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>>We thank the Reviewers and Editor for their valuable feedback and consideration of our
manuscript for publication in SOIL. Specific responses to comments from Reviewer #1 are
listed below.

 

Reviewer #1 comments

The manuscript deals with important aspects of using Enhanced Efficiency Fertilizers –
EEFs related to N-dynamics and N use efficiency, with focus on mixtures (blends) of urea
with different EEFs, applied in sub-surface bands. The importance of such a research
relates to: The Complex activity of N-dynamics associated with different EEFs (e.g.,
polymer coated urea-PCU, Plant-Oil coated Urea – POCU, Nitrification Inhibitors -NI with
urea) under various chemo-physical conditions in different soils; Application modes;
Efficiency of controlling N- release and dynamics; Agronomic cost effectiveness of different
EEF technologies; And, environmental aspects related to NUE and to biodegradability of
different EEF polymeric coatings (e.g., PCU vs. POCU). Better understating of the
interactions between the various factors controlling N-dynamics and NUE can assist
improved decision making related to: agronomic, environmental and cost effectiveness for
better managing application of mixed EEFs in different soils.

The experiments are well conducted in a laboratory incubation system with 2 different
soils under field capacity (FC) moisture. The results provided emphasize the differences
induced in N-dynamics by the different urea sources and the two differing soils! And,
provide insights to the options of using mixtures of urea with NI-urea and PCU and POCU,
rather than using only PCU, which is the most expensive EEF and also based on non-
biodegradable polymer coating.

Field capacity conditions (used in this work) may not cover potential changes in soil
physical, chemical and biochemical conditions under crop grown field conditions, affected
both by plant uptake and irrigation or rain events. This aspect is addressed in line 323,
where the authors indicate that moisture dynamics may be an important factor
challenging N- synchronization with crop demand. Possible examples for such events are
shortly provided in section 3.4 where the authors mention that leaching due to heavy
rainfall or extensive leaching may occur and affect the demand for technologies providing
better control over N supply.



Considering the said above, I think that potential N losses due to gaseous emissions
(ammonia, nitrous oxides, molecular N) are also an important factor to be
mentioned/considered when investigating the improved approaches of using EEFs
mixtures in different soils. Yet, surprisingly this option is not mentioned in the manuscript.
It is indeed expected that band application may reduce part of the gaseous emissions;
And yet, the increased pH levels after urea and NI-urea application (Figure 1) and the high
initial ammonium levels (Figures 5 and 6) are expected to induce ammonia emissions
(e.g. review of Pan et al. 2016, Agriculture, Ecosystems and Environment: 232:283-289).
This indeed is more expected in the Ferrasol and can be intensified by NI applied with urea
(e.g., Pan et al., 2016).

>> Gaseous measurements were not conducted in this study as the focus was on soil N
dynamics around fertilizer bands and the implications for plant availability (i.e., N losses
were not a focus). Further, as pointed out by Reviewer 1 in the cited meta-analysis (Pan
et al. 2016), gaseous N losses are usually somewhat mitigated when fertilizers are placed
in sub-surface bands, and we were therefore not expecting significant loss of N through
volatilization. However, the design of this incubation may have created some conditions
which facilitated N emissions via denitrification, especially in the Vertisol (see below
response). Using a mass-balance approach (see below responses), we can calculate the
relative differences between treatments in terms of total N losses and use the closely
monitored soil chemistry data to indicate which loss pathway(s) were likely dominant. A
table reporting the mass-balance values of NH4

+, NO3
- and total mineral N will be included

in the manuscript to facilitate discussion on N losses, including gaseous emissions, in
relevant sections throughout the manuscript.  See below responses for some specific
instances where this discussion may be included. 

Since the manuscript does not provide an estimated or calculated mass-balance of the
mineral-N applied in the different treatments, I tried to estimate it for the Urea and NI-
Urea treatments. This was done on the basis of total nitrate-N produced after 60 DAI via
Urea treatment in the Ferrasol (Figure  S2) and the estimated values of nitrate-N and
ammonium-N after 60 DAI roughly evaluated on the basis of Figure 5 (provides only rough
estimates since the concentration range in the figure are very large : 0 to 3000 mg-N per
kg soil!!!). Nitrate-N from Data in Fig. S2 is estimated in the range f 450+ mgN/pot! From
Fig.5 the ammonium-N appears somewhat higher than the 450+ mgN/pot of nitrate-N.
Yet, when considering that the total input of urea was 1350 mgN/pot a question is raised
about the N balance: there seems to be unaccounted N in this treatment. A similar trend
is observed for treatment of NI-urea after 60 DAI in the Ferrasol (Figs. S2 vs Fig.5). For
treatments of PCU, POCC and 1:2 DMPP-urea:PCU in the same soil, both nitrate-N and
ammonium-N appear to be higher (Apparently closer to the initial value of 1350
mgN/pot), but there is no N-balance estimation or calculation which indicates the levels of
total mineral N in the soil after 60 days and its comparison to the initial N-input.

>> Calculating the mass-balance of N in these pots/treatments based on the data in the
supplied figures is very difficult, especially when using Fig. 5 where concentration data is
presented for each zone (e.g., 0 cm, 2 cm, 4 cm, etc.). The reviewer would have needed
to calculate the volume of soil in each increment in order to convert the concentration
values to absolute ‘mg’ values, and this would not be possible (or very difficult) with the
supplied information. A brief review of the mineral N mass-balance in all treatments and
soils shows that at no point did total mineral N exceed that supplied in treatments (i.e.,
1350 mg N). Recoveries of mineral N were ~82% for urea and NI-urea at 10 DAI in both
soils and decreased over the 60 d incubation. Recoveries for the controlled-release
fertilizer treatments can be calculated when including the granule N contents and are very
close to 100% at 10 DAI in both soils and remain high relative to the uncoated fertilizers.

A mass-balance was not originally supplied as gaseous N emissions were not measured,
meaning N unaccounted for could be found in several pools (i.e., lost via emission,



microbial consumption or sorption to soil particles). Whilst providing mass-balance values
for the mineral N does not facilitate additional understanding in terms of N availability
(compared to the already presented datasets), it does provide useful insights into loss
dynamics and pathways, which we had not previously considered. As indicated in the prior
response, we will include a mass-balance table (including the % recoveries of applied N)
to facilitate discussion on N losses.  

When comparing mineral-N for treatment DMPP-urea in the Ferrasol to that in the
Vertisol: nitrate-N levels at 60 DAI appear close (450+/- mgN/pot), but ammonium-N
appears to be significantly higher with the DMPP-urea compared to the urea treatment
(Figure 5). This again, indicates that there is missing N is the urea treatment which should
be shown and explained!

>> By 60 DAI, there are indeed large differences in total mineral N between urea and
DMPP-urea treatments in the Vertisol (Fig. 6) but not the Ferralsol (Fig. 5). In general,
recovery of mineral N in both treatments remained high (67 - 70% of applied) over the 60
d incubation in the Ferralsol but decreased significantly in the Vertisol (to 20% and 54%
for urea and DMPP-urea, respectively). Given the differences between urea and DMPP-
urea (where a large portion of N was preserved as NH4

+) in the Vertisol and the high
volumetric water content of this soil at field capacity (the incubation conditions), it’s likely
N in the urea treatment in the Vertisol was lost via emissions in the denitrification
pathway. Significant volatilization losses were not likely to be a major contributor as the
conditions for volatilization were greater in the Ferralsol (i.e., higher and persisting
increases in pH, coarser textured soil) and a relatively smaller amount of N was lost from
treatments in this soil. Although, volatilization may at least partially explain the small
losses of N from urea and DMPP-urea treatments in the Ferralsol.  This discussion and
explanations will be included in the relevant section(s) of the revised manuscript. 

Considering such observations I think that the authors should provide a mineral N-balance
calculation based on the measurements of N that they have done and accordingly try to
evaluate in which treatments there might appear data of N losses, potentially, due to
gaseous emissions. Under the experimental conditions (FC) ammonia has the potential to
be the largest loss option and particularly in the Ferrasol. In Fig. S1 , there is a clear
reduction of nitrate-N in both tested soils without addition of fertilizers. This is particularly
evident in the Vertisol where nitrate-N reduces from around 15 mgN/kg-soil to zero, thus
indicating also potential losses due to denitrification under the experimental conditions!

>> We agree with Reviewer 1 in that providing mass-balance and % recovery data in the
form of a table will facilitate discussion on potential loss pathways, including gaseous
emission.

Remarks for specific points in the text:

-Lines 285-287:   " there appears to be little advantage in using a CRF, DMPP-urea or
blends of the two (cf. urea), in soils of high permeability and poor chemical buffering" This
statement does not consider the potential gaseous losses (e.g. ammonia) which according
to the above presented estimates indicate lower levels of missing mineral-N in the in EEF
treatments (particularly with PCU, POCC and 1:2 DMPP-urea:PCU).

>> As indicated in earlier responses, we will include discussion on potential loss pathways,
including those relating to gaseous emissions, in relevant sections alongside the mass-
balance data. This will be one of those sections which includes discussion on potential
losses from the differing fertilizer treatments. 

-Lines 330-332:  " By 35 DAI, NH4-N concentrations in the 0 – 5 cm zone of the POCU
band were slightly lower than that of PCU in the Vertisol, suggesting rapid nitrification of



the NH4- N released earlier in the POCU treatment" Yet, this could also be a result of
higher N-gaseous losses (e.g. ammonia or even potential denitrification when high levels
of oxygen are consumed by the fast oxidation of nitrate to ammonium) which were not
evaluated in the research.

>> See above response.

-Lines 343-345: " The greater volumetric water content of the Vertisol at field capacity (cf.
Ferralsol; Table 1) may have contributed to more rapid water uptake and hence more
frequent rupturing of POCU granules, resulting in the initially higher urea-N and NH4-N
concentrations in this soil (Figs. 4, 6)" This seems a bit problematic assumptions: Indeed
the water content of the Vertisol at field capacity (FC) is higher, but the "water holding
capacity" (water potential) at FC of the two soils is supposed to be close and this is the
physical parameter which controls water uptake. Yet, since the POCU has a biodegradable
coating, the microbial activity in the Vetistsol (much heavier soil, with more organic C and
N) may be higher and thus affect the stability and degradation of the POCU coating.

>> The Reviewer raises a good point here. We will revise to indicate that potentially
greater microbial activity and / or closer soil-granule contact - both associated with the
higher clay content of the Vertisol cf. Ferralsol - may have facilitated more rapid
degradation of the biodegradable coating, resulting in a higher prevalence of burst
granules and the observation of initially higher urea and NH4

+ concentrations in this soil
and treatment. 

Lins371-374: " The plant-oil coated urea product that was evaluated initially released
more N due to a higher prevalence of ‘burst’ granules, which was likely an outcome of
somewhat poorer tolerance of increased osmotic pressure within granules (cf. PCU).
However, overall dynamics and proportions of N in mineral forms (NH4 + and NO3 - )
were similar to that of PCU, suggesting this technology may be a suitable option for
managing the competing requirements……." The conclusion is indeed right! And yet there
were some differences between the POCU and PCU in terms of higher pH increases with
POCU (Fig.1) particularly in the shorter time of 10 DAI which could affect ammonia losses
(and possibly affect microbial activities). In Fig.3 much higher values of aqueous ammonia
concentration were obtained with the POCU in the short range in the Vertisol which may
also indicate potential of higher losses of gaseous ammonia. Such options were not
considered/estimated in this work, and no N-balance was performed which could allow
estimating N gaseous losses in the different treatments. 

>> The slightly wider zone of pH increase in the POCU (cf. PCU) is a result of greater urea
hydrolysis (this reaction increases pH) as indicated by higher NH4

+ concentrations and is
due to the higher initial release of urea from burst granules. However, the difference in pH
dynamics between PCU and PCOU only occurred in the Ferralsol (where pH buffering
capacity is poor) and only related to the volume of soil impacted (i.e., the magnitude of
pH change was similar between treatments). In the Vertisol, restricted solute movement
and a high pH buffering capacity meant that high aqueous NH3 concentrations formed in
only a very small volume of soil (0 - 1 cm zone).  Whilst the conditions within the POCU
band in the Vertisol may have initially been conducive to NH3 volatilization, mass-balance
data does not suggest that any substantial differences in recoverable N (in soil and
persisting granules) exist between PCU and POCU at this time. In short, whilst some
differences exist between PCU and POCU in terms of soil chemistry and N dynamics
shortly after fertilizer application, the practical management implications of buried
fertilizer bands (which generally do not enable large amounts of volatilization losses)
means that we consider the above discussion unnecessary in the manuscript at this point.

Remarks to figures:



Figure 4: Urea treatment is, expectedly, not presented in this figure, but it is introduced
below with a circular dark symbol.

>> The urea treatment is either missing from the figure (and should be included) or
hidden behind other treatments. This figure will be revised to ensure that the urea
treatment is visible.

Figure 5: The maximal concentration levels in the figure are around 1000 mgN/kg soil, but
the scale is 3000. It is recommended to use a lower scale for this soil, which will better
enable estimating the trend and changes.

>> The reason for setting the graph Y-axis maximum at 3000 was so that it could be
directly compared to Fig. 6, where N concentrations were higher. However, in response to
the reviewer’s comment, we will revise to a lower maximum in order to better
demonstrate trends.

Figure 7: It presents the percentage of total recovered N in the soil and in the coated
granules. Yet, it is not indicated on which basis are the data provided! Are they based on
the total initial N input of 1350 mgN/pot. If that is the case, the data indicate 100%
recovery of the initial N input!! Yet the figure is presented without any statistical
analysis/information. Once there will be an estimated/calculated N-balance it is worse to
provide clear information about the meaning of total recovered N and the way it is
estimated at the end of the experiment. 

>> The figure caption (end of manuscript) explains that this graph is presented with each
component as a percentage of the total recovered N (i.e., N from soil and N from
granules). The figure caption and Y-axis label will be revised to make this clearer.
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