N
N

N

HAL

open science

Physico-chemical Characteristics and Nitrogen Use
Efficiency of Nine Human Urine-Based Fertilizers in
Greenhouse Conditions

Tristan Martin, Florent Levavasseur, Kris Dox, Léa Tordera, Fabien Esculier,
Erik Smolders, Sabine Houot

» To cite this version:

Tristan Martin, Florent Levavasseur, Kris Dox, Léa Tordera, Fabien Esculier, et al.. Physico-chemical
Characteristics and Nitrogen Use Efficiency of Nine Human Urine-Based Fertilizers in Greenhouse
Conditions. Journal of Soil Science and Plant Nutrition, 2021, 21 (4), pp.2847-2856. 10.1007/s42729-
021-00571-4 . hal-03494855

HAL Id: hal-03494855
https://hal.science/hal-03494855v1

Submitted on 12 Dec 2024

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépot et a la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche francais ou étrangers, des laboratoires
publics ou privés.


https://hal.science/hal-03494855v1
https://hal.archives-ouvertes.fr

10

11

12

13

14

15

16

17

18

19

20

Physico-chemical characteristics and nitrogen usdfiiency of nine human

urine-based fertilizersin greenhouse conditions

Tristan M.P. Martifr 2°, Florent LevavasselrKris Dox, Léa Tordera Fabien Esculiér?,
Erik Smolders, Sabine Houdt

'Université Paris-Saclay, INRAE, AgroParisTech, UMFCOSYS, Avenue Lucien Bretigniéres, 78850,

Thiverval-Grignon, France

’Ecole des Ponts ParisTech, UPEC, UMR LEESU, 6-8née&eBlaise Pascal, Champs-sur-Marne, 77455

Marne-la-Vallée, France

*Division of Soil and Water Management, DepartmehtEarth and Environmental Science, KU Leuven,

Kasteelpark Arenberg 20, B-3001 Heverlee, Belgium.
“Sorbonne Universités, CNRS, EPHE, UMR METIS, 4ePlassieu, 75005 Paris, France
*Corresponding author: Tristan Martin

E-mail addresdristan.martin@inrae.fr

ORCID iD:

Tristan M.P. Martinhttps://orcid.org/0000-0002-4008-825X

Florent Levavasseuhttps://orcid.org/0000-0002-2164-3334

Kris Dox : https://orcid.org/0000-0003-3035-9164

Fabien Esculierhttps://orcid.org/0000-0001-9982-4082

Erik Smoldershttps://orcid.org/0000-0003-3054-2444

Sabine Houothttps://orcid.org/0000-0001-7297-7038




21

22
23
24
25
26
27

Acknowledgments:

This study is part of the AGROCAPI projegtvw.leesu.fr/ocapi We would like to thank ADEME (Agence de

I'environnement et de la maitrise de I'énergie) DEEEnvironnement, SIAAP (Syndicat interdépartemiepbar
I'assainissement de I'agglomération parisienne) thedParis-Saclay University for their financiapport. We
also wanted to thank Pascal Denoroy to allow usst the soil from the Folleville long-term trial.&Mvould
like to thank the Swedish University of Agricultifciences and TOOPI Organics for the urine-basdidizer

samples.



28

29
30
31

32
33
34
35

36
37
38
39
40
41
42

43
44
45

46

a7

Abstract

Purpose: Most of the nutrients in wastewater come from hurogine and their recycling for agricultural
purposes is very limited. After source separatiome can be treated to produce various urine-béesgitizers.

This study aims to characterize the nitrogen uSeiefcy of different urine-based fertilizers.

Methods: Nine urine-based fertilizers were compared togethigéh ammonium nitrate and cattle slurry in a
greenhouse pot trial with English rye-gradglium perenne L). The detailed physico-chemical characteristics
of the fertilizers were analyzed. The biomass patidn and nitrogen uptake of the plants were measurhe

nitrogen use efficiency and the mineral fertilieguivalent were determined for each fertilizer.

Results: The urine-based fertilizers were classified in fayoes based on their nitrogen forms (ammonia,
nitrate, urea or organic). The mineral fertilizeuaralent coefficients of most urine-based feréilig were above
85% and even higher than 100% for nitrified andakized stored urine. The lowest mineral fertitize
equivalent were found for fermented urine and tleture of urine and woodchips but remained betw@gno
75%. In all cases, the nitrogen use efficienciesiraie-based fertilizers were higher than that aitle slurry.
The differences among the urine-based fertilizard &tom the cattle slurry were attributed to thenemal

nitrogen content which was much higher in urinecoafertilizers.

Conclusion: Urine-based fertilizers contain mainly mineral rogen. Their content of trace element
contaminants is low. Their efficiency as nitrogeattifizers is high and close to that of mineraltifizer.

However, new valorization pathways from cities ¢pieulture need to be developed.

Key words

Fertilization - Greenhouse trial - Human urine fi&nt recycling - Source separation - Urine-bafeetilizer
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1. Introduction

Wastewater contains large amounts of nutrients ehedease in the environment can have undesirable
environmental impacts (Sutton et al. 2011). The amhof nutrients recycled from wastewater is culigetow
(Esculier et al. 2018). Conventional agriculturkeeon the use of synthetic nitrogen (N) fertite¢hat require

a substantial amount of energy for synthesis amtribaute to the disruption of planetary biogeocheahcycles
(Gruber and Galloway 2008). Most nutrients in wastier have urine as their source (Friedler et @132 and

their recovery could offset a substantial proportd the mineral fertilizer in agriculture (Trimmet al. 2019).

Urine can be separated from the other constituehtsastewater by source separation (Rossi et al.

2009). Urine is a low concentrated solution comg@doemineral fertilizers. The concentration of gaalements

in urine is low (Ronteltap et al. 2007), and whileme pathogens can be present in urine, propesgstor
inactivates these pathogens to acceptable leveldQVR2012). In contrast, pharmaceutical residues cdre
concern, and the need for specific urine treatmemtemove them before application is currentlyopid of
debate (Winker 2009; WHO 2012). Collected urines aften treated for: (i) N stabilization (e.g., by
nitrification), to prevent ammonia volatilizatiomé allow volume reduction; (ii) volume reductiol, teduce
transport costs and impacts as well as the workimed| for application; (iii) nutrient extraction tobtain
concentrated fertilizers; and (iv) treatment of temninants to produce safer fertilizers (e.g. urstb@rage as

recommended). All treatments result in differerddarcts defined as urine-based fertilizers (UBFs).

The fertilization efficiency of stored urine hasebestudied on different crops (Pandorf et al. 20th@)
other UBFs remain barely studied. As the fertii@atefficiency depends on the trial conditiondsitlifficult to
directly compare studies. This study aimed to ditarize the fertilization efficiency of nine UBFs &N

fertilizers compared to mineral fertilizer and tatlurry under the same conditions in a greenhtiale

2. Material and methods

2.1.Urine-based fertilizers

Nine UBFs were used either issued from separateatiwin followed by treatments intended to stabilix
(acidification, alkalinization and nitrificationpr from a frequent collecting practice resultingaimixture of
urine with woodchips. Detailed information on theatments can be found in Martin et al. (2020). S&BFs

were specifically produced for this study.
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The stored urine was collected in a universityding using a waterless male urinal and storedifor s
months in an airtight tank. For the acidified stbtegine, 31.3 mL of sulfuric acid (96% pure) wasled per liter

of stored urine to decrease the pH to 6.5 to rednmmonia losses (pKa NANH," = 9.2).

For acidified and alkalinized fresh urine as wedlthe mixture with woodchips, urine was collected
from approximately 20 donors from the universityyred at 4°C and used within three hours. The diveof
acidifying the fresh urine to below pH 4 or alkiting the fresh urine to above pH 11 was to preugea
hydrolysis and stabilize the N (Hellstrom et al999Randall et al. 2016). To produce acidified lfresine, we
added 60 mmol HL™ to fresh urine (1.61 mLtof 96% pure sulfuric acid, Hellstrom et al. 1998). produce
alkalinized fresh urine, we added 10 g lime [Ca(@lggr liter of fresh urine (Randall et al. 2016).dry toilets,
urine is often mixed with absorbent organic sultefraThus, a mixture of fresh urine and woodchigs w
produced one week before the start of the expetimath 1 kg of woodchips (less than 1 cm piecesjeah

with 286 g of fresh urine (the maximum amount thatwoodchips could absorb).

Fermentation and nitrification decrease the rislawimonia volatilization and make possible further
concentration, respectively. The treatment for famted urine was similar to the one of Andreev e(2017). It
consisted in the acidification of fresh urine, dolled by a lactic acid fermentation using lactidamacteria. This
pilot batch was produced by the TOOPI Organics amgp(www.toopi-organics.com). For the nitrified ngi
the biological nitrification of half of the ammonbd in the stored urine was followed by volume rdéhre by
distillation (Fumasoli et al. 2016). It was proddcby the VUNA company (www.vuna.ch). Alkalinized
dehydrated urine was provided by the Swedish Unsityenf Agricultural Sciences. The urine was alkied
using two different alkaline media : lime (20.6 gitine®) and lime (5.1 g urind + biochar (15 g L urind; and

the mixtures were dehydrated (Simha et al. 2020).

The cattle slurry was collected in a conventiorailydfarm and used as a reference organic fentilizguid

ammonium nitrate was used as a reference minetgizter.
All fertilizers were analyzed for their contents water, carbon, nutrients, trace elements and the
different forms of N (Table 1). Information on theed methods is summarized in SI. 1.
2.2.Greenhouse experiment

The greenhouse experiment was performed with BmngliegrassL(olium perennd..) sown in a soil sampled

from the surface horizon of a silty luvisol (Fig, $ieved at 4 mm and stored at 4°C before therempat. The
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soil was lightly carbonated (0.8% CaCO3) and hagHa (H,O) of 8.0. The organic matter content was
13.6 g C kg dry sofl, and the initial mineral N content was low (11.§ N kg® dry soil). A detailed soil

analysis is provided in Sl. 2. The pots were fillgith 1.30 kg of fresh soil (equivalent to 1.17 d&igdry soil).

A control treatment without N addition and 2 ammuani nitrate treatments that received 150 and

250 mg N kg dry soil were implemented to calculate the resporsrve of N uptake according to fertilizer
input. The target dose for cattle slurry and theFsBvas 150 mg N Kgdry soil (175.4 mg N pd). Since the
nutrient concentrations were not available at the f the experiment, they were estimated; thieadaoses are
shown in Table 2. In order to ensure that only Nulddoe a limiting nutrient, phosphorus (P) and psiiam (K)
were added as PO, with 100 mg P kg dry sefland 250 mg K kg dry s6il Magnesium (Mg) was added as
MgSQ, with 40 mg Mg kg dry soit and iron (Fe) as FeS@H,0 with 1 mg Fe kg dry soll The sulfur (S)
input resulting from the Mg and Fe inputs was 58@S kg dry soit. All fertilizers were incorporated into the
entire soil mass. One gram of ryegrass seeds was gpeach pot. Three replicates were establisbeadch
treatment. Water losses were measured by weighimdj,the soil moisture was readjusted to 90% offidid
capacity (22.5% humidity) three times a week usiamnized water. No leachates out of the pot weseoed.
The positions of the pots in the greenhouse wemdamized and moved twice a week to avoid the piatient
effects of heterogeneity in solar radiation. Thasgrbiomass was cut 1 cm above the soil surfaeadh pot on
days 22, 42, 63 and 75. Then, it was dried at 50tG& days and powdered, after which the N coneioins
were measured. At the end of the trial, the minRrabntent in the soils was measured. N uptakeoaksilated

using the N concentration in tissues and the bismégach cut. The analytical methods are det&l&l. 1.

2.3.Nitrogen use efficiency and mineral fertilizer equvalent

The fertilization efficiency was estimated usingotwalculations: the nitrogen use efficiency (NUBdahe
mineral fertilizer equivalent (MFE). The NUE of aranium nitrate corresponded to the slope of theaesp
curve of N uptake by plants according to the amadiit added. In the UBF treatments, the NUE wasatly

calculated using the following equation (1):

Nitrogen uptake by fertilized crop — Nitrogen uptake by unfertilized control crop

NUE (%) =

: — X 100 (1)
Nitrogen added by fertilizer

The NUE of UBFs can be compared with that of mihéailizer by calculating the MFE as the ratio

of the NUE of the UBF and the NUE of ammonium riéré2):

NUE Urine—based fertilizer
NUE Ammonium nitrate

MFE (%) =

x100  (2)
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The results are expressed as the mean of the i8aigsl with the standard error. Significant diffezes
between treatments were tested using an ANOVA vath by a Tukey HSD post hoc test. Significant
differences between UBF and ammonium nitrate westetl using Student’s t-test, or a sign test if the

distribution was not normal. All tests were perfedrusing R, version 3.3.2 (R Core Team 2016).

3. Results and discussion

3.1.Urine-based fertilizers characteristics

There was a strong difference in the N concenmatiof the non-concentrated UBFs (below 7 g N &and the
concentrated UBFs (up to 107 g N,LFig. 2). Most UBFs had N forms similar to thogetie typical mineral N
fertilizer: urea and ammonia or nitrate N (Fig. R).is excreted in urine mainly as urea (Udert et2806);
however, in stored urine and acidified stored yrimest of the urea is hydrolyzed during storage, ammonia
N is the main form of N. Interestingly, the contefitorganic N was much lower in the acidified stbrgine
than in the stored urine (0.04 and 1.4 g N kaespectively). The organic N may have been miizet during
acidification (Antonini et al. 2012). In contrast, fresh urine stabilized by acidification or aliétation, urea
was the main form of N. We did not observe mineelon of organic N in the acidified fresh urineyt 20
times less acid was added to the acidified fregteuhan was added to the acidified stored urife2 W forms
in nitrified urine were half nitrate and half amniiN with a very low content of organic N because ¢rganic
N had been mineralized during nitrification (Fumlast al. 2016). In the mixture of woodchips andsi urine,
most of the N was under organic form. This may k@aned by N immobilization by microorganisms ahgi
storage due to the high carbon input from the wbamic(Reichel et al. 2018). The concentration ocihnNhe
woodchips was not determined, but, assuming anritect of 0.06%, as was measured in sawdust in Begth
al. (2018), the expected concentration of the méxtmould be 4.3 g N Kfjinstead of the 3.7 g N Kgmeasured.
This suggests that at least 15% of the urine N hmye been volatilized during storage. In the cathlery,

approximately 60% of the N was under organic fontich is typical for cattle slurry (Benoit et aD™4).

In addition to the nutrient concentrations, the teats of contaminants (trace elements, pathogens,
pharmaceutical residues) must also be considemedeTelement concentrations were low in each UBFian
the cattle slurry (Table 1), which was also obsérfar stored urine by Ronteltap et al. (2007). Tlees of
trace elements in the amounts of fertilizer regqlileapply 200 kg N hhwould be below the limit of the French

standard for the use of sewage sludge composticudtgre (NF U 44-095).
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3.2.Biomass production and nitrogen uptake

The N uptake by the above-ground biomass accortditige N input is presented in Fig. 3. The respansge
for ammonium nitrate was linear (r2 = 0.99). Fertits above the response curve had higher NUE than

ammonium nitrate and those below the response cqiagtidower NUE than ammonium nitrate.

A strong increase in biomass production, biomassoNtent and N uptake were observed in the ferdlize
treatments (Table 2, Fig. 3). The NUE of ammoniutrate was 83% and was similar to those in previoois
trials (Mnkeni et al. 2008). The soil mineral N temt was low at the end of the experiment, indigathat most

available mineral N was taken up by the ryegrass3|S

3.3.Mineral fertilizer equivalent

Only acidified stored urine and nitrified urine peted MFE values higher than 100% (Fig. 4), alghonot
significantly different from 100%. The MFE of thérified urine was significantly higher than thatal other
UBFs, and the MFE of acidified stored urine wasigigantly higher than that of stored urine. Inyioas trials,
the efficiency of nitrified urine and acidified séal urine was also high (Bonvin et al. 2015). Ttoresl urine,
acidified fresh urine, and all three alkalinizeihersamples had MFEs between 85% and 95%. Stoneel has
been tested on different crops and generally shosumilar or slightly lower efficiency values thanirmaral
fertilizer (Kirchmann and Pettersson 1995; Vislaral. 2018). The other UBFs have been little stddA lower
MFE for stored urine (91%) than for acidified strerine (102%) has been previously observed inragsg
(Simons 2008). The fermented urine has not beaedgseviously and showed a lower MFE than therothe
treatments. The mixture of fresh urine and woodgHipd a significantly lower MFE than most UBFs, as
observed for compost impregnated with urine (Ma#@18). The cattle slurry MFE (51%) was signifidgnt
lower than those of all UBFs except the mixturehwitoodchips; this result is consistent with thatiprevious
experiment (GOmez-Mufioz et al. 2017). The efficies®mbserved in this trial are similar to thoseesbed by

Gutser et al. (2005) for animal urine and cattlergl

The variation in MFE values could be related to fhéorm. Both acidified stored urine and nitrified
urine presented the highest MFEs; these UBFs gmdadnly mineral N and no organic N. For the otiBiFs
(except the mixture with woodchips), the percentafjerganic N ranged from 4% to 19% of the totalths
may explain the MFE values lower than 100%, becdhse organic fraction must be mineralized before

becoming available to plants. The lower efficiescabserved for the mixture with woodchips and thtle
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slurry may be explained by the even higher proportif organic N (more than 50% of the total N) lrede
treatments. To a lesser extent, the mineral N formertilizers may impact yield and MFE (Watson869
1987). Even though the soil was supplemented withixdure of other nutrients, the MFE values higttean
100% may be partly explained by the micronutriemuits from the UBFs; this is particularly true fitlve
acidified stored urine, which had much higher gelfzontent than the other treatments. In paraligl this trial,
the phosphorus availability of some of the UBFs wharacterized by Dox (2020); the phosphorus abititha
of some of these UBFs was not different from tHfahe mineral fertilizer, which confirmed that thlBFs can
supply multiple nutrients. The lower MFE of therfemted urine may be due to the bacteria in the WBieh
may have increased N immobilization in the soil. M&BFs have a fertilizing efficiency similar toathof
mineral fertilizer, i.e., most of their N is immediely available to the crops after application,tcany to organic
fertilizers. Thus they could be used under simitanditions than mineral fertilizer. However the dgar
differences in N concentration among UBFs raise goestion of the technical constraints regarding th
application of UBFs with very different rates ofpdipation for similar amounts of N (from 1 t ‘haor

dehydrated alkalinized urine to more than 30t foa fermented fresh urine to bring 100 kg N'ha

In the experimental conditions of this study, fertirs short-term efficiencies were maximized and
ammonia volatilization was greatly limited becauise fertilizers were incorporated into the whold saass.
However, under field conditions, substantial défeces in ammonia volatilization can be expected tdutae

various pH values and N forms of the UBFs.

4. Conclusion

The mineral fertilizer equivalents (MFE) of sevaut of the nine urine-based fertilizers (UBF) weimikr and
higher than 85%. The main factor explaining théedénces in MFE was the proportion of organic Nxilfg
urine with organic matter like woodchips stronghduced the MFE. To a lesser extent, fermentatiso al
reduced the MFE. It would be necessary to perfounthér trials under field conditions to confirm the
tendencies. Furthermore, the fertilization efficgf UBFs may be balanced by other aspects, ssieimanonia
volatilization that must be studied in real coratis of application. However, urine source sepanastwould be
developed in new neighborhoods or existing buildirgnd new valorization pathways adapted to the
geographical context (e.g., urban characteristi@sport distance to farm) need to be implemenidu
constraints associated with field application afjavolume of UBFs, their insertion in fertilizaticstrategies

and the fate of contaminants potentially presetthéUBFs also call for further investigation.

10
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Control Ammonium nitrate 150N JAmmonium nitrate 250N Stored urine Cattle slurry
No fertilization 175 mg N pot’ 292 mg N pot’ 186 mg N pot! 181 mg N pot’

328  Fig. 1 Greenhouse trial and biomass in some treatmefisebiine third cut (day 63).
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Table 1. Physico-chemical characteristiokfertilizers tested. Three samples of each prodwevanalyzed but as the replicates were homogenalysthe mean value is
presented. The density of liquids UBFs was taketh axcept for nitrified urine for which is 1.14.itial urine was the same between stored urine aitifi@d stored urine
and between acidified fresh urine and liquid alkakd urine. Dry residue includes crystalized s&lbt measured because of crystallization. **Vagieen by the producer
(VUNA). **As dry matter was performed at 105°C,a& chemical hydrolysis occurs at that temperatDndy trace elements were measured based on dremdtien, dry

matter and trace elements may have been slightlgrestimated.

Parameters Unit coﬁggl;:?rgted St(_)red AC|d|f|e(_1 AC|d|f|e_d Fe;:gt:ﬂted Alkall_nlzed ?i?kkgi?r:iif(? alkgﬁr?i)g?tfr?ne Fresh urine + Cattle
urine urine stored urine fresh urine urine urine urine (lime) (lime + biochar) woodchips  slurry
pH - 4.0 9.2 6.5 2.1 3.5 12.3 11.2 8.9 8.2 7.3
Conductivity mScm™ 43.3 39.0 495 16.3 6.2 18.2 16.2 18.9 0.€ 3.1
Dry residue (liquid) or g 100g raw * 1.4 3.7 18 0.7 2.7 84.0%+ 82.0%* 30.7 5.3
dry matter (solid) material
Tot-C - - - - - - 129.( 331.C 15Z.3 22.1
Carbon  Organic-C 2.4 3.2 2.7 5.4 8.3 5.0 82.¢ 321.( 1520 22.4
Inorganic-C - - - - - - 46.2 10.t 0.t 0.t
Total-N 51.8 7.0 6.8 5.4 2.9 5.3 100.¢ 107.( 3.7 4.C
NH,-N 26.1 5.0 6.2 0.1 0.04 0.01 0.2 1.2 0.€ 1.4
Nitrogen NOs-N 25.€ < 0.000: < 0.000: 0.C02 < 0.000: 0.00: 0.2 0.7 <0.01 0.00z
Urea-N ka raw 0.1 0.6 0.5 4.6 2.4 4.8 95.¢ 95.2 0.27 0.21
Organic-N r?]atgeri o 0.1 14 0.04 0.8 05 0.4 45 105 2.8 24
P,0O5 8.2 0.6 - 0.6 0.5 - 14.6 16.4 0.7 14
K,O 32.2 2.4 - 1.7 0.6 - 51.6 50.3 1.4 3.4
Other MgO 0.1 <01 - <01 <01 - 6.5 3.3 0.2 1.0
nutrients CaO 0.7 <01 - <01 <01 - 2737 76.8 0.5 2.7
SGC, 10.9 0.6 - 15 0.2 - 14.6 14.8 0.7 0.8
Na,O 245 3.1 - 2.3 1.0 - 49.4 50.3 1.7 1.2
Cl- 548 3.9 - 2.8 1.3 - 24.8 24.2 0.6 1.2
B 9.5 1.1 - 1.4 0.2 - 23.¢ 21.t 2.4 0.1
Fe < 1€ < 2C - < 2C < 2C - 712.( 728.% 31.¢ 95.k
Cu 0.34** < 0.4 - <04 <04 - <2 <2 0.4 0.t
Mn 0.4 <0.z - <0.z 0.2 - 447 46.4 14.2 36.4
Mo 0.€ <0.z - 0. 0.2 - <?2 <2 <0.€ 0.01
Zn 6.5 0.1 - 1.1 1.t - 12.¢ 15.¢ 4.5 1.6
Trace Se mg kg raw 0.4 <0.z - <0.z <0.z - <13 <12 <05 0.01
elements As material ™ <0.2 <0. - <0. <0. - 1.C 1.C <0.: < 0.0¢
Cd 0.0z < 0.0z - 0.0t 0.06 - <01 0.07 0.11 0.04
Co < 0.z <0.2 - < 0.z < 0.z - <0.t <0.t <0.2 0.0z
Cr <0.z <0.z - <0.z <0.z - 6.2 2.€ 0.3 0.01
Hg < 0.000: < 0.000: - <0.000: < 0.000: - <02 <02 <01 < 0.01
Ni 0.€ <0.2 - <0.2 < 0.z - 14 <0.t <0.:2 0.0z
Pb <0.2 <0.2 - <0.2 <0.2 - <2 3.7 <0.€ 0.01
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346  Table 2.Pot experiment: experimental conditions (dosesdflizers and nitrogen input) and results (plaiointass and nitrogen concentration, nitrogen upéaicenitrogen
347  use efficiency). Statistically significant (p-valged.05) differences among treatment are represéaytdetters. Treatments not significantly differémm ammonium nitrate
348  are marked with * (p-value >0.05).

Dry biomass Nitrogen Mineral fertilizer
- . Dry biomass nitrogen tissue g Nitrogen use efficiency .
Fertilizer Nitrogen 1 : uptake equivalent
: (g DM pot") concentration (%)
Treatment doses input (mg N g DMY) (mg N pot) (%)
(gpof)  (mgN pot) 9=4d
Mean + Mean + Mean + Mean + Mean +
Control 0 0.0 1.63 0.02 25.9 0.5 42 1 - - - -
Ammonium 150N 3.51 175 4.48 0.03 42.6 0.4 191 3 83 3 100 i
nitrate 250N 5.85 292 6.60 0.11 43.2 2.2 285 19
Nitrified e e
concentrated urine 3.02 157 4,99 0.04 39.8 3.0 198 13 100+ 8 120* 10
Stored urine 26.57 186 429  0.16 40.5 0.4 174 6 71° 3 86’ 4
Acidified stored urine  26.57 181 494 034 408 2.0 202 20 gg¥& 11 10675 13
Acidified fresh urine 26.57 144 4.14 0.20 36.7 0.8 152 5 77Cd* 4 gzcd* 4
Fermirr‘ifed fresh 58.46 172 433 025 347 20 150 9 63 5 762¢ 6
Alkalinized urine 26.57 140 3.78 0.13 37.5 0.5 142 6 72C 4 8GC 5
Dehydrated q q
alkalinized urine 1.06 107 3.62 0.09 34.7 1.2 126 2 79C 2 94C 2
(lime)
Dehydrated q q
alkalinized urine 1.33 142 4.08 0.26 37.6 2.1 153 2 79C 1 94c 1
(lime + biochar)
Fresh urine + 34.17 127 335 046  33.6 4.3 111 10 5 8 6620 9
woodchips ] ' ' ' '
Cattle slurry 44.97 181 330 009 357 0.6 118 4 2R 2 51° 2

349
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Supplementary Information

Sl. 1 Analysis method for plant and fertilizers

Fertilizers analysis:

Methods for solid product and cattle

Parameters Methods liquid product slurry
pH ISO 10523 NF EN 1303
Conductivity ISO 7888 NF EN 1303
Dry matter Determination of dry residue at 105 NE EN 13040
Tot-C - ISO 10694
Organic-C NF EN 148. ISO 10694
Carbon . NF U44-001
Inorganic-C -
Kjeldahl Method + NQ@
Kjeldahl method NF EN 256!
- NF EN 136542 for dehydrate
Total-N +NO, ( y
alkalinized urine)
Nitrogen
NH4-N o : NF EN 1365
NOLN Berthelot and Griess method NE EN 1365
PDAB colorimetry.
Urea-N N total— N mineral — N organic for the
mixture with woodchips
Organic-N N total— N mineral
P,O5
K,0
MO—ICP MS dosage NF EN 1365!
Mgb 00 -
Other Ca0 ISO 17294-2 ISO 17294
nutrients Na,O
NF EN 1365!
SO, ISO 11885 1SO 11885
Cl- ISO 10304-1 ISO 10304-1
B
Fe
Cu
Mn
Mo
Zn
Se ICP MS dosage NF EN 1365!
ISO 17294-2 ISO 17294
Trace metals As
Cd
Co
Cr
Ni
Pb
Hg NE EN 148. Dry combustion and cold vapor AAS

dosage




Plant analysis:

The dried samples of each replicate pot and hawest powdered. Subsamples of 50 mg were digested o
10 mL tubes with 1 mL of 67-70% HNGnd allowed to rest overnight prior to boiling fvout 4h to almost
dryness, then diluted to 10 mL and analyzed fomelsts by ICP-OES. Internal reference material wsesiuo
verify analytical accuracy. Total N was measureddoy combustion with an elemental analyzer (Thermo

Scientific, EA1108) via combustion at 900 °C antdsaquent analysis of G@nd N with gas chromatography.



Sl. 2 Detailed soil analysis

Parameter Unit Mean Standard deviation  Method
Clay 259 3
Fine silt 240 6
Soil texture Coarse silt g kg* 407 5 Pipette method with decarbonation
Fine sand 65.1 1.1
Coarse sand 25.7 1.0
pH (water) - 8.0 0 ISO 10390
pH CaCL, - 6.7 - ISO 10390
CEC mEq kg' 179 1 Cobaltihexamine extraction / ISO 23470
General -
characteristics —=/N ratio - 9.6 0.2 -
Total organic carbon 13.6 0.1 1ISO 14235
Organic matter 23.5 0.2 1ISO 14235
Total carbonate 8 1 ISO 10693
Total nitrogen 1.41 0.03 Dumas method / 1ISO 13878
Nitrogen NH,4 0.0003 0.00 KClI extraction (1 M), Berthel(_)t method
NO; 0.012 0.00 for NH,4. Cd reduction and Griess method
Mineral nitrogen g kg* 0.012 0.00 for NO;. NH, + NO; for mineral nitrogen.
P,Os Olsen 0.042 0
Sulfur 0.26 0.02 ISO 11466 / ICP AES dosage
K,0 exchangeable 0.41 0
MgO exchangeable 0.20 0 Cobaltihexamine extraction /
CaO exchangeable 4.65 0.04 ISO 23470
Na,O exchangeable 0.013 0.002
Other nutrients Boron 0.50 0.01 Boiling water extraction
Copper 2.7 0.0
:\r/l(;r:19anese mg kg* 18543 (2)3 DTPA extraction / ICP AES dosage
Zinc 2.7 0.1
Chloride 9.80 0.31 Water extraction & potentiometric dosage
Molybdenum <2 0 ISO 11466 / ICP-MS dosage (ISO 17294)




Sl. 3 Nitrogen residues at the end of the experiméation

An extraction was performed with KCI (1 mol*L. Ammonia nitrogen was measured using Berthelot
colorimetric method. Nitrite and nitrate were maasluusing a reduction on a cadmium column and thes&

colorimetric method. Colors correspond to the giémo form.
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Nitrogen residues were low for each treatment atethd of the experiment indicating a good uptakeroyps.

They are all below the initial nitrogen contentdrefthe launching of the experiment.



