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Nitrogen attenuation factor, AFn
Nitrogen can be attenuated ‘reduced’ by different biogeochemical
processes (e.g. denitrification, uptake, and assimilation) on its journey
after leaching from the soil profile ‘root zone’ till it reaches the sampling
point at the catchment outlet. The nitrogen attenuation ‘reduction’
capacity of a catchment can be assessed by comparing the estimates of
nitrogen leached from the root zone to the measured nitrogen load in
the river in the catchment (Ausseil, 2012; Clothier et al., 2007; Roygard
& Clark, 2012). We defined and quantified the nitrogen attenuation
‘reduction’ capacity as the nitrogen attenuation factor (Singh et al.,
2014), noted as
, as follows:

Introduction
A sound understanding of sources, transport, transformation and
fate of nutrients (N & P) lost from farms to rivers and lakes is crucial to
manage and mitigate any adverse impacts of agricultural intensification
on water quality and freshwater ecosystems. The cycling and leaching of
nitrogen in the soil profile (root zone) is reasonably well understood, but
there is limited information available about its transport and
transformation NZ agricultural catchments (Singh et al., 2014).
Catchment characteristics, like land use, topography, rainfall, soil type
and underlying geology may affect the transport and transformation of
nutrients runoff and/or leached from farms to surface and ground
waters (Young et al., 1996). A full identification of these characteristics
and their subsequent modifications, either natural or anthropogenic, is
required for a better understanding of the spatial and temporal
variations observed in nutrient concentrations and their influence on
water quality at a catchment scale (Barlow et al., 2009; Heathwaite &
Johnes, 1996; Quinn, 2004). Thus, the catchment scale studies are
inevitable for land use and management decisions (Heathwaite &
Johnes, 1996).
A number of studies have investigated the relationship between
catchment characteristics and surface water quality. All these studies
have found significant correlations between different catchment
characteristics (e.g. soil texture, soil drainage, base flow index and
geology) and the river water quality (mainly nitrate concentration)
(Davies and Neal, 2007; Jarvie, Oguchi, and Neal 2002; Meynendonckx et
al. 2006; Schilling and Lutz 2004; Thornton and Dise 1998). However,
none of these studies have assessed the relationship between different
catchment characteristics and their capacity to attenuate ‘reduce’
nitrogen lost from farms to rivers and lakes.
In New Zealand, Alexander et al. (2002) calculated the landscape
yield (kg ha-1 yr-1) and watershed yield (kg ha-1 yr-1) for the Waikato river
system. Based on their results, Clothier et al. (2007) calculated the
nitrogen transmission factors (ℜ; nutrient load in the river divided by
nitrogen leaching from the root zone) for the Waikato river system and
its sub-catchments which varied from 0.25 to 0.61. Using the river water
quality and flow data and average nitrogen leaching rates from farms,
Clothier et al. (2007) calculated the nitrogen transmission factor (ℜ) for
sheep/beef and dairy areas to be 0.50 in the upper parts of the
Manawatu catchment. However, these studies also did not investigate
the relationship between different catchment characteristics and their
capacity to attenuate ‘reduce’ nitrogen lost from farms to the river.
There is a need for an improved understanding about the spatial
variation of nitrogen attenuation capacity and how it is influenced by
different catchment characteristics. Therefore, the main goals of this
study were to (1) define and quantify the spatial variation of nitrogen
attenuation ‘reduction’ capacity, and (2) evaluate the relationship
between the nitrogen attenuation ‘reduction’ capacity and the
catchment characteristics in the TGWMZ of the Manawatu River
catchment.

Where:
(Eq. 2); and

(Eq. 3)

= Nitrogen leaching from the root zone (M/T);
= Soluble inorganic nitrogen load in the river (M/T);
= Area of land use type (L2);
= Average annual nitrogen loss rate for land use type (M/L2/T);
= Conversion factor to convert the calculated values into a specific
unit;
= Average flow (L3/T) of the ith flow decile bin;
= Average soluble inorganic nitrogen concentration (M/L3) of
the ith flow decile bin;
= Number of flow decile bins; and
= Expected population size (365 for a year; 366 on leap years).

Figure 1: Location and topography of the Tararua Groundwater Management
Zone (TGWMZ) in the Manawatu River catchment. Inset shows the location of
the TGWMZ in the Manawatu River catchment in the North Island, NZ.
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According to this definition, the value of
varies from 0 to 1, with
0 implying no nitrogen attenuation and 1 indicating a complete nitrogen
attenuation. Thus,
of 0.60 indicates that 60% of nitrogen is
attenuated along its flow pathway, after leaching from the root zone and
before reaching the river.
We quantified the nitrogen attenuation factor,
based on the
estimates of nitrogen leaching from the root zone and the nitrogen load
measured in the river at 15 sites in the Tararua Ground Water
Management Zone (GWMZ) of the Manawatu River catchment (Fig. 1).
TGWMZ is located in the upper part of The Manawatu River catchment, to
the East of the Manawatu gorge, and covers an area of 3192 km2 (Fig. 1).
The topography in the TGWMZ varies from 60 m to 1497 m with an
average of 316 m above msl. The major soil texture types are the silt loam
(53%) and sandy loam (16%), and the major rock types are mudstone
(42%) and gravel (31%). The dominant land use types are the sheep/beef
farming (64%), native cover (17%) and dairy (16%).
Horizons Regional Council (HRC) monitors water quality and river flow
at a number of sites across the region including Manawatu River
catchment. We used 15 water quality and river flow monitoring sites in
the TGWMZ to delineate their contributing areas ‘sub-catchments’
upstream of each site. The resulting shapefiles from the delineation
process were used to extract the characteristics of each sub-catchment
(e.g. soil types, rock types, and land use). We got the various geographic
information layers, used to extract sub-catchment characteristics, from
different sources. The digital elevation model (DEM) and the soil map
(Fundamental Soil Layer “FSL”) were obtained from the Land Resource
Information System (LRIS) Portal (https://lris.scinfo.org.nz/). The
geological layers (QMaps) were obtained from the Institute of Geological
and Nuclear Sciences Limited (GNS Science). HRC provided the land use
map of 2013. HRC also provided the 15 minutes measurements of river
flow (derived from the stage-discharge relationship) recorded at the study
sites. In addition, HRC also provided the monthly measured water quality
parameters (e.g. ammoniacal-nitrogen, nitrate-nitrogen and nitritenitrogen) at the study sites. We used the available flow and water quality
data for 25 years (from 1990 to 2014) to calculate the soluble nitrogen
load in the river.
A number of calculation methods has been developed to use the
limited water quality data and frequent river flow measurements to
estimate nutrient loads in the rivers . Flow stratified average method
(FS) has been used in many studies in New Zealand to calculate nutrient
loads in streams and rivers (Roygard & McArthur, 2008; Roygard et al.,
2012; Roygard & Clark, 2012).
The robustness of the FS method (Eq. 3) stems from its ability to: (1)
investigate how measured loads fluctuate with different flows; (2)
calculate the relative contributions from point sources and non-point
sources to the load in each flow decile bin; and (3) estimate the loads that
occur below flood flows (the highest 20% of the flows or flows that occur
20% of the time or less) (Roygard & McArthur, 2008; Roygard et al., 2012;
Roygard & Clark, 2012). Many authors suggested that using a composite
nutrient load calculation method such as FS method increases the
accuracy and precision in the nutrient load estimation (Aulenbach &
Hooper, 2006; Quilbé et al., 2006; Richards, 1998). Elwan et al., (2014)
evaluated different nutrient load calculation methods and found that the
FS method resulted in the lowest bias and root mean square error (RMSE)
in estimating the annual nutrient loads for different water quality
parameters at various sampling frequencies in the Manawatu River at the
Teachers college site in Palmerston North, NZ. Thus, we used the FS
method in this study to calculate the average annual soluble nitrogen
river load
(ton yr-1) for each sub-catchment, using the available
monthly water quality (ammoniacal-nitrogen, nitrate-nitrogen and nitritenitrogen concentrations) and 15 minutes river flow data from 1990 to
2014 for the study sites in the TGWMZ.
The quantification of
(Eq. 1) for each sub-catchment also requires
estimates of the nitrogen leaching from the root zone ( ; Eq. 2). The
nitrogen leaching from the root zone ( ; Eq. 2) was calculated through
(1) assigning average annual nitrogen loss rates (kg ha-1 yr-1) for each
land use type; (2) multiplying the assigned average annual nitrogen loss
rate
(kg ha-1 yr-1) by the area
(ha) of each land use in the subcatchment; and (3) adding up all land uses contribution for each subcatchment to get the total average annual nitrogen leaching from the root
zone
(ton yr-1) for the sub-catchment. The major land use areas in the2
TGWMZ are sheep/beef (204,884 ha), native cover (53,998 ha) and dairy
(49,856 ha).
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The Experimental Scientist
This WISPAS we honour as our Professional – The
Experimental Scientist.

Hands on
Crucial to science education is hands-on involvement: showing, not
just telling; real experiments and field trips and not just 'virtual
reality.'
Martin Rees

Wrong
It is crucial for scientists to be willing to be wrong; otherwise, you
might not do the most important experiments, or you may ignore
your most important findings.
Stanley Prusiner

Swearing & Pain
Although a common pain response, whether swearing alters
individuals' experience of pain has not been investigated. This study
investigated whether swearing affects cold-pressor pain tolerance
(the ability to withstand immersing the hand in icy water), pain
perception and heart rate. In a repeated measures design, pain
outcomes were assessed in participants asked to repeat a swear
word versus a neutral word. In addition, sex differences and the
roles of pain catastrophising, fear of pain and trait anxiety were
explored. Swearing increased pain tolerance, increased heart rate
and decreased perceived pain compared with not swearing. The
observed pain-lessening (hypoalgesic) effect may occur because
swearing induces a fight-or-flight response and nullifies the link
between fear of pain and pain perception.
“Swearing as a response to pain”
Stephens, Richard; Atkins, John; Kingston,
Andrew Neuroreport. 20(12):1056-1060,
August 5, 2009

Three Kinds of Science
There are three kinds of science experiments, and they’re easy to
tell apart: If it’s green, it’s biology, if it smells, it’s chemistry, if it
doesn’t work, it’s physics.
Anonymous first-year physics tutor

The average annual nitrogen leaching rates (kg ha-1 yr-1) for each
land use were obtained from Roygard & Clark (2012), i.e. 2.4 from native
cover, 4 from exotic cover, 50.5 from cropping, 80 from horticulture, 3
from built-up/other areas, and 16 from sheep/beef. The average annual
nitrogen leaching rate (kg ha-1 yr-1) from dairy was assigned as 33.9
based on the average value from all simulated
loss (kg ha-1 yr-1) from
the dairy farms in the Mangatainoka catchment (HRC, 2015, pers.
comm.).
The collected geographical information such as land use, soil types,
rock types, topography (DEM), rainfall and river flow records were used
to extract key physical characteristics of each-sub-catchment in the
study area. The average daily river flow records were used to separate
the base flow (i.e. groundwater component in the river flow) from the
total river flow. Base flow was separated from the river flow using the
local minimum method of the of the Web-based Hydrograph Analysis
Tool (WHAT) system (Lim et al., 2005). Then, base flow index (BFI) was
calculated by dividing the base flow with the total stream flow. Finally, a
regression analysis was conducted in R (R Core Team, 2013) to evaluate
the relationships between different catchment characteristics and
estimated
values across the TGWMZ.

According to the equations (1, 2 and 3), the uncertainty associated
with the
values for all sub-catchments in the TGWMZ are due to
either the land use area (ha), the average annual nitrogen loss rates
(kg ha-1 yr-1) for each land use type, and/or the average annual river
nitrogen load estimation
(ton yr-1). Elwan et al., (2014) assessed
the uncertainty in the annual river load estimates
(ton yr-1) as a
result of different sampling frequency and nutrient load estimation
methods using the daily measurements of water quality parameters
(including soluble inorganic nitrogen) at the Manawatu teachers
college site from May 2010 to April 2011. According to Elwan et al.,
(2014), the flow stratified average method (FS) resulted into very low
bias, i.e. -1.56 % of the true load for soluble nitrogen in case of
monthly sampling frequency. Thus, the river nitrogen load estimation
is not considered as the main source of uncertainty in estimating
values for different sub-catchments in the TGWMZ.
The average annual nitrogen loss rates (kg ha-1 yr-1) for major
land uses (i.e. native cover, sheep/beef, and dairy) are considered to
be a major source of uncertainty in the estimation of
values in the
TGWMZ. The uncertainty in average annual nitrogen loss rates (kg
ha-1 yr-1) from other minor land use types is expected to have a minor
influence on the estimates of
values for different sub-catchments
in the TGWMZ. For instance, if the average annual nitrogen loss rate
of 80 (kg ha-1 yr-1) for horticulture land use was varied by ± 30%, the
values remained the same. Similarly, if the average annual
nitrogen loss rates
(kg ha-1 yr-1) for cropping, built-up and exotic
cover land uses were varied by ± 30%, the
values remained
almost the same without any significant changes. This is due to the
small area of these land uses in different sub-catchments of the
TGWMZ.
On the contrary, the uncertainty in the average annual nitrogen
loss rate (kg ha-1 yr-1) for land uses with large areas may result in
large influence on the estimates of
values for different subcatchments in the TGWMZ. For instance, if the average annual
nitrogen loss rate of 2.4 kg ha-1 yr-1 for native cover was varied by
+30%, the resulting
values changed from 0.29 to 0.32 (0.26 in
case of -30% variation) for the Kumeti at Te Rehunga sub-catchment,
and from 0.46 to 0.49 (0.44 in case of -30% variation) for the
Mangahao at Balance Rd sub-catchment. This is due to the large area
of the native cover in these sub-catchments which accounts for 65%
and 66% of the total area in the sub-catchments, respectively.
Similarly, if the average annual nitrogen loss rate of 33.9 kg ha-1 yr-1
for dairy land use was varied by + 30%, the
values changed from
0.30 to 0.43 (0.10 in case of -30% variation) for the Oruakeretaki at
SH2 sub-catchment, from 0.29 to 0.41 (0.10 in case of -30% variation)
for the Kumeti at Te Rehunga sub-catchment, and from 0.37 to 0.47
(0.23 in case of -30% variation) for the Mangatainoka at Pahiatua
Town Bridge sub-catchment. If the average annual nitrogen loss rate
of 16.0 kg ha-1 yr-1 for sheep/beef land use was varied by + 30%, the
values changed from 0.29 to 0.45 (0 in case of -30% variation) for
the Makuri at Tuscan Hills sub-catchment, from 0.37 to 0.44 (0.28 in
case of -30% variation) for the Tamaki at Stephensons sub-catchment,
and from 0.37 to 0.43 (0.29 in case of -30% variation) for the
Mangatainoka at Pahiatua Town Bridge sub-catchment. The another
source of uncertainty in the estimates of the
values could be
changes in land use, particularly major land uses in the TGWMZ along
with higher average annual nitrogen loss rates (kg ha-1 yr-1) (e.g. 33.9
kg ha-1 yr-1 for dairy and 16 kg ha-1 yr-1 for sheep/beef) over the time
period considered from 1990 to 2014. Due to the limited data
available, we could not account for changes in the land use
throughout the period of study (from 1990 to 2014).
Regardless of the uncertainty associated, the estimates of
values suggest a significant nitrogen attenuation ‘reduction’ capacity
in the TGWMZ, and this capacity appears to be spatially variable
across the sub-catchments. This is also supported by the variations in
the redox status of the groundwater observed in the TGWMZ as
outlined in Rivas et al. (2014). As shown in figure (3) below, subcatchments with higher
values (i.e. high capacity to attenuate
nitrogen) have mostly wells in the reducing conditions. On the
contrary, sub-catchments with lower
values (i.e. less capacity to
attenuate nitrogen) have mostly wells in the oxidizing conditions.

Spatial variation of nitrogen attenuation ‘reduction’
capacity
We found that estimated nitrogen attenuation factor
, for the
15 sub-catchments in the TGWMZ (Fig. 2), ranges from 0.29 (Makuri at
Tuscan Hills and Kumeti at Te Rehunga sub-catchments) to 0.75
(Manawatu at Weber Rd and Raparapawai at Jackson Rd subcatchments). The
for the whole TGWMZ (i.e. Manawatu at Upper
Gorge site) was estimated at 0.58, suggesting that about 58% of the
nitrogen leached from the root zone is attenuated ‘reduced’ before
flowing out of the TGWMZ. These estimated
values for the TGWMZ
match well with the
values in other catchments in New Zealand
which ranges from 0.3 to 0.7 (Alexander et al., 2002; Clothier et al.,
2007; Roygard & Clark, 2012). The
values derived from table 10 in
Alexander et al. (2002) ranges from 0.39 for Waipa to 0.75 for Taupo
with an average of 0.45 for the whole Waikato River System.

Figure 2: Spatial distribution of the nitrogen attenuation factor for 15 subcatchments in the Tararua Groundwater Management Zone (TGWMZ).
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Relationships between catchment characteristics
and nitrogen attenuation ‘reduction’ capacity
A linear regression analysis between the estimated
values and
various sub-catchments characteristics showed that there is a negative
relationship between
and the percentage of well-drained soils
(e.g. soils with drainage class 5 in the FSL) in the sub-catchments (R2=0.35, p <0.05) (Table 1). The well-drained soils are characterized by
high infiltration capacity and as a result faster movement of water (i.e.
shorter travel time to groundwater) which will result in less
denitrification (Meynendonckx et al. 2006; Mueller et al., 1997). Thus,
the sub-catchments or catchments characterized by larger proportions
of well-drained soils are expected to have lower capacity to attenuate
nitrogen flow from farms to rivers and lakes. One the other hand, the
fine textured soils (e.g. clay loam) showed a positive relationship with
the
values (R2=0.37, p <0.05) (Table 1). The slow movement of
water in fine textured soils implies longer travel ‘residence’ time and
thus enough time for denitrification to take place. Thus, the subcatchments or catchments with larger proportions of fine textured
soils are expected to have higher capacity to attenuate nitrogen flow
from farms to rivers and lakes.
The underlying geology is further expected to have a major
influence on flow and travel time of water from farms to rivers and
lakes in a catchment (Güler & Thyne, 2004). Base flow index BFI is
considered as a catchment descriptor that can indicate the influence
of geology on water flow pathways (Smakhtin, 2001). Higher values of
BFI indicate permeable catchments, whereas lower values of BFI
indicate impermeable catchments (Lacey & Grayson, 1998; Tallaksen
& Van Lanen, 2004). Davies & Neal (2007) found positive relationship
between mean nitrate concentration and BFI in catchments across the
UK. This could be explained by catchment permeability and associated
groundwater residence time. As higher values of BFI indicate
permeable catchments, it is expected to have less groundwater
residence time in these permeable catchments, less time for
denitrification and as a result high levels of nutrient concentration in
the rivers. If BFI has positive relationship with nitrogen concentration
in rivers, it implies that BFI should have negative relationship with the
nitrogen attenuation capacity of the catchment (i.e.
). That is what
we found in our study that the
has a negative relationship with
BFI (R2= -0.31, p <0.05) (Table 1). Thus, the sub-catchments or
catchments with relatively lower permeability are expected to have
higher capacity to attenuate nitrogen flow from farms to rivers and
lakes.
Table 1: Results of linear regression analysis between the
and catchments characteristics

Figure 3: The
values for all sub-catchments in the TGWMZ match with
the redox status of the groundwater (Rivas et al., 2014). Wells in the reducing
conditions are mainly located in sub-catchments with the high
values
(green catchments), whereas wells in the oxidising conditions are located in
sub-catchments with the low
values.

values

Catchment Characteristics
R2

p

Well-drained (e.g. soils with
drainage class 5) soils*

-0.35

<0.05

Fine textured (e.g. clay
loam) soils

0.37

<0.05

Base Flow Index (BFI)

-0.31

<0.05

*Soils

with drainage class 5, in the Fundamental Soil Layer “FSL”, are
well-drained soils.

Conclusions
Assessment and management of water quality in agricultural
catchments require better understanding of sources, transport,
transformation and fate of nutrients (N & P) run-off and leaching from
farms to river and lakes. We defined and quantified the nitrogen
attenuation ‘reduction’ factor
for 15 sub-catchments in the
TGWMZ and further investigated its relationship with different subcatchment characteristics through a regression analysis.
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Our results showed that the
values differ spatially from one
sub-catchment to another as a function of the sub-catchment
characteristics. The estimated
values varied from 0.29 to 0.75 for
the 15 sub-catchments with an overall value of 0.58 for the whole
TGWMZ. The variations in estimates of
values showed a spatially
correlation with the redox status of the groundwater in different subcatchments. We found that sub-catchments with higher capacity to
attenuate nitrogen (i.e. higher
values) are dominated by wells in
the reducing conditions. On the contrary, sub-catchments with lower
capacity to attenuate nitrogen (i.e. lower
values) are dominated
by wells in the oxidizing conditions.
A regression analysis showed that the
values have a positive
relationship with the fine textured soils (e.g. clay loam) whereas it has
a negative relationship with well-drained soils and base flow index (BFI)
for different sub-catchments in the TGWMZ. This suggests that
permeable sub-catchment or catchments characterized by well-drained
soils and relatively high permeability underlying geology results in
larger and faster movement of water as groundwater, i.e. higher base
flow and less time in the subsurface for denitrification and
consequently higher levels of nitrogen in the river (i.e. low
). On
the contrary, sub-catchments or catchments characterized by fine
textured soils and relatively lower permeability underlying geology
results in less and slower movement of water as groundwater, i.e.
lower base flow and more time in the subsurface for denitrification and
consequently lower levels of nitrogen in the river (i.e. higher
).
We hypothesize that the
is a catchment descriptor that can
quantify the nitrogen attenuation ‘reduction’ capacity at subcatchment or catchment scale, and that different
values are
associated with sub-catchment or catchments with different
characteristics. This needs more research to reduce uncertainty in
quantification of the
for different sub-catchments in NZ
agricultural catchments. We plan to further calculate sub-catchment
and catchment level water balance and evaluate that there is no
bypass flow at the water quality monitoring site (to ensure that the
delineated surface water catchment match with the groundwater
catchment). In addition, more field measurements are required for
better estimates of the average annual nitrogen loss rates (kg ha-1 yr1) for larger and intensive land use types, i.e. native cover, sheep/beef
and dairy. Furthermore, we recommend that the changes in land use
(mainly sheep/beef and dairy) over time to be assessed and evaluate
the uncertainty associated with these changes on the
values and
its relationship with different catchment characteristics.
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Nutrient Management of
Avocados in Kenya
Plant & Food are working on a NZ Aid project in Kenya in
partnership with the company Olivado which produces avocado oil
from over 1300 small-holder farmers. In the project, we are
developing sustainable production systems to improve the supply of
high quality organically-grown avocados.
Improved avocado
production will increase the revenue stream for these small-holder
farmers.
We surveyed soil and plant nutrient contents in the main avocado
production regions to assess the current fertility status of the farms.
Avocados are grown in the Central Highlands of Kenya and we
established monitoring farms at the low, mid, and high altitudes in
the Kandara valley and around the towns of Embu and Nyeri.

Roberta Gentile collecting soil samples in the Kandara Valley in the Central
Highlands of Kenya
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Soils in this region are classified as Nitisols, deep red soils with a
nut-shaped structure and high iron content (Jones et al. 2013). These
soils have low levels of organic matter and low pH as shown in Figure 1.
Our soil sampling revealed a decrease in pH and increase in organic
matter with altitude in the Kandara valley. This observed gradient is
likely attributable to the higher amounts rainfall received in the higher
altitudes of the valley, which can increase organic matter production
and leach base cations from the soil. The cation exchange capacity
(CEC) of these soils is in the medium range owing to the high clay
content (75-80 %) of these soils.

How do we manage nutrients on these farms? The majority of the
small-holder farms supplying avocados to Olivado use organic
production methods. This means organic amendments such as plant
residues, composts and animal manures are required to replenish the
nutrients that are exported from the farms and improve soil fertility.
Even better, the input of organic materials will build-up soil organic
matter levels, which benefits soil conservation, water holding capacity,
pH buffering, and soil biological activity.
We are developing simple nutrient budgets for these avocado trees
using yield and fruit nutrient concentration data to assess the quantity
of nutrients being exported off-farm in the harvested crop (Table 1).

Very high
High
Medium
Low
Very low

Table 1. Harvest nutrient losses from a tree producing 100 kg
avocados.

pH
6.0-6.6

%
7-17

me/100g
12-25

%
60-85

6.2
6.3
5.3
5.4

5.9
4.3
5.4
5.3

23
22
17
16

74
71
47
46

5.0
5.0
4.9

5.5
4.4
5.4

15

44

F01-606
F01-651
F02-194A

4.6
5.1
4.4

8.3
9.7
12.9

19

18

F03-007
F03-011
F04-019 A

5.8
6.3
6.2

5.0
4.1
5.4

20
18
23

63
78
23

F07-016
F07-034
F07-059

6.3
5.3
6.0

5.8
4.5
5.8

24
19
24

82
53
75

Medium range

Nutrient
Nitrogen
Phosphorus
Potassium

Organic
Base
matter CEC saturation

Low Kandara
F02-001
F02-368
F01-078
F01-431

Using the nutrient concentrations of locally available organic
amendments, we can provide recommendations on the amount of
organic material needed to sustain soil fertility. For example, nutrient
concentrations of manure vary by animal source as shown in Table 2
(Lesschen et al. 2007).

Mid Kandara
F02-187
F02-189
F02-218

Table 2. Fresh weight nutrient composition of different animal
manures (adapted from Lesschen et al. 2007).

High Kandara

Nutrient
Nitrogen (%)
Phosphorus (%)
Potassium (%)

Embu

Figure 1. Soil chemical properties of monitoring farms located in high, mid and
low altitudes of the Kandara valley and the towns of Embu and Nyeri. Mean
property values are colour coded from high to low ranges.

Soil and leaf nutrient analyses of the monitoring farms showed
similar trends in nutrient availability. Figure 2 reveals low levels of the
macronutrients nitrogen and phosphorus and the micronutrient boron
in these soils. These nutrients are essential for avocado growth and
production. One challenge to improve avocado productivity is finding
ways to improve soil nutrient availability and tree nutrition.

Major nutrient

P
mg/L
25-50

K

Ca

Mg

Na

Fe Mn Zn Cu

me/100g me/100g me/100g me/100g mg/L
0.5-0.8 7.0-18.0 1.0-3.0 0.0-0.50

B

mg/L
50-400

mg/L
2-10

mg/L
mg/L
1.0-5.0 4.0-6.0

219
167

1862
1953

54
36

3.8
2.8

1.8
2.0

276

1538

15

8.4

1.3

Nitrogen
Phosphorus
Potassium

Low Kandara
F02-001
F02-368
F01-078
F01-431

0.32
0.24
0.29
0.28

6
7
7
4

2.0
3.1
0.7
0.7

10.8
9.5
5.3
4.2

4.1
3.3
2.3
2.4

<0.05
<0.05
<0.05
<0.05

Goat
0.79
0.20
0.50

Poultry
1.08
0.39
0.35

Table 3. Nutrient replacement calculations on a per tree basis for
avocados yielding 100 kg.

Very high
High
Medium
Low
Very low

%
Medium range 0.3-0.6

Cattle
0.76
0.15
0.67

A single cow is estimated to produce 1550 kg of manure per year
(Lesschen et al. 2007). Using the manure produced by a single cow as
an example, we can calculate the amount of cattle manure needed to
replace the nutrients harvested in a 100 kg avocado crop (Table 3), and
the potential number of trees that a single cow may fertilise. For
example, manure from a single cow may replace the nitrogen exported
by 39 trees or the phosphorus removed from the farm by 46 trees.
Therefore, livestock have the potential to provide nutrient amendments
for a considerable number of avocado trees, keeping in mind that on a
single farm there will be other competing crops for these nutrient
applications.

Nyeri

N

(g per tree)
300
50
500

Amount of cattle
manure to replace
nutrients
(kg per tree per year)
39
33
75

Number of trees one cow
can fertilise in a year
(No. trees)
39
46
21

0.27
0.23
0.28

5

0.5

4.0

1.9

<0.05

263

541

5

4.3

1.2

F01-606
F01-651
F02-194A

0.40
0.49
0.63

A ‘Good News’ story is that Mr Thomas, one of the farmers from our
monitoring farms, has just purchased a second cow, seen in Figure 3,
with the increased revenue from his avocados, which will enable him to
meet the nutrient requirements of even more avocado trees.
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0.5

3.6

1.0

<0.05

268

89

5

1.6

1.0
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F03-007
F03-011
F04-019 A

0.23
0.19
0.29

9
10
6.2

0.6
1.9
1.4

7.4
8.5
11.6

4.3
3.5
4.0

<0.05
0.1
<0.05

195
161
311

1928
1530
1275

16
9
31

2.4
1.7
25.6

1.5
1.2
1.5

F07-016
F07-034
F07-059

0.30
0.26
0.36

12
15
6

1.3
1.1
3.2

13.5
5.8
9.8

5.2
3.0
4.6

<0.05
<0.05
<0.05

194
346
179

1380
1556
2280

29
10
83

3.0
9.8
4.7

1.7
1.5
2.0

Mid Kandara
F02-187
F02-189
F02-218

High Kandara

Embu

Nyeri

Figure 2. Soil nutrient analyses of monitoring farms located in high, mid and
low altitudes of the Kandara valley and the towns of Embu and Nyeri. Mean
property values are colour coded from high to low ranges.
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A final challenge is that with most animal feed and plant residue
amendments produced in the local area, inherent regional nutrient
deficiencies risk being carried through into the available organic
amendments. Nitrogen is the only nutrient that can be added into the
system by the biological nitrogen-fixation of legume plants. All other
nutrients are simply recycled on-farm or imported through animal
feeds and fertilisers. Olivado field staff are exploring the availability of
organic fertiliser products to fulfil some of the current avocado
nutrient deficiencies, specifically boron, but any product is likely to be
cost prohibitive for these small-holder farmers.
We are working to improve these nutrient budget estimates with
data specific to the avocado farms in the region. In the project, we will
also set up demonstration farms to evaluate the production responses
to our recommended nutrient management practices.
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Figure 3. An example of the benefits of a secure revenue-stream, Mr. Thomas
has purchased a new cow, which will enable him to meet the nutrient
requirements of even more avocado trees.

These simple nutrient balances will be incorporated into a Decision
Support Tool to assist small-holder farmers in enhancing their soil and
plant nutrition.
These budgets will be enhanced by further
characterising the nutrient composition and quantities of available
organic matter amendments in the region.
It is important to note that simply replacing the quantities of
nutrients exported in harvested fruit will not correct the low soil and
leaf nutrient levels of nitrogen, phosphorus, and boron measured
under current practices. To build-up soil reserves and to enhance
avocado production, these nutrients need to be applied in greater
quantities than what is currently harvested.
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2007. A spatially explicit methodology to quantify soil nutrient balances and
their uncertainties at the national level. Nutr. Cycl. Agroecosyst. 78, 111-131.
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For the preparation of packed samples, wet soil with the required
bulk density was pressed into testing cylinders. The samples Su1 and
Sl1 were conditioned after packing; specifically they were saturated
twice and then dried by evaporation.
The unaffected samples SGII and SGIII were taken from a ground
exploration in a park at approximately 1 m below ground surface. The
sample SGII was collected with an original testing cylinder of the Equi
pF device with a height of 5 cm. The sample SGIII was collected with a
cylinder with a diameter of 8,4 cm and a height of 10 cm.
The samples were put on a ceramic plate according to the
recommendations in the manual. When we expected problems with
the surface-to-surface contact between the ground and the plate
during the tests FS1, Su2 and SGI, we covered the plate with a thin
layer of silt before setting up the soil samples.
The testing cylinders for tests 1 to 4 were covered with the original
acrylic glass plate of the Equi pF device.
Since we expected evaporation losses, the remaining samples were
closed with a PVC-lid and sealed with modelling clay.
During the experiments with the samples Su1 and Sl1, four Minitensiometers (diameter 4 mm) and vertically installed and the
tensions were recorded by a data-logger. After finishing the
experiments, the samples were weighed and re-weighed after having
been dried for 24 hours at 105°C.

Evaluation of the Equi pF SoilWater Release Curve Apparatus
1. Objective
The Equi pF device (http://www.streatsahead.com/Products/Equipf ) for measuring the soil water release curve was placed at the
disposal of the Department of Site Evaluation and Soil Conservation of
the Technical University of Berlin in order test functionality, suitability
for daily use, and potential use of this novel device. For that purpose
several tests with samples of various texture and origin were carried
out. The results were analysed regarding their features of water
retention and water conductivity. In addition to the evaluation of the
functionality, range of application and market opportunities of the
device were analysed.

2. Materials and Methods
Seven samples of five materials, mainly sands, were examined. The
samples FS and SG are substrates of natural composition; the other
samples are mixtures of sand, silt (coarse clay), and clay. Table 1
shows an overview of the samples.
Table 1: Basic properties of the samples

No

Name

Type

Volume

Height

Bulk
Density

Texture

cm³

mm

g/cm³

Sand

Silt

Clay

1

FS1

packed

380

50

1,60

97,0

1,5

1,5

2

SGI

packed

365

49

1,55

92,7

5,1

3,2

3
4

Su2
SGII

packed
undisturbed.

380
380

50
50

1,71
1,55

60,4
92,7

34,6
5,1

5,0
3,2

5

SGIII

undisturbed..

554

100

1,73

92,7

5,1

3,2

6

Su1

packed

760

1,62

88,1

9,9

2,0

7

Sl1

packed

380

1007
50

1,61

71,8

20,0

8,2

3. Results
Datasheets are available on request.

4. Evaluation
4.1 Water retention capacity
During the saturation of the samples with a 0 cm water column,
between 60 – 80 % of the arithmetical total volume of the pores were
filled with water. The duration of a drain cycle (including 5 – 6 steps)
took between 1 to 3 days; the rewetting and saturation process took
between 3 and 6 days.
Regarding the retention function, almost all samples showed an
extremely strong hysteresis between watering and de-watering.
4.2 Waterflux
The water fluxes which were provided by the device for the
samples SGI, SGII and SGIII were analysed. Flow rates in the rage of
0,001 – 10 cm per hour were measured. Figure 4 shows the temporal
process of watering and drying cycles of samples SGII and Su1. As
expected, the highest fluxes appear at the beginning of each step
(with high hydraulic gradients) and at low matric potentials. During
the wetting cycles, the water flows decline constantly. On the
contrary, while drying the flows show steps in the curve.

The results of each watering and drying cycle were reproducible in
different ranges. The sample Su1 showed almost identical values and
curve progressions.
The samples SGII and SGIII also showed similar curve progressions,
but with differences regarding the water content in each cycle. It is
obvious that

The greatest divergence appears in the last saturating step.

The highest water content occurs in the last de-watering cycle.

The sample SGIII shows unrealistic values.
The origin of these discrepancies is not known, though they may
partly be explained by evaporation losses. Samples SG1 and FS1 showed
very different curve progressions. The curve progressions differed
clearly in each single cycle. Since those samples were packed and
unconditioned, there is likely a process of pore compression and
contraction. This error did not occur at the unconditioned samples SGII
and SGIII. Also, conditioning the packed sample (Su1, S12) prevents this
effect. It is also likely that these progressions could be due to not
allowing sufficient time for each suction step to reach equilibrium.
By means of minitensionmeters the adjustment of the matric
potential was examined during the tests with samples Su1 and Sl1. It
became evident that the matric potentials are achieved according to the
selected suction power, and therefore a hydraulic balance is set up (see
Fig. 2 and 3).

Regarding the curve of the cumulative inflow and outflow, all
cycles of sample Su1 are very similar. Noteworthy variances only
appeared during the first two steps of de-watering. Following that, the
reproducibility is almost as good as the water retention function. For
sample SGII, the first step in the drying and wetting cycle is clearly
different from the following steps. The difference is not explicable.

5. Conclusions
5.1 Application
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The Equi pF device allows a very simple, quick and smooth execution
of experiments. Preparation as well as execution of a measurement
requires little effort. In one case the experiment had to be cancelled,
because the second de-watering sequence stopped at sample Sl1. The
reason could not be detected. The data of the experiments were
quickly available and were easy to evaluate.

WHO PRODUCES WISPAS?

5.2 Functionality

WISPAS is produced by Brent Clothier and Christine Lamont.
If you have any material that you think may be suitable for the
next issue of WISPAS please contact Brent or Christine.
WISPAS is published by Plant & Food Research.

The Equi pF device allows a very simple, quick and smooth execution
of experiments. Preparation as well as execution of a measurement
requires little effort. In one case the experiment had to be cancelled,
because the second de-watering sequence stopped at sample Sl1. The
reason could not be detected. The data of the experiments were
quickly available and were easy to evaluate.
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Losing Ground to Human Activities
The European Environmental Agency of the European Union is
worried about how we’re losing soils and ground to human activities.
They’ve just published a report on what the world’s doing to its soils and
lands.
Read more at: http://www.eea.europa.eu/articles/land-and-soillosing-ground

Their article is entitled Land and soil losing ground to human
activities (Last modified 14 Jul 2015).
They say ... “land and soil are essential for natural systems and human
society, but human activities threaten the functioning of the overall land
resource, including soil. Why is this happening? What is Europe doing to
prevent it? 2015 is the International Year of Soils”
The European Environment Agency (EEA) put these questions to
Geertrui Louwagie, their project manager for soil assessments and
reporting.

They asked her ... what are the issues facing land and soil? She said ...
... land and soil are finite, non-renewable resources, which continue to
degrade, affecting their ability to function and deliver services. Food
growing, biomass and biofuel production, carbon storage, the hosting of
soil biodiversity, the filtering of water and cycling of nutrients, and the
provision of raw materials are under increasing pressure. The natural
and archaeological heritage of soil is also being jeopardised.
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They enquired next about ... what is being done to tackle these
issues? She replied ...
... the Global Land Indicators Initiative was introduced in 2012 to
develop a set of globally collectible land indicators that are comparable
over the long term. However, the environmental component was missing
from the suggested indicators. To rectify this, the EEA and the Institute
for Advanced Sustainability Studies proposed land and soil indicators to
monitor the achievement of the Sustainable Development Goals (SDG) in
terms of changes in land cover/land use, land productivity and soil
organic carbon.
They then asked ... what about land and soil policy? Ms Louwagie
added that ...
.... EU policy that is relevant to land and soil is fragmented and existing
provisions in environmental, agricultural or regional policies are neither
coordinated nor comprehensive. The Soil Thematic Strategy 2006 is a
guiding document, which explains why further action is needed to
ensure a high level of protection of soil functions and the sustainable use
of soils.
Globally, UN Member States are expected to agree on the SDGs in
September. Reversing the trend of losing land and soil resources globally
depends on the implementation of the SDGs at national and subnational level.
And it’s the International Year of Soils.

