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Abstract

Greenhouse gas (GHG) emissions from the agricultural sector account for almost 50% of New
Zealand’s gross emissions. For inventory purposes, these emissions are estimated by
combining activity data with relevant emission factors. However, recent technological
advances now allow for the measurement of continuous GHG emissions at paddock scale (i.e.
several hectares) for individual locations and/or treatments.

Between 2017 and 2018, we measured GHG emissions at two commercial Waikato dairy farms
with one each on organic (drained peatland) and mineral soils. Our objectives were to (1)
quantify GHG emissions from grazed pastures, and (2) test the effect of management practices
such as pasture renewal and inclusion of plantain in the pasture sward on GHG emissions using
a novel split-footprint methodology. Continuous measurement of gaseous CO2, N2O and CH4
fluxes was made using the eddy covariance technique and, when coupled to measurements and
estimates of all other flows of carbon (C), allowed for the calculation of the net ecosystem
carbon balance (NECB) and GHG balance. Here, we report one year of data for the organic
soil, and four years for the mineral soil. Utilising the split-footprint methodology, GHG
balances were calculated separately for two adjacent paddocks in years 2-4 at the mineral soil
site resulting in eight site-years of data.

We found that annual GHG emissions ranged from 13.9 to 22.4 t CO-eq ha* y*. Accounting
for change in C stored in the ecosystem (i.e. that stored in the vegetation and soil, and calculated
as NECB) was important for determining annual GHG emissions and contributed ~40% to our
measurements. Moreover, the inclusion of the change in ecosystem C storage is essential for
accurate estimation of GHG emissions from organic soils, but maybe less important for long-
term mineral soil emissions where the average C balance from grazed pastures is near zero.
Management practices such as pasture renewal and day-to-day management of the pastures can
influence GHG emissions with pasture renewal activity emitting an additional 3 t CO2-eq ha'
relative to a non-renewed pasture. We also tested the hypothesis that the inclusion of plantain
in the pasture swards can decrease N>O emissions and thus GHG emissions, but poor
establishment and retention of the plantain resulted in inconclusive results. Using new
technology and innovative methodology, we were able to make some of the first paddock-scale
GHG emission measurements in New Zealand while testing the effects of management
practices on real-world commercial farms.
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Introduction

Agriculture is the largest contributor to New Zealand’s gross greenhouse gas (GHG) emissions
accounting for 48% of emissions (39,617.7 kt CO2-eq) in 2019 (MfE, 2021). Methane (CHa)
and nitrous oxide (N20) contribute 77% and 20% to agricultural emissions respectively.
Agricultural emissions reported within New Zealand’s inventory are mostly attributed to the
categories of enteric fermentation (CH4), manure management (CH4 and N2O), and agricultural
soils (N20). Currently, changes in soil carbon (C) from mineral soils are assumed net zero, and
not included. However, managed organic soils including drained peatlands have long-term
continuous carbon dioxide (COz) and N.O emissions caused by the mineralisation of ancient
organic matter, so these are accounted for separately. Carbon losses are accounted for in the
LULUCEF sector while N2O is included in the Agriculture sector. There has been little research
on emission factors for NZ organic soils, so IPCC default values are currently used.

GHG emissions reported in New Zealand’s inventory are calculated using a combination of
activity data and emission factors. Similarly, individual farmers can calculate emission profiles
for their farms using available tools such as OverseerFM, Farmax, and several others
(AgMatters, 2022). Although not practical to apply to all farms, technology such as the eddy
covariance (EC) method (Baldocchi, 2014) now allows for continuous, direct measurements of
gaseous GHG emissions (i.e. CHs, N2O and COz) from agricultural pastures at paddock-scale.
To determine the true GHG emissions of grazed pastures, estimates of the change in C stored
in the ecosystem (including the soil) and enteric CH4 emissions from the ruminant animals are
also required. Estimation of the change in ecosystem C storage can be made using the net
ecosystem carbon balance (NECB) approach (Chapin et al., 2006) which combines the gaseous
CO- emissions with non-gaseous flows of C into and out of the pasture ecosystem. Finally, the
calculation of enteric CH4 emissions can be made using grazing feed intake information
coupled with known emission factors, thus completing the terms required to calculate the total
GHG emissions from the pasture system.

Between 2017 and 2021, we used the EC and NECB measurement techniques to quantify GHG
emissions from two Waikato dairy pastures, one each on mineral and organic soils. The
objectives of these measurements were two-fold: firstly, to establish what the total GHG
emissions from these pastures were, and secondly to test the impact of management practices
on GHG emissions. Using a novel split-footprint methodology (Wall et al., 2020; Goodrich et
al., 2021), the management practices of pasture renewal and inclusion of plantain in the pasture
sward were investigated.

Methods
Site Description

Measurements were made on two commercial Waikato dairy farms. The first was on mineral
soil (Mottled Orthic Allophanic soil (Hewitt, 2010)) near Waharoa in the Waikato. The farm
was 199 ha in size with a stocking rate of ~2.5 cows ha™. Measurements were made between
2017 and 2021 across a two-paddock site of approximately 6 ha in size. In March 2018, one of
the two paddocks (paddock B) was cultivated (single herbicide application followed by direct
drilling four days later) with a sward containing plantain (Plantago lanceolata), ryegrass
(Lolium perenne) and clover (Trifolium repens). The second paddock (paddock A) was an
established ryegrass/clover sward typical of the area that remained unchanged through the
duration of the measurements.

The second measurement site was an organic soil within the Moanatuatua peatland near
Hamilton. The wider Moanatuatua peatland was drained between the 1930s and 1980s and is



primarily used for dairy farming and supplemental feed cropping, with some blueberry
orchards (Campbell et al., 2021). A field site was established in 2018 covering 7.8 ha across
two paddocks of ryegrass/clover pasture, on peat 6-8 m deep. The dairy farm covered a 329 ha
area of peatland drained in 1975 and had a stocking rate of 2.4 cows ha’. To date, only the first
year of measurements has been analysed and presented here.

Eddy covariance measurements

Measurements of gaseous GHG fluxes of CO2, CH4 and N2O were made using the EC
technique (Baldocchi, 2014). Equipment at both sites was similar with detailed descriptions of
the systems and data processing provided by Liang et al. (2018) and Campbell et al. (2021) for
the mineral and organic sites respectively. Briefly, 3-dimensional wind data obtained from
sonic anemometers (CSAT3/CSAT3B; Campbell Scientific Instruments, Logan, Ut, USA) was
combined with trace gas measurements from an infrared gas analyser for CO, (LI-7200/LI-
7500RS; LI-Cor Inc, Lincoln, NB, USA) and a continuous wave quantum cascade laser for
CHs and N20O (Aerodyne Research Inc., Billerica, MA, USA). Data were collected at 10 Hz
and fluxes were calculated at 30-minute intervals. The 30-minute fluxes underwent rigorous
quality control followed by gap-filling using machine learning techniques to produce
continuous datasets (for more details see: Wall et al., 2020; Goodrich et al., 2021). During
years 2-4 at the mineral soil site, the paddock orientations were modified to allow the gaseous
fluxes to be calculated for each of the two paddocks separately (see: Goodrich et al., 2021).
Therefore, each year yield two datasets of gaseous flux data and subsequent GHG emissions.

GHG calculation

EC measurements provided the gaseous flux data, while measurements and farm records
allowed for the calculation of the NECB. Non-gaseous components of the NECB included the
C imported to the paddock in supplemental feed and fertiliser, the removal of C in animal intake
of pasture and supplemental feed, and leaching losses. The quantity of C returned to the
paddocks in excreta deposited by the grazing cows was estimated from the quantity of feed
eaten, the digestibility of the feed and grazing duration. Detailed descriptions of these
calculations and methodology can be found in Wall et al. (2020).

Because EC measurements often do not accurately capture cow-specific gaseous fluxes (such
as CO2 respired and enteric CH4 emissions (Kirschbaum et al., 2020)), enteric CH4 emissions
were calculated as feed eaten (pasture and supplemental) within the measurement areas
multiplied by the emission factor of 21.6 g CH4 kg DM (MfE, 2021). Accordingly, two CHa
contributions are included in the GHG emissions calculation: (1) the atmosphere-ecosystem
CHas exchange as captured by the EC system excluding the data obtained during the presence
of the cows, and (2) calculated enteric CH4 emissions.

Finally, the GHG emissions were calculated as:

Mo, mc
NGHGB = X |NECB — FCH4,surface - X FCH4-,enteric
me McHy
McH4
+ YcHa X - X Fchasurface | T Fcaenteric| T ¥nzo X Fnzo
C

Where: NGHGB is the resultant GHG emissions; mcoz, McHs and mc are the molar masses of
CO2 (44), CH4 (16) and C (12) respectively; NECB is the net ecosystem carbon balance (in
units of t C ha); Fcrasurface aNd Fcraenteric are the CH4 flux as measured by the EC system and
calculated enteric CH4 emissions respectively (both in t CHs ha); and Fnzo is the flux of N.O



(as t N2O ha). Finally, global warming potentials for CHa4 (ycra) of 27.2 and N2O (ynz20) of
273 (IPCC, 2021) were used to convert all data to units of t CO2-eq ha™l. The data presented
here for years 3 and 4 of the mineral soil is preliminary.

Results and Discussion
GHG Emissions

Measured annual GHG emissions from the two dairy pastures ranged from 13.9 to 22.4 t CO»-
eq hal y* from eight site-years of data (Figure 1). NECB data for all site-years reported a loss
of ecosystem C that ranged from 4.2 to 13.5t CO»-eq hal y*. As a proportion of the total GHG
emissions, ecosystem C loss (as CO2) contributed between 26% and 60% annually at our
measurement sites. NoO and the CH4 emissions from the soil and excreta (FcHa,surface) Were
much more conservative. NoO emissions from the mineral soil ranged from 1.7 to 3.1 t CO»-
eq hal y!, while the one year of data from the organic soil had an emission of 1.7 t COz-eq ha
Lyt and was similar to those of years 3 and 4 from the mineral soil. On average N,O emissions
contributed 13% to total GHG emissions. CH4 emissions from the soil and excreta (FcHa,surface)
were consistently between 0.9 and 1.4 t CO2-eq ha y* from the mineral soil, but only 0.5 t
CO2-eq ha! y* from the single year of organic soil data. Analysis of the additional years of the
surface CH4 emissions from the organic soil will help establish if this pattern is consistent.
Finally, calculated enteric CH4 emissions (Fcha.enteric) Varied from 5.3 to 7.3 t COz-eq hat y™*
and were dependent primarily on annual pasture growth.
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Figure 1. Greenhouse gas emissions from organic and mineral (calculated individually for
paddocks A and B in years 2 to 4) soils separated into contributions by each gas. The right y-
axis illustrates the economic value of these emissions at a carbon price of $80 per t CO2-eq.
The emissions reported as CO> are determined from the change in ecosystem C storage. Note
that years 3 and 4 for the mineral soil are preliminary data.



GHG emissions from the eight site-years of data illustrate the importance of the change in
ecosystem (or soil) C to the total GHG emissions. For example, averaging across all data, N.O
and total CH4 emissions were 2.2 and 7.5 t CO2-eq ha y! respectively, while the average C
loss was 7.4 t CO»-eq hat y* accounting for ~40% of total emissions. While such C loss would
not be expected to occur continuously and at all locations (see next section) it does highlight
the contribution soil C can have to total emissions, especially at the annual time scale.

Influence of soil C

The importance of changes in ecosystem (or soil) C to individual years GHG emissions have
been noted above but requires further exploration as to whether similar C losses could be
expected elsewhere. Analysis of all available C balance data (Figure 2) indicates that organic
and mineral soils need to be considered separately. Although only very limited data for organic
soils is available to date, the C balance obtained for our one year of data was at the low end for
the C losses reported in the literature. Continuous loss of C from organic soils drained for
agriculture is not unexpected given the ongoing subsidence of these soils reported elsewhere
(Pronger et al., 2014). Both previous studies reporting C balances from organic soils in New
Zealand (Campbell et al., 2015; Campbell et al., 2021) found C losses, and one of those studies
(Campbell et al., 2021) report a C loss of 31 t CO,-eq ha* y* for the same year at a nearby site
(2.7 km away). Assuming N20O and CH4 emissions were to be similar to those reported here,
grazed pastures on organic soils could be emitting up to 40 t CO2-eq ha* y*, which would have
an economic value of $3200 per hectare (at a carbon price of $80 t CO2-eq).

In contrast to organic soils, evidence from >40 site-years of data suggests that mineral soils on
grazed pastures have an average C balance of near-zero (Wall et al., 2021). Soil C stock
measurements provide further support that mineral soils under continuous pasture are near
steady-state (Schipper et al., 2014). While the overall average was near zero, individual years
experienced gains or losses of C. If mineral soils under grazed pastures are indeed at a long-
term steady-state for ecosystem C change, the average GHG emissions would be solely due to
CHa and N20. For our site, that would represent an average emission of 9.7 t CO-eq hat yt.

Changes in the ecosystem, or soil, C likely play a different role in determining the GHG
emissions of grazed pastures depending on soil type and measurement duration. For organic
soils, the inclusion of changes in ecosystem C is essential to accurately estimate GHG
emissions. Similarly, quantification of annual GHG emissions, regardless of soil type, requires
a measure of ecosystem C change, which may enhance or offset NoO and CH4 emissions.
However, over longer time scales (e.g. decadal), ecosystem C contributions to GHG emissions
from mineral soils may be able to be ignored, similar to the approach currently taken by the
New Zealand GHG Inventory (MfE, 2021). Finally, while C loss from drained organic soils is
included in the New Zealand GHG Inventory (albeit within the LULUCF category), more
research is needed to obtain New Zealand specific emission factors allowing for a more
accurate estimation of GHG emissions from these soils.
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Figure 2: Summary of all available carbon (C) balance data from New Zealand dairy pastures.
The asterisk indicates the mean C balance and the open circles represent data presented in this
research. The right y-axis illustrates the economic value of these emissions at a carbon price of
$80 per t CO2-eq. Data includes all published and University of Waikato unpublished data,
noting that the preliminary year 3 and 4 data from the mineral are not included in the mineral
soil boxplot. (Adapted from Wall et al., 2021)

Pasture renewal

The two paddocks within the mineral soil site were also used to test the effects of management
practices on GHG emissions. One of the paddocks underwent pasture renewal (paddock B;
referred to as renewed pasture), while the other remained as control (paddock A; referred to as
continuous pasture). The pasture renewal began on the 10" March 2018 with herbicide
application, followed by seeding via direct drilling on 14" March, and the first grazing was on
15" May. During the period between herbicide application and the first grazing (referred to as
the “renewal period”), GHG emissions from the renewed paddock were around 10 t CO2-eq
hat compared with 7 t CO,-eq ha from the continuous pasture paddock (Figure 3). Increased
emissions from the renewed paddock were due to increased N2O release, and net CO2 emission
due to the absence of, and then reduced photosynthetic uptake as the existing sward died, and
the new sward began to grow. The absence of grazing during renewal precluded any enteric
CHa emission over this renewal period. For the continuous pasture paddock, a grazing event
during the renewal period was the major source of GHG emissions as the cows consumed much
of C stored in the pasture as they grazed, emitting it as respired CO> and enteric CHs with a
portion also exported in milk. Consequently, the difference in GHG emissions between the two
paddocks was much smaller than had the grazing event not occurred.
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Figure 3: Cumulative GHG emissions (including the change in ecosystem C storage) from two
adjacent paddocks with one undergoing pasture renewal. The renewal period extended from
the time of herbicide application to the day before the first grazing after renewal. Vertical steps
in the cumulative emission curves indicate grazing events.

During the remainder of the year following the pasture renewal period, the GHG emissions of
the renewed pasture were influenced by management. Halfway through the year, the
cumulative emissions of the two paddocks were similar (Figure 3), partially due to the
increased CO> uptake of the new pasture sward relative to the established pasture, but also due
to the conservative grazing regime implemented by the farmer to protect the new sward from
damage. For example, the reduced grazing duration of the renewed pasture resulted in less
excreta deposition, and thus lower N2O emissions. Towards the end of the year, GHG emissions
from the renewed paddock again increased relative to the continuous pasture paddock and were
driven by lower net CO, uptake. We attributed the lower net CO, uptake to the poor
establishment of the plantain included in the new pasture sward (see Figure 4a).

Effect of plantain on GHG emissions

The primary purpose of the pasture renewal was to establish a sward that contained greater than
30% plantain. Plantain has plant traits demonstrated to be beneficial for reducing N2O
emissions from grazed pastures (de Klein et al., 2019), with a 30% proportion considered
sufficient to have a measurable effect. Unfortunately, the poor establishment of the plantain in
our trial resulted in difficulty achieving this targeted minimum plantain proportion (Figure 4a).
Oversowing with additional plantain one year later, in autumn 2019, temporarily boosted the
plantain to this 30% level, but this only persisted for around six months.
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Figure 4: (a) proportion of plantain in the sward (as % of dry matter) in the
ryegrass/clover/plantain sward. The red arrows indicate the general trends of plantain in the
paddock; (b) cumulative GHG emissions (including the change in ecosystem C storage) from
the ryegrass/clover and ryegrass/clover/plantain swards.

Although there were short periods of difference in the cumulative GHG emissions between the
two pasture swards, there was no significant trend, and in autumn of 2020, two years after the
establishment of the plantain sward, the accumulated GHG emissions were almost the same
(Figure 4b). However, in the last year of measurements (from March 2020 onwards), the
ryegrass/clover/plantain sward emitted considerably more GHG. This point of divergence in
the cumulative GHG emissions coincided with decreasing plantain proportions in the sward. It
should be reiterated that these data are still preliminary, and further analysis is pending.

Conclusions

Measured GHG emissions from two Waikato agricultural pastures ranged from 13.9 to 22.4 t
CO2-eq hal y!. New Zealand’s GHG inventory includes emissions attributed to the change in
the ecosystem, or soil, C storage for managed organic soils, but not for mineral soils. At our
site, the change in ecosystem C storage accounted for 50% and ~40% of the total GHG
emissions from the organic and mineral soil sites respectively. However, analysis of available
C balance data indicated that much larger C loss can be observed from organic soils, and
mineral soils are likely at a steady-state (zero change in C). Consequently, our organic and
mineral soil sites may, respectively, underestimate and overestimate long-term GHG
emissions. Including ecosystem C changes in GHG emissions estimates are essential for



organic soils and can influence annual emissions from minerals soils, but is likely to be
negligible for long-term GHG emissions from mineral soils under continuous pasture.
Management practices such as pasture renewal can increase GHG emissions, while longer-term
(e.g. annual) GHG emissions are further influenced by day-to-day management such as grazing
decisions. Finally, we established a pasture sward containing ryegrass, clover and a target
plantain proportion of >30% to allow comparison of GHG emission with a typical
ryegrass/clover sward, however, poor establishment and retention of the plantain make it
difficult to draw conclusions from the preliminarily results at our site.

Acknowledgements

We acknowledge funding for this research from the New Zealand Greenhouse Gas Research
Centre, the Ministry for Primary Industries, and the University of Waikato. We thank the farm
owners, the Troughton family and JD and RD Wallace Ltd for access to their farms and
management records. Technical and field support was provided by Chris Morcom, Anne
Wecking, Liyin Liang, Jack Pronger, Georgie Glover-Clark, Seager Ray and Ben Roche.

References
AgMatters, 2022. Know Your Numbers. https://www.agmatters.nz/goals/know-your-number/
(accessed 25 February 2022).

Baldocchi, D., 2014. Measuring fluxes of trace gases and energy between ecosystems and the
atmosphere - the state and future of the eddy covariance method. Global Change
Biology, 20, 3600-3609. https://doi.org/10.1111/gcb.12649

Campbell, D.1., Glover-Clark, G.L., Goodrich, J.P., Morcom, C.P., Schipper, L.A., Wall, A.M.,
2021. Large differences in CO2 emissions from two dairy farms on a drained peatland
driven by contrasting respiration rates during seasonal dry conditions. Science of the
Total Environment, 760, 143410. https://doi.org/10.1016/].scitotenv.2020.143410

Campbell, D.1., Wall, A.M., Nieveen, J.P., Schipper, L.A., 2015. Variations in CO2 exchange
for dairy farms with year-round rotational grazing on drained peatlands. Agriculture,
Ecosystems and Environment, 202, 68-78. https://doi.org/10.1016/j.agee.2014.12.019

Chapin, F., Woodwell, G., Randerson, J., Rastetter, E., Lovett, G., Baldocchi, D., Clark, D.,
Harmon, M., Schimel, D., Valentini, R., Wirth, C., Aber, J., Cole, J., Goulden, M.,
Harden, J., Heimann, M., Howarth, R., Matson, P., McGuire, A., Melillo, J., Mooney,
H., Neff, J., Houghton, R., Pace, M., Ryan, M., Running, S., Sala, O., Schlesinger, W.,
Schulze, E.D., 2006. Reconciling carbon-cycle concepts, terminology, and methods.
Ecosystems 9, 1041-1050. https://doi.org/10.1007/s10021-005-0105-7

de Klein, C.A.M., van der Weerden, T.J., Luo, J., Cameron, K.C., Di, H.J., 2019. A review of
plant options for mitigating nitrous oxide emissions from pasture-based systems. New
Zealand Journal of Agricultural Research, 1-15.
https://doi.org/10.1080/00288233.2019.1614073

Goodrich, J.P., Wall, A.M., Campbell, D.I., Fletcher, D., Wecking, A.R., Schipper, L.A., 2021.
Improved gap filling approach and uncertainty estimation for eddy covariance N.O
fluxes. Agricultural and Forest Meterology, 297, 108280.
https://doi.org/10.1016/j.agrformet.2020.108280

Hewitt, A.E., 2010. New Zealand soil classification. Manaaki Whenua Press, Lincoln, N.Z.



https://www.agmatters.nz/goals/know-your-number/
https://doi.org/10.1111/gcb.12649
https://doi.org/10.1016/j.scitotenv.2020.143410
https://doi.org/10.1016/j.agee.2014.12.019
https://doi.org/10.1007/s10021-005-0105-7
https://doi.org/10.1080/00288233.2019.1614073
https://doi.org/10.1016/j.agrformet.2020.108280

IPCC, 2021. Climate Change 2021: The Physical Science Basis. Contribution of Working
Group | to the Sixth Assessment Report of the Intergovernmental Panel on Climate
Change. Masson-Delmotte, V., P. Zhai, A. Pirani, S.L. Connors, C. Péan, S. Berger, N.
Caud, Y. Chen, L. Goldfarb, M.I. Gomis, M. Huang, K. Leitzell, E. Lonnoy, J.B.R.
Matthews, T.K. Maycock, T. Waterfield, O. Yelek¢i, R. Yu, Zhou, B. (Eds.).
Cambridge University Press.

Kirschbaum, M.U.F., Puche, N.J.B., Giltrap, D.L., Liang, L.L., Chabbi, A., 2020. Combining
eddy covariance measurements with process-based modelling to enhance
understanding of carbon exchange rates of dairy pastures. Science of the Total
Environment, 745, 140917. https://doi.org/10.1016/].scitotenv.2020.140917

Liang, L.L., Campbell, D.1., Wall, A.M., Schipper, L.A., 2018. Nitrous oxide fluxes determined
by continuous eddy covariance measurements from intensively grazed pastures:
Temporal patterns and environmental controls. Agriculture, Ecosystems and
Environment, 268, 171-180. https://doi.org/10.1016/j.agee.2018.09.010

MfE, 2021. New Zealand's Greenhouse Gas Inventory 1990-2019. Ministry of the
Environment, Wellington, New Zealand, p. 509.

Pronger, J., Schipper, L.A., Hill, R.B., Campbell, D.I., McLeod, M., 2014. Subsidence Rates
of Drained Agricultural Peatlands in New Zealand and the Relationship with Time since
Drainage. Journal of Environmental Quality, 43, 1442-1449.
https://doi.org/10.2134/jeq2013.12.0505

Schipper, L.A., Parfitt, R.L., Fraser, S., Littler, R.A., Baisden, W.T., Ross, C., 2014. Soil order
and grazing management effects on changes in soil C and N in New Zealand pastures.
Agriculture, Ecosystems and Environment, 184, 67-75.
http://dx.doi.org/10.1016/j.agee.2013.11.012

Wall, A., Goodrich, J., Schipper, L., 2021. Importance of resilient pastures for New Zealand’s
agricultural soil carbon stocks. New Zealand Grasslands Association: Research and
Practice Series 17. https://doi.org/10.33584/rps.17.2021.3455

Wall, A.M., Campbell, D.I., Mudge, P.L., Schipper, L.A., 2020. Temperate grazed grassland
carbon balances for two adjacent paddocks determined separately from one eddy
covariance  system. Agriculture and Forest Meterology, 287, 107942.
https://doi.org/10.1016/j.agrformet.2020.107942



https://doi.org/10.1016/j.scitotenv.2020.140917
https://doi.org/10.1016/j.agee.2018.09.010
https://doi.org/10.2134/jeq2013.12.0505
http://dx.doi.org/10.1016/j.agee.2013.11.012
https://doi.org/10.33584/rps.17.2021.3455
https://doi.org/10.1016/j.agrformet.2020.107942

