and two (5pm
to late). Burning occurred along the whole right side of the paddock where run one
and two had overlapped due to an operator mistake in measurements. Irrigation of
paddock 45 occurred on the 23" of November 2016. McDonalds farm is supplied

with effluent from the Angle road effluent line.
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Event 28 and 29

On the 8" of December 2016, tip burning of clover and ryegrass was noticed on
Rowlands farm in the all of the runs in paddock 3 and run one in paddock 4 (Figure
4-30; 4-31.). Irrigation of paddock 3 occurred on the 4™ and 5" of December 2016.

Rowlands farm is supplied with effluent from the Angle road effluent line.
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Event 30

On the 7" of December 2016, severe burning of clover and ryegrass was noticed on
Ngakauroa farm in paddock 15, runs one, five, six and seven. (Figure 4-32; 4-33;4-
34.). Irrigation of paddock 3 occurred on the 3" to the 6" of December 2016.
Burning was in strips that followed where the irrigator travelled. Ngakauroa farm

is supplied with effluent from the Angle road effluent line.
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Event 31, 32 and 33

On the 71" of December 20186, tip burning of clover and ryegrass was noticed on the
Kokshaun farm in paddock 25, paddock 29 and paddock 30. In paddock 25 run one
(7.13am to 11.30am) and two (11.30am to 2pm) were burnt. In paddock 29 run one
(1.30pm to 4.30pm), two (1.30pm to 4.30pm) and three (6.50am to 11am) burnt and
in paddock 30 run one (8pm to late), two (unknown) and three (unknown) also
burnt. In paddock 25, 29 and 30 burning occurred as patchy strips where mostly
clover burnt. Irrigation of paddock 25, 29 and 30 occurred on the 4" and 7" of
December 2016. The Kokshaun farm is supplied with effluent from the Awakeri

effluent line.

Event 34

On the 9" of December 2016, tip burning of clover and ryegrass was noticed on the

Reeves farm in paddock 19, run two (7.25am to 4pm). The burning of run two was
patchy and in strips following the pattern of the irrigator. Irrigation of paddock 19
occurred on the 61 of December 2016. The Reeves farm is supplied with effluent

from the Awakeri effluent line.

Event 35

On the 10" of December 2016, tip burning of clover and ryegrass was noticed on
the Rowlands farm in paddock 16, run one (12.40pm to 6pm). The whole of run one
was burnt lightly. Irrigation of paddock 16 occurred on the 7" of December 2016.

The Rowlands farm is supplied with effluent from the Angle effluent line.

198



Appendices

Event 36 and 37

On the 10" of December 2016, tip burning of clover and ryegrass was noticed on
the BDL East farm in paddock 14 and 15. In paddock 14, run one (9.10am to ?) was
almost all burnt. In paddock 15, both run one (5.50pm to late) and two (11.45am to
?) burnt the whole run also. Irrigation of paddock 14 occurred on the 7" of
December 2016 and the irrigation of paddock 15 occurred on the 8" and 9" of
December 2016. The BDL East farm is supplied with effluent from the Angle

effluent line.

Event 38

On the 10" of December 2016, light tip burning of clover and ryegrass was noticed
on the Rowlands farm in paddock 15, run one (9.30am to ?). The most of run one
was burnt lightly. Irrigation of paddock 15 occurred on the 9" of December 2016.

The Rowlands farm is supplied with effluent from the Angle effluent line.

199






T0Z

Appendix 4
Weather Data

Air temperautre, Rainfall and Humditiy for September 2016
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September: Wind speed
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September: Solar Radiation
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Air temperautre, Rainfall and Humditiy for October 2016
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October: Wind speed
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Air temperautre, Rainfall and Humditiy for November 2016
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November: Wind speed
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November: Solar Radiation
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Appendix 5
Soil Map of Area

SUIL MAPPING UNITEA
ARRANGFD PHYSIOGRAPHICALLY

1 waneer zomitl e
LM sty

Te Rahu loamy sand, peaty subsoil variant
Matata soils

Pongakawa peaty soil

Poroporo silt loam

Kopeopeo loamy sand

Awakeri sandy loam on shallow peat
Awakaponga silt loam

Te Teko sandy loam

Omehue sandy loam
Awaiti sandy loam
Kawerau loamy coarse sand, motle varient

Matuku silt loam
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Appendix 6
Pilot Trial: Results

Extent of burn on clover and ryegrass on day 1 of pilot trial using visual

damage scale.

Treatments Clover burn (0 —4) Ryegrass burn (0 — 4)
Water only 0 0
Effluent only 216 0 0
Untreated 0 0
KCI 501 0 0
KCI 1194 0 0
Lactose solution 370 1 0
Lactose solution 1406 0 0
Lactose solution + KCI
464 0 0
Lactose solution + KCI

0 0

1311

211
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Extent of burn on clover and ryegrass on day 2 of pilot trial using visual

damage scale.

Treatments Clover burn (0 —4) Ryegrass burn (0 — 4)
Water only 0 0
Effluent only 216 0 0
Untreated 0 0
KCI 501 1 0
KCI 1194 1 0
Lactose solution 370 0 0
Lactose solution 1406 0 1
Lactose solution + KCI 0 0
464

Lactose solution + KCI . 0

1311

212
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Extent of burn on clover and ryegrass on day 3 of pilot trial using visual
damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)
Water only 0 0
Effluent only 216 1 0
Untreated 0 0
KCI 501 1 0
KCI 1194 2 0
Lactose solution 370 1 0
Lactose solution 1406 4 2

Lactose solution + KCI
464 1 0

Lactose solution + KCI
1311

213
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Extent of burn on clover and ryegrass on day 4 of pilot trial using visual

damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)
Water only 0 0
Effluent only 216 1 0
Untreated 0 0
KCI 501 1 0
KCI 1194 1 0
Lactose solution 370 1 0
Lactose solution 1406 4 2
Lactose solution + KCI . .
464

Lactose solution + KCI . .

1311

214
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Extent of burn on clover and ryegrass on day 5 of pilot trial using visual

damage scale.

Treatments Clover burn (0—4) Ryegrass burn (0 — 4)
Water only 0 0
Effluent only 216 1 0
Untreated 0 0
KCI 501 1 0
KCI 1194 3 1
Lactose solution 370 1 0
Lactose solution 1406 3 3
Lactose solution + KCI
464 : :
Lactose solution + KCI

3 2

1311

215
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Extent of burn on clover and ryegrass on day 6 of pilot trial using visual

damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)
Water only 0 0
Effluent only 216 1 0
Untreated 0 0
KCI 501 2 0
KCI 1194 2 1
Lactose solution 370 2 0
Lactose solution 1406 4 3
Lactose solution + KCI
464 : !
Lactose solution + KCI

3 2

1311

216
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Extent of burn on clover and ryegrass on day 7 of pilot trial using visual

damage scale.

Treatments Clover burn (0—4) Ryegrass burn (0 — 4)
Water only 0 0
Effluent only 216 1 0
Untreated 0 0
KCI 501 1 0
KCI 1194 4 2
Lactose solution 370 1 0
Lactose solution 1406 4 3
Lactose solution + KCI
464 1 1
Lactose solution + KCI

3 2

1311

217
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Main Experiment Block 1: Results

Extent of burn on clover and ryegrass on day 1 of the main experiment; block
1 using visual damage scale.

Treatments Clover burn (0 —4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent Only 233 0 0
KCL 382 1 0
KCL 570 1 0
KCL 818 1 0
KCL 1064 3 0
Lactose solution 356 0 0
Lactose solution 656 0 0
Lactose solution 803 0 0
Lactose solution 921 1 0
Lactose solution + KCI 0 0
395

Lactose solution + KCI 0 0
645

Lactose solution + KCI 0 0
847

Lactose solution + KCI
1095

218
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Extent of burn on clover and ryegrass on day 2 of the main experiment; block 1
using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent Only 233 0 0
KCL 382 2 0
KCL 570 2 0
KCL 818 2 0
KCL 1064 4 0
Lactose solution 356 0 0
Lactose solution 656 0 0
Lactose solution 803 0 0
Lactose solution 921 1 0
Lactose solution + KCI 0 0
395

Lactose solution + KCI 0 0
645

Lactose solution + KClI 0 0
847

Lactose solution + KCI . .

1095

219
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Extent of burn on clover and ryegrass on day 3 of the main experiment; block 1
using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 1 0
Untreated 1 0
Effluent only 233 1 0
KCL 382 2 0
KCL 570 1 0
KCL 818 2 0
KCL 1064 4 0
Lactose solution 356 1 0
Lactose solution 656 1 0
Lactose solution 803 1 0
Lactose solution 921 1 0
Lactose solution + KCI 0
395 1

Lactose solution + KCI 0
645 1

Lactose solution + KCI 0
847 1

Lactose solution + KCI
1095

220
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Extent of burn on clover and ryegrass on day 4 of the main experiment; block 1
using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent only 233 0 0
KCL 382 2 1
KCL 570 2 0
KCL 818 2 0
KCL 1064 4 0
Lactose solution 356 0 0
Lactose solution 656 1 0
Lactose solution 803 1 0
Lactose solution 921 1 0
Lactose solution + KCI 0
395 1

Lactose solution + KCI 0
645 2

Lactose solution + KCI 0
847 1

Lactose solution + KCI
1095

221
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Extent of burn on clover and ryegrass on day 5 of the main experiment; block 1
using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent only 233 1 0
KCL 382 1 0
KCL 570 1 0
KCL 818 3 0
KCL 1064 4 1
Lactose solution 356 0 0
Lactose solution 656 1 0
Lactose solution 803 0 0
Lactose solution 921 0 1
Lactose solution + KCI 0
395 1

Lactose solution + KCI 0
645 1

Lactose solution + KCI 0
847 1

Lactose solution + KCI
1095

222
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Extent of burn on clover and ryegrass on day 6 of the main experiment; block 1
using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent only 233 1 0
KCL 382 1 0
KCL 570 2 0
KCL 818 1 0
KCL 1064 3 1
Lactose solution 356 0 0
Lactose solution 656 1 0
Lactose solution 803 0 0
Lactose solution 921 0 1
Lactose solution + KCI 0
395 1

Lactose solution + KCI 0
645 1

Lactose solution + KCI 0
847 1

Lactose solution + KCI
1095

223
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Extent of burn on clover and ryegrass on day 8 of the main experiment; block 1
using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent only 233 1 0
KCL 382 1 1
KCL 570 0 0
KCL 818 0 1
KCL 1064 0 0
Lactose solution 356 0 0
Lactose solution 656 0 1
Lactose solution 803 0 1
Lactose solution 921 0 1
Lactose solution + KCI 0 0
395

Lactose solution + KCI 0 0
645

Lactose solution + KCI 0

847 2
Lactose solution + KCI 0

1095 1
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Extent of burn on clover and ryegrass on day 10 of the main experiment; block
1 using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 2
Untreated 0 1
Effluent only 233 0 1
KCL 382 0 1
KCL 570 0 1
KCL 818 0 0
KCL 1064 0 0
Lactose solution 356 0 1
Lactose solution 656 0 1
Lactose solution 803 0 2
Lactose solution 921 0 1
Lactose solution + KCI 0

395 1
Lactose solution + KCI 0

645 1
Lactose solution + KCI 0

847 0
Lactose solution + KCI 0

1095 2
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Main Experiment Block 2: Results

Extent of burn on clover and ryegrass on day 1 of the main experiment; block
2 using visual damage scale.

Treatments Clover burn (0 —4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent only 202 0 0
KCL 440 0 0
KCL 604 0 0
KCL 797 0 0
KCL 990 0 0
Lactose solution 365 0 0
Lactose solution 570 0 0
Lactose solution 768 0 0
Lactose solution 967 0 0
Lactose solution + KCI 0 0
370

Lactose solution + KCI 0 0
421

Lactose solution + KCI 0 0
876

Lactose solution + KCI 0 0
993

226
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Extent of burn on clover and ryegrass on day 2 of the main experiment; block
2 using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)
Water only 0 0
Untreated 0 0
Effluent only 202 1 0
KCL 440 1 0
KCL 604 1 0
KCL 797 1 0
KCL 990 1 0
Lactose solution 365 1 0
Lactose solution 570 1 0
Lactose solution 768 1 0
Lactose solution 967 1 0

Lactose solution + KCI

1 0
370
Lactose solution + KCI

0 0
421
Lactose solution + KCI . 0
876
Lactose solution + KCI

1 0

993

227
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Extent of burn on clover and ryegrass on day 3 of the main experiment; block 2
using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent only 202 1 0
KCL 440 1 0
KCL 604 2 0
KCL 797 3 0
KCL 990 4 0
Lactose solution 365 1 0
Lactose solution 570 1 0
Lactose solution 768 1 0
Lactose solution 967 1 0
Lactose solution + KCI 1 0
370

Lactose solution + KCI 1 0
421

Lactose solution + KCI 1 0
876

Lactose solution + KCI 1 0
993

228
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Extent of burn on clover and ryegrass on day 4 of the main experiment; block
2 using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent only 202 1 0
KCL 440 1 0
KCL 604 2 2
KCL 797 3 0
KCL 990 4 3
Lactose solution 365 1 0
Lactose solution 570 1 0
Lactose solution 768 1 2
Lactose solution 967 1 0
Lactose solution + KCI 1 0
370

Lactose solution + KCI 1 0
421

Lactose solution + KCI
876 2 2

Lactose solution + KCI
993 1 0
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Extent of burn on clover and ryegrass on day 5 of the main experiment; block
2 using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)
Water only 0 0
Untreated 0 0
Effluent only 202 2 0
KCL 440 1 0
KCL 604 2 2
KCL 797 2 1
KCL 990 3 1
Lactose solution 365 1 1
Lactose solution 570 1 0
Lactose solution 768 1 2
Lactose solution 967 2 1

Lactose solution + KCI
370 1 0

Lactose solution + KCI
421 1 1

Lactose solution + KCI
876 2 1

Lactose solution + KCI
993 2 1
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Extent of burn on clover and ryegrass on day 7 of the main experiment; block
2 using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 1
Untreated 0 0
Effluent 0 0
KCL 440 2 2
KCL 604 2 0
KCL 797 0 0
KCL 990 2 2
Lactose solution 365 1 1
Lactose solution 570 0 1
Lactose solution 768 1 0
Lactose solution 967 1 0
Lactose solution + KCI 0

370 0
Lactose solution + KCI " .
421

Lactose solution + KCI , ,
876

Lactose solution + KCI . .

993

231



Appendices

Extent of burn on clover and ryegrass on day 9 of the main experiment; block
2 using visual damage scale.

Treatments Clover burn (0 — 4) Ryegrass burn (0 — 4)

Water only 0 0
Untreated 0 0
Effluent 0 0
KCL 440 1 1
KCL 604 0 0
KCL 797 0 0
KCL 990 1 2
Lactose solution 365 1 0
Lactose solution 570 0 0
Lactose solution 768 1 0
Lactose solution 967 0 0
Lactose solution + KCI

0 0
370
Lactose solution + KCI

0 0
421
Lactose solution + KCI 0 .
876
Lactose solution + KCI

0 0

993

232
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Burning Scale

Burning Scale

Burning Scale

Burning Scale

Appendix 7

Pilot Experiment: Results
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Burning Scale

Burning Scale

Burning Scale

Burning Day 5: Clover
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Burning Scale

Burning Scale

Burning Scale

Burning Scale
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Burning Scale

Burning Scale

Burning Scale
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Burning Day 4: Clover ®0
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Burning Day 9: Clover
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Pilot Trial: Total Sodium vs clover burning
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Pilot Trial: Total dissvoled solids vs ryegrass burning
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Pilot Trial: Total Nitrite-N vs clover burning
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Main experiment; Block 1: Results
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Main experiment 1: Total Sodium vs ryegrass burning
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Main experiment 1: Total Nitrate-N vs ryegrass burning
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Main experiment 1: Total Magnesium vs clover burning
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Main experiment; Block 2: Results

Main experiment 2: pH vs clover burning
4 °

y =0.1083x2 - 1.0497x + 4.2197

o3 R?=0.0074 °

3

(%]

[

oo

©

£2 e oo . °
A | et
©

2

$1 oo

pH

Main experiment 2: pH vs ryegrass burning

4
% y =-0.8225x? + 8.3988x - 19.669
&3 R?=0.2878
(0]
o1
©
IS
©
[a)
32
]
>
1
0 1 2 3 4 5 6 7
pH
Main experiment 2: Sodium Absorption Ratio vs clover burning
4 (]
3 ° y = 0.0012x2 - 0.0675x + 2.4384
[J]
L R?=0.0528
&
AR R
@ 2 @  TTtt-eelll o0 ° ° °
E ..........................
| e
o
51 o0 ° ° °
2
0 e
0 5 10 15 20 25 30 35 40

Sodium Absorption Ratio

264



Appendices

Visual Damage Scale

Main experiment 2: Sodium Absorption Ratio vs clover burning
4 y = 0.3501In(x) + 0.4187
R?=0.1583
3 [ |
2 Em m Em
1 = m m m m
0 '‘m u
0 5 10 15 20 25 30 35 40
Sodium Absorption Ratio

Visual Damage Scale

Visual Damage Scale

Main experiment 2: Total Sodium vs clover burning

4 °
y = 9E-08x? - 0.0006x + 2.4506
3 ° R2 = 0.0659
) e ........._......’ " ) ®
1 ® o [ ] [ ] [ ]
0 °
0 1,000 2,000 3,000 4,000 5,000 6,000

Total Sodium (g/m3)

Main experiment 2: Total Sodium vs ryegrass burning

4
y = 0.2332In(x) - 0.3333

3 n R?=0.1913

2 | H B |

0 1,000 2,000 3,000 4,000 5,000 6,000
Total Sodium (g/m3)

265



Appendices

Visual Damage Scale
N w

[EEN

w

[EnY

Visual Damage Scale
N

Visual Damage Scale
N w

[Eny

Main experiment 2: Total Nitrogen vs clover burning

°
y =-0.0151x% + 0.2179x + 1.1758
° R?=0.0531
@ 0 O e e o
e o o e o
®
2 4 6 8 10 12 14

Total Nitrogen (g/m3)

Main experiment 2: Total Nitrogen vs ryegrass burning

y =0.1774In(x) + 1.038
R? = 0.0266

2 4 6 8 10 12 14
Total Nitrogen (g/m3)

Main experiment 2: Total Nitrite-N vs clover burning

®
y =-0.1355x? + 1.1923x - 0.7744
R2 =0.4925
............... e o
® P °
o
1 2 3 A : )

Total Nitrite-N (g/m3)

266

16

16



Appendices

Visual Damage Scale
N w

[EEN

w

[EEN

Visual Damage Scale
N

Visual Damage Scale
N w

[Eny

Main experiment 2: Total Nitrite-N vs ryegrass burning

y =0.1774In(x) + 1.038
R?=0.0266

2 4 6 8 10 12 14 16
Total Nitrite-N (g/m3)

Main experiment 2: Total Nitrate-N vs clover burning

®
y =-0.0151x? + 0.2179x + 1.1758
R?=0.0531
®
® O O o o o
e o o e o
2 4 6 8 10 12 14 16

Total Nitrate-N (g/m3)

Main experiment 2: Total Nitrate-N vs ryegrass burning

y =0.1774In(x) + 1.038
R2=0.0266

2 4 6 8 10 12 14 16
Total Nitrate-N (g/m3)

267



Appendices

Main experiment 2: Sulphate vs clover burning
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Main experiment 2: Total Sulphur vs clover burning
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