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Dear members of the IHSS, dear colleagues and friends:

It is my pleasure to send you our 59th Newsletter, and to share new information about
recent and upcoming events and other important issues.
Before starting, I inform you with great sadness of the passing away of our esteemed
colleague, member of our society: Professor Moritz Schnitzer has passed away on June
11th, 2020. His close collaborators/former students Yona Chen, Nicola Senesi have
contributed an obit in memoriam of him, included in the present NL59.
This year, due to COVID19 many of our activities have been affected or postponed. The
scheduled 20th Meeting of the International Humic Substances Society (IHSS) in Estes
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Park, Colorado, USA has been postponed to August 2021. Despite the COVID19 odds,
the younger IHSS members had the possibility to apply for travel awards. The IHSS has
approved to support 17 young researchers to attend the 20 th IHSS Meeting in Estes
Park, Co,

in 2021. The updated

information

is available at

http://humic-

substances.org/20th-ihss-conference/.
I want to express a very special thank you to Prof. Fernando Rosario-Otriz & Prof. Ray
Hozalski, who put a lot of effort into the organization of the 20 th IHSS Meeting.
In 2020, one IHSS Board Member, Prof. Deborah Dick, retired as Board Member after
8 years of service to the Society. During that period, Deborah has contributed her
personal effort and time to IHSS issues, as well as scientific contribution and
enthusiasm. On behalf of IHSS community I express our deep appreciation to Deborah
for her service during all these years.
At the same time, a new Board Member, Prof. Claudio Zaccone, has been elected, and
took service. I welcome Claudio and wish him a successful service.
In 2020 our IHSS secretary, Prof. Heike Knicker, retired as Secretary after 8 years of
service to the Society. During that period, Heike has contributed lots of her personal
effort and time to IHSS issues, Board meetings, conferences. In parallel Heike made
scientific contributions of our members visible. On behalf of IHSS community I express
our deep appreciation to Heike for her service during all these years.
At the same time, a new Secretary, Prof. Marios Drosos, has been elected, and took
service. I welcome Marios and wish him a successful service.
According to IHSS bylaws, in 2020 Dr. Gudrun Abbt-Braun has accomplished her
service as former IHSS President. Gudrun’s service to IHSS, apart from her tireless
administrative contribution, encompasses her scientific and personal quality.
Professor Irina Perminova, our newly elected Vice-President took service during 2020.
I welcome Irina and wish her a successful service.
Dear IHSS friends, many thanks for your active participation and your effort to forward
the ideas of the International Humic Substances Society. Let us keep in contact to share
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news and important issues. I am looking forward to hearing from you and seeing you in
the near future.
I send you all warmest greetings, may you and your family stay safe.

Yiannis Deligiannakis
President of the IHSS
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IN MEMORY OF DR. MORRIS SCHNITZER
(1922–2020)

Morris

Schnitzer

(born

Moritz Israel and also called
Moishe by family) passed
away peacefully on June 9,
this year at Hillel Lodge in
Ottawa, Canada, at the age
of 98. He was buried beside
his wife, Leah, in the Jewish
Memorial

Gardens

in

Osgoode, Canada, on June
11,

2020.

Morris

was

exceptional as a person and
professional,

as

we

Morris Schnitzer with his wife Leah in the '70s

all,

members and friends of
IHSS, know.
He was born in Bochum, Germany, on February 4, 1922, to Herman and Rossa and had
two younger brothers: Edmund, deceased in Montreal in 2012; and Benno, murdered in
Auschwitz, as were their parents. Morris left Germany early 1938, due to the Nazi
persecution, on a children’s transport that carried him only as far as Holland, where he
found refuge for almost three years, while working on a farm. In 1941 he was caught up
in the Nazi invasion to Holland and spent the next years of the war using his ingenuity
and bravery to avoid capture or detection. He escaped Holland to France and shortly
after to Switzerland (briefly, as he was thrown back out) and from there to Belgium. He
was in prisons, in the underground, worked on farms and was often on the run. After the
end of World War II, he found out that his brother Edmund has reached Canada and
decided to immigrate and join him in Montreal, which he did in 1947. In Montreal he met
Leah Paltiel and married her in 1948. Shortly after marriage Morris has started to study
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extensively and successfully and thus met the requirements for entering McGill
University that year. He obtained His PhD degree in Chemistry in 1955. After two years
as a researcher in industry, Morris started his very long and brilliant career of a research
chemist at the Department of Agriculture-Canada in Ottawa, until his formal retirement
in 1991, after which he continued to conduct research and studies for many more years
to come.
During his long and outstanding career Morris was very productive scientifically
publishing more than 400 papers, co-authoring milestone scientific textbooks and
presenting invited memorable keynote lectures in many relevant conferences
worldwide. His laboratory attracted many researchers including 30 postdoctoral fellows,
visiting scientists and scholars (among them were the 2 undersigned), from 15 different
countries. With most of them Morris has maintained connections and was in touch for
many years, until very recently.

Ottawa Lab, 1976: Emile, Doug, Morris Schnitzer and Yona Chen (from left, standing)
and Nicola Senesi (with mustaches) and two other researchers (from left, sitting)
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Yona and I were conducting very fruitful research on humic substances, during a post
doc and sabbatical leave, respectively, in his laboratory, during the years 1975-77
(Yona) and 1975-1976 (Nicola). We both learned a lot from him. Morris was unanimously
appreciated as an inspiring teacher, mentor and colleague by generations of
researchers, and as a world-renowned scientist for pioneering the use of rigorous
organic and physical chemistry principles and spectroscopic tools to unveil the structure
and key processes of Soil Organic Matter-Humic Substances. His extended studies on
the Armadale podzol fulvic acids and chernozem humic acids have been the
fundamental basic materials for hundreds of scientists around the world. Thanks to his
sharp and innovative scientific approach and wide knowledge, Morris strongly
contributed to the advancement of modern Agricultural and Environmental Sciences.
Being his very enthusiastic and highly active followers we also learned and admired his
sharp analyses of science, his amazing ability to summarize, write, author and review
scientific articles and discuss these with us and with other colleagues. We were amazed
to see how quickly Morris was able to hand write and produce a text of a manuscript
using an un-sharpened pencil, a long lined paper and an eraser (rarely used). Usually,
no more than 1-2 days were needed by him to complete writing a manuscript (young
colleagues please remember – no PCs did exist). We also, along with many researchers
from the Department of Chemistry and Biology that hosted us, enjoyed every Monday
morning, a long and thorough discussion, of all American football and hockey games
that took place during the weekend in Canada and the US. Morris was the department’s
expert analyzer of these games. He knew the names of all players and memorized the
performances of each player on the ground. We as well as most department’s staff, liked
the discussions which made these games vivid, as if we were watching the games from
the seats of the playground. Did he like these as much as he liked soil organic matter,
remains an open question.
His scientific approach and his tireless working experience was contagious for so many
very young and mature scientists alike, over the decades of his effortless activity, trying
to analyze and describe the most intimate chemical nature of organic matter in soils and
sediments. Employing a similar talent, he showed in writing manuscripts Morris was
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particularly capable and effective in teaching students to write a manuscript, and/or set
up an experiment using a rigorous and scientific approach. His positive attitude, his
effortless and solid approach to the scientific work were probably the most direct and
simple tribute to his long and extraordinary human experience.
He was conferred several honors and awards, among which the Honorary Membership
of the International Humic Substances Society and the International Union of Soil
Science, culminating with the distinguished Wolf Prize in Agriculture (known as the
“Nobel Prize of Agriculture”) which he shared with Frank Stevenson and was granted to
them in Jerusalem in 1996. In 2002 Morris published the memories of his life before and
during the war in a book entitled “My Three Selves” that will be re-issued later this year.
All of us will always remember Morris not only as a very enthusiastic, supportive,
positively provocative and critical scientific leader, but also as a caring, generous, direct,
softly humorous, friendly and as a person full of humanity.
Morris is survived by his daughter Eve Schnitzer, grandson Jan Torrent and his wife
Nadine, and three great-grandchildren Aliyana, Xavier and Valentina.
Devoted to his memory,
Nicola Senesi
Università di Bari Aldo Moro, Italy
and
Yona Chen
Hebrew University of Jerusalem, Israel

REPORT ON THE ELECTIONS IN 2020
The Nomination Committee has announced the results of the elections end of March
2020. On-line balloting was used to elect the new officers, as has been done in previous
years. Balloting was opened from February 1st to February 29th 2020. 268 members
were eligible to vote and 188 members took part in the balloting (corresponds to 41%).

INTERNATIONAL HUMIC SUBSTANCES SOCIETY

9

During the election processes for 2020, there were two nominations for the position of
Vice President, Board Member and Secretary, each.
Results:
Vice President

Irina V. Perminova
Laboratory of Natural Humic Systems,
Division of Medicinal Chemistry and Fine Organic
Synthesis, Department of Chemistry,
Lomonosov Moscow State University, Russia
Email: iperm@med.chem.msu.ru

Board Member

Claudio Zaccone
Department of Biotechnology,
University of Verona, Italy

e-mail: claudio.zaccone@univr.it

Secretary

Marios Drosos
Institute of Resource, Ecosystem and
Environment of Agriculture (IREEA)
Nanjing Agricultural University, China

e-mail: drososmarios@njau.edu.cn
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The Nominations Committee included Seiya Nagao (Chair) (Japan), Mónica P. Antilén
Lizana, (Chile), Patrick Brenzonik (USA), Elsbieta Jamroz (Poland).
The Board thanks the members for their work in finding outstanding candidates for the
elections and supervising the election process. The Board would also like to thank all of
the candidates for running for a position and congratulates the two candidates that were
elected for a position on the Board.
According to the Bylaws of the IHSS, Article III, section 3
,…. the newly elected officers shall assume their duties on the first day of the next
International Meeting following their election.
However, since the 20th IHSS had to be postponed to 2021, the present Board of
Directors agreed on that the elected officers shall assume office during the next Board
Meeeting beginning of October 2020 which will be performed online.
Heike Knicker
IHSS Secretary

IHSS TRAVEL SUPPORT AWARDS 2020

Report on the IHSS Travel Support Awards 2020
The call for the IHSS Travel Support Awards 2020 to attend the 20th IHSS Meeting in
Estes Park, Colorado was announced in November 2019 on the IHSS webpage and in
NL 58. The committee consisted of three board members: Vice President José María
García Mina Freire (chair), and two Board Members, Deborah Dick and Maria
Jerzykiewicz.
The committee received 26 applications before the final deadline of January 31 st, 2020.
The applications submitted were from 11 countries and 5 continents: Brazil 10, China 1,
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Greece 1, Japan 1, India 1, Latvia 1, Nigeria 2, Norway 1, South Korea 1, Spain 2, UK
1, and USA 5.
The applications were evaluated based on their CV (0-30 points; personal data,
education (including a summary of courses taken), awards, publications, conferences
attended, oral communications, poster contributions), letter of the supervisor (0-10
points), and the manuscript (abstract for the conference, 0-60 points).
The overall quality of submissions was excellent. Considering the final scores, 17
students were selected for a travel award.
The IHSS Travel Support Awards will cover the conference fee (including excursion and
banquet) and reimbursement for airfare and other significant travel costs (train, bus). In
addition, the award recipients will receive a fixed stipend to cover the costs of
accommodations, meals not provided by the conference, and other incidental expenses.
Unfortunately, the winners were not able to receive their Awards in 2020 because the
global lockdown caused by the COVID-19 pandemic forced us to postpone the 20th IHSS
meeting to 2021. Nevertheless, the IHSS Travel Support Awards still can be used for
attending the meeting in 2021 and we are looking forward to meet them all during the
upcoming conference. The Board of Directors wants to congratulate all the awardees
listed below and in particular
Aikaterini Gemenetzi from Greece, who as the top applicant, was selected as the winner
of the Malcolm Award.
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List of the IHSS Travel Support Awards 2020
Family Name
Adejumo

First Name
Gbenga

Country Institution
Nigeria Obafemi Awolowo University

Berte
Campos Díaz
de Mayorga

Tchemongo
Paloma

USA
Spain

Cordero
Mercado
Fornari

Salimar

USA

Mayara

Brazil

Gemenetzi
Goranov

Aikaterini
Aleksandar

Greece
USA

Justi Laranja

Márcio

Brazil

Laszakovits

Juliana

USA

Márquez San
Emeterio

Layla

Spain

Müller

Carla
Aristonara
Carla

Brazil

Erika Mirelly

Brazil

Clécia
Andrade
João

Brazil

Iris Amanda
Alves
Chen

Brazil

Pereira de
Morais

Santana
Queiroz
Santos
Santos
Silva
Zhang

Brazil

Brazil

China

University of Houston- Main
Instituto de Recursos
Naturales y Agrobiología de
Sevilla (IRNAS-CSIC)
University of Massachusetts
Amherst
Department of Chemistry,
Federal University of Paraná
University of Ioannina
Old Dominion University
State of São Paulo
University
The Ohio State University
Institute of Natural
Resources and Agrobiology
of Seville (IRNAS-CSIC)
Federal University of Rio
Grande do Sul (UFRGS)
EMBRAPA Instrumentation.
S Carlos

Federal Rural University of
Pernambuco
Federal University of Sergipe
São Paulo State University
(UNESP)
Federal University of Sergipe
Nanjing Agricultural
University

Supervisor
O.O. Adensanwo
Irina Perminova
Stacey Louie
Heike Knicker

Boris Lau
Antonio Salvio
Mangrich
Maria Louloudi
Patrick G.
Hatcher
Márcia Cristina
Bisinoti
Allison A.
MacKay
José Antonio
González Pérez
Deborah Pinheiro
Dick
Débora
Marcondes
Bastos Pereira
Milori
Ramom Rachide
Nunes
Luciane Pimenta
Cruz Romão
Márcia Cristina
Bisinoti
Luciane Pimenta
Cruz Romão
Marios Drosos

José María García Mina Freire
Chair of IHSS Travel Awards Committee 2020
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CALL FOR MEMBERSHIP AWARD 2021
Coordinators of Regional and National Chapters demonstrating increasing
membership numbers for two or more years are encouraged to apply for
consideration of an award of one registration fee that can be awarded to one
member from their chapter to attend the next international IHSS meeting.
Applications shall be sent to the new IHSS president
José María García Mina Freire (jgmina@unav.es)
and in copy to the new secretary
Marios Drosos (drososmarios@njau.edu.cn)
The applicant should provide a description of activities resulting in the increased
membership. The decision will be made by the Board of Directors.

PAST MEETINGS

Czech Chapter (Inter)national Meeting 2020, March 6th 2020
This time, the 2020 meeting of the Czech chapter took place in Valtice, a small town in
the South Moravian region of the Czech Republic, on March 6. The venue for the
meeting was the Centre of Excellence operated by The National Wine Centre
(https://www.vinarskecentrum.cz/en/) and in the Secondary Winery School Valtice
(https://www.svisv.cz/). The meeting was traditionally supported and sponsored by the
Amagro (http://amagro.com/amagro.html) and Humatex (http://www.humatex.cz/)
companies. Although some potential participants cancelled their participation due to the
Coronavirus emergency, almost 40 attendees were present from both the academic and
industrial sectors, including guests from Germany and Slovakia.
The meeting was opened by Miloslav Pekař, the IHSS Czech National Coordinator, and
Lubomír Rákos, Director of the Amagro company. The first session was run by Zora
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Špirakusová (Amagro), who presented the results of several field trials with
Lignohumate MAX on spring barley. She demonstrated the positive effect of this product
on the yield and qualitative characteristics of barley, despite unfavorable climatic
conditions during the trials. Barbora Badalíková (Research Institute of Fodder Crops)
talked about trials applying compost and compost with lignohumate in vineyards and
apple orchards. Just the combination of the two materials was shown to be the best
measure from the point of view of water retention in soil, organic carbon content, and
organic matter quality. Tomáš Weidlich (University of Pardubice) reported on the
pyrolytic treatment of solid residue from sewage treatment plants into biochar, which
can serve as a sorbent of various pollutants and also, for example, in a mixture with
some humic products, as a soil conditioner. Uwe Böhm (Agrostim, Germany) introduced
his contribution with the motto “Health rests in healthy soil” and spoke about his
company’s long-term experience with soil management using a minimum of synthetic
products and giving a strong preference to natural materials and molecules – for
example liquid manure, mycorrhizal consortia, and also lignohumates. He demonstrated
how linking this approach to animal farming cuts costs, including veterinary care costs.
Jiří Smilek (Brno University of Technology) overviewed his young researcher project
supported by IHSS, which he presented recently at the conference of the
Commonwealth of Independent States IHSS chapter. Together with Petr Sedláček (Brno
University of Technology), he reported on reflections and inspirations from the
conference, titled Humic Innovative Technologies – Humic Substances and Living
Systems, which took place in Moscow, October 2019. The morning session was closed
by Jan Kowolowski followed by Lubomír Varga (both from the Secondary Winery
School), who described their continuing experience with the application of Lignohumate
MAX and Lignoactivator, and also, recently, Vitalic in vineyards and their effects on the
characteristics of both harvested grapes and wine produced from them. Wine samples
were provided for tasting and evaluation by the participants of the meeting.
The afternoon session was opened by Dagmar Matějková from the Czech trade agency,
who reported on the support provided by this agency to Czech exporters of (not only)
humic products. The second speaker, Z. Špirakusová, remained also on a general level,
sharing her impressions – these somewhat pessimistic with respect to Czech agriculture
– from the recent conference on the future of European agriculture, which was held in
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Prague in autumn 2019 and included representatives of EU organs. Aleš Hanč (Czech
University of Life Sciences, Prague) shared his team’s experience with vermicomposting
and described several practical examples on both the domestic and industrial scales.
His contribution was taken up by Vojtěch Enev (Brno University of Technology), who
presented results from the monitoring of horse manure vermicomposting by means of
spectroscopic and other methods of chemical analysis. He demonstrated that
florescence spectroscopy in particular enables vermicompost maturity to be monitored.
Stanislav Janošík (STIMAP, Slovakia) summarized his long-term experience with the
application of lignohumate preparations on corn and rapeseed during the pre-vegetative
and vegetative periods, and stressed the effectiveness of his application technology also
in the regeneration of variously damaged areas (by wildlife, flooding etc.).
After a short break, the afternoon
session continued with a contribution
by

Martina

Klučáková

(Brno

University of Technology) on the first
results of a study on the interactions
of selected pharmaceutically active
substances

with

soil

humic

substances and the soil itself. Drugs
penetrate

into

the

environment,

particularly as a fraction of waste water and bring increasing stress. For example,
Ibuprofen bonding to the investigated matrices was revealed to be rather tight. Michal
Kalina (Brno University of Technology) presented the results of a pilot project aimed at
the interactions of selected pesticides with some soil conditioners (lignite, alginite),
realized in cooperation with the European Landscape Water Retaining Institute. He
pointed to synergic sorption effects of soil and the investigated conditioners. Following
this, Vojtěch Enev (Brno University of Technology) shared his experience with a novel
method for the analysis of humic products, originating in the USA and recently
incorporated into the ISO standards. He spoke about the analysis of a Chinese product
traded under the name HumiKey; the parameters reported by its producer corresponded
to the findings obtained by the method. Ladislav Menšík (representing a team from the
Crop Research Institute, Prague and its Jevíčko research station, and Mendel University
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in Brno) overviewed traditional applications of NIR spectroscopy in agriculture and
reported on its extension to soil characterization (carbon content, organic carbon
determination, contents and types of humic substances). He stressed the need for the
reliable and careful calibration and validation of this technique as well as its simplicity in
comparison with methods of wet chemical analysis. The last lecture was delivered by
Jaroslav Záhora (Mendel University in Brno) and concerned the broad issues of
sustaining

life

in

soil,

organic

farming, and respecting the intricate
relationships between plants and
soil microbiota. He also tackled
related impacts on soil structure,
nutrient flows, and their availability
to both plants and microorganisms,
especially with respect to the losses
of

such

flows

in

conventional

farming.
The meeting finally concluded with dinner in the wine cellars of the winery school, during
which informal talks and discussions continued over wine and participants sang and
danced to music provided by a traditional Moravian folk band.

Mila Pekař
National Coordinator of the IHSS Czech Chapter

European Geosciences Union (EGU) General Assembly 2020, Online, May 4-8
2020
As response to the COVID-19 pandemic, the EGU General Assembly 2020 was
converted into the online format “Sharing Geoscience Online”, which was definitively an
exciting and successful experiment. Programmed with 701 scientific sessions, 11,380
presentation materials were uploaded and discussed. In addition, virtual live sessions,
Union Symposia, Great Debates, Townhall Meetings, and Short Courses were offered
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giving interested community members the chance to meet online and share their
research and ideas. The assembly offered although the platform for the following
session co-sponsored by the IHSS and organized by the EGU Soil System Sciences
Division (SSS), with co-organization of the EGU Biogeosciences Division (BG).
SSS5.7: Mutual interaction of humic substances with heavy metals, pesticides
and PAHs
Conveners Jerzy Weber, Teodoro Miano, Aleksandra Ukalska-Jaruga
This idea of this session is based on the fact that fate and activity of heavy metals,
pesticides, PAHs and other xenobiotics depend on their interaction with humic
substances present in terrestrial and aquatic systems. They may be immobilized due to
various interactions with humic substances thereby influencing the qualitative properties
of humic substances. These processes are dependent on the properties of specific
fractions, including humic acids, fulvic acids and humin. Thus, papers covering various
aspects of mutual interaction between humic substances and heavy metals, pesticides
and PAHs were welcome.
The session “Mutual interaction of humic substances with heavy metals, pesticides and
PAHs” took place as a live, text-based chat on Monday, 04 May, at 10:45–12:30. The
session was led by Jerzy Weber. All authors of abstracts submitted to the SSS.5.7
session were encouraged to upload their presentations (displays), which would include
anything that they wish to share about contributions. All presentations (displays) were
on-line available from Saturday, 02 May (2 days before the session) until end of May
2020. Due to that, all colleagues interested in the subject of the session had the
possibility to send comments and questions before the live chat, as well as after the
session.
All attendees of the session, both registered as well as non-registered for EGU2020,
were able to join the session after free of charge registration. The session was a textbased chat, so all participants were able to watch uploaded display, but neither live
presentations or streaming nor audio materials could be used.
At the session all contributions were displayed and discussed in the order of appearance
in the program. Each author was asked for a short, one-two sentences introduction,
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followed with questions and discussion. Finally, the following eight presentations were
discussed:
1) Isolation of the humin fraction from soil: preliminary comments;
2) Interaction of soil humin fraction with pesticides - a review;
3) The phytoextraction potential of selected vegetable plants on Kosovo
contaminated soils;
4) Olive husks biochar application in microbial remediation of pyrene polluted soil:
a possible win-win solution;
5) The effects of waterlogging on the solubility of arsenic and ecotoxicity of soil pore
water in non-fertilized and fertilized soils in historical mining sites;
6) Colloidal aspects of the frmation of the interactions between humic substances
and surfactants;
7) Hg(II)-dissolved organic matter (DOM) interactions in freshwater and their
removal in vonventional water treatment;
8) The function of carboxyls in the structure of humic acids to binding of organic
substances.
Abstracts

of

all

contributions

presented

at

the

session

https://meetingorganizer.copernicus.org/EGU2020/displays/34793.

are

available

Despite

at

many

concerns related to the lack of experience in organizing such meetings, the session was
a great success. It was possible thanks to the excellent preparation of the system by the
Copernicus Office, the team which organize all EGU Assembles. The session met with
keen interest by the participants. Even though it was very early in some regions of the
world (4 a.m. in Texas), the authors from that locality took an active part in the
discussion. The session went very smoothly, with lively discussions that took up all the
reserved time. The session provided deeper insights and understanding of the
mechanisms of xenobiotics behavior in relation to humic substances, that may occur
naturally in the environment.
Jerzy Weber, Teodoro Miano and Aleksandra Ukalska-Jaruga
Session convieners

Aside from this session, the following sessions were organized by members of the IHSS:
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SSS5.2/BG3.42: Interaction of exogenous microbial inoculum with soil organic
matter fractions
Conveners: Luciano Beneduce, Cesar Plaza, Stefano Trotta, and Claudio Zaccone
SSS5.4: Soil organic matter turnover: estimating SOM dynamics by combining
biomarker with stable isotope analyses
Conveners: Layla Márquez San Emeterio, José González-Pérez, Jens Holtvoeth,
Nicasio T Jiménez-Morillo
SSS5.5: Biomass and waste valorization within a circular economy: from urban
mining to soil amendments
Convener: Claudio Zaccone | Co-conveners: Gabriel Gascó Guerrero, Ana María
Méndez, Maurizio Ventura, Claudia Kammann, Jorge Paz-Ferreiro, César Plaza
SSS8.12/BG3.58/GM3.11: Fe(II)-catalyzed transformation of Fe (hydr)oxides in
particle-size soil organic matter fractions from amended agricultural soils
Conveners: Beatrice Giannetta, Ramona Balint, Daniel Said-Pullicino, César Plaza,
Maria Martin, and Claudio Zaccone
SSS9.9: Soil amendments –innovative applications and sustainable land use
Conveners: Giacomo Ferretti, José María de la Rosa, Paloma Campos, Katharina Maria
Keiblinger, Giulio Galamini
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UPCOMING MEETINGS
20th International Conference of the
International Humic Substance Society,
August 15-20, 2021

Dear Colleagues,

As you probably already know, IHSS 2020 has been postponed to the summer of 2021
because of the COVID-19 pandemic. The new dates are August 15-20, 2021. The plan
is to retain the current list of presenters and the program that was prepared.
Nevertheless, we anticipate that some presenters may be unable or unwilling to attend
a rescheduled meeting. All presenters will be contacted in the next few months to
determine those who still are willing to participate in the rescheduled conference. For
those that agree to remain a presenter, we will offer the opportunity to revise or update
the title and abstract. We will reopen abstract submission before the end of the year to
fill any gaps in the oral presentation part of the program and to solicit additional
poster presentations.

We thank you for your support of IHSS 2020 and we look forward to your participation
at the conference next summer. In the meantime, we hope you remain safe and healthy
in these challenging times.

Sincerely

Fernando Rosario-Ortiz and Raymond M. Hozalski
IHSS 2020 Conference Co-chairs

Conference website: https://ihss2020.org
Twitter: @2020ihss
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IHSS SPONSORSHIP FOR SCIENTIFIC MEETINGS

All members are encouraged to apply for IHSS sponsorship of scientific meetings. The
respective guidelines are published on the webpage.
http://humic-substances.org/apply-for-ihss-sponsorship-of-a-conference/

ACTIVITIES OF IHSS MEMBERS

PhD Thesis of IHSS Members Defended in 2020
Ivo Ganchev: "Co-aggregation between Bacillus subtilis and Escherichia coli K-12
strains and multispecies biofilm formation". Institute of Microbiology, BAS, Sofia,
Bulgaria
David de Hita: “Effects of sedimentary humic acids on endophytic microbiomes:
implications and agronomical potential”. Universidad de Navarra, Navarra, Spain
Training Research Award – A Special Achievement!
In 2019, 9 of our young members received the Training Research Award of the IHSS to
visit a collaborating institute to complement their education with a special training related
to their research activities. Several of them kindly provided her technical reports for
publication in the NL. Note in order to keep within the limited page frame and for editorial
reasons, not all of the provided figures were included in this summarizing version. In
addition, the responsibility of the contents of the summaries and the copyrights are in
the hands of the authors.
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Effects of pyrolysis conditions on trace elements uptake by tomato plants in
polluted soils amended with rice husk and almond shell biochars
by
Paloma Campos Díaz de Mayorga
IRNAS-CSIC, Sevilla, Spain

Host supervisors: Teodoro Miano, University of Bari, Lea Piscitelli, CIHEAM, Bari, Italy
Training time:

1.

August 30th, 2019 – December 2nd, 2019

Aim and objectives of the IHSS Training Award Grant

Heavy metals are non-biodegradable and persistent in soils, thus they can negatively
affect plants, animals and humans. Biochar, an emerging carbonaceous material
produced by pyrolysis of organic residues (De la Rosa et al., 2014), has been used as
a tool for the remediation of trace element polluted soils. Biochars usually have alkaline
pH and high water holding capacity (WHC), surface area and cation exchange capacity
(CEC), which are appropriate properties to reduce availability of heavy metals in the
environment (Paz-Ferreiro et al., 2014). Beside this, the effect of adding biochar, which
is composed mainly of aromatic carbon with high recalcitrance, in soil humic acids, both
in quantity and composition, is unknown. Recent studies (De la Rosa et al., 2018)
showed that biochar could be less stable than previously supposed, possibly having
effects on humic acids and, in consequence, in C cycle.
Thus, the major aim of this grant was to investigate the immobilization of trace elements
and the effects on humic acids after the application of biochar from rice husk and almond
shell into trace element contaminated soils. The specific objectives of the grant were:

1. Evaluation of plant germination and growth in biochar amended polluted soil.
2. Evaluation of the feasibility of heavy metal immobilization by rice husk and almond
shell activated biochars and determination of heavy metal uptake by tomato plants.
3. Evaluation of the effects in quantity and composition of soil humic substances by
biochar amendment.
4. Strengthen the bilateral cooperation between IRNAS-CSIC and the University of Bari.
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2.

Overview of activities

To attain the proposed objectives, two biochars were used in this study. Biochars were
produced from rice husk (RHB or biochar C) and almond shell (ASB or biochar D) at
500 ºC and they were activated with steam. Two soils were used for the experiments.
Soil A was collected in Spain from the area affected by the Aznalcollar toxic spill in 1998;
while soil B was collected from a mine area in Kosovo.

2.1. Samples characterization
Prior to the setup of the experiment, characterization including pH, EC, water holding
capacity (WHC), TC, TN, TH and ash content of biochars and soils were performed
according to standard methods. The total carbonate content in the soils was determined
using a Dietrich-Fruhling calcimeter. Textural class of soils were determined by a
combination of pipette and sieve methods.

2.2. Phytotoxicity test
In order to estimate the potential phytotoxicity of the biochars, 10 g dry weight (d.w.) of
each sample were added to 60 % of water content, mixed for 30 min, centrifuged and
then filtered through Whatman 1 filter. Thereafter, 1.5 ml of the extracts diluted with deionized water at 1:99, 3:97, 1:9 and 3:7 (v/v) ratios were spiked on filter papers placed
on the bottom of the Petri dishes (n=3 per each treatment). In addition, three Petri dishes
containing 1.5 ml of deionized water were prepared as control. Then, 10 seeds of
Lepidium sativum L., previously soaked for 30 min in deionized water, were placed in
each Petri dish (Figure 1b). The dishes were stored in darkness at 25 ºC for 72 h.
Germination Index (GI) was calculated according to the following formula (Zucconi et
al., 1981):
GI (%) = (Gs·Ls)/(Gc·Lc)·100
Where: Gs is the number of germinated seeds of the sample; Ls is the sample average
root elongation (mm); and Gc and Lc (mm) are the corresponding values of the control.

2.3. Experiment 1: Evaluation of the effects of biochar amendment on trace
element uptake and on soil humic acids
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Prior to the setup of the experiment, the germinability of tomato seeds was tested by
placing 10 seeds of Solanum Licopersicum over a filter paper in Petri dishes. 1.5 ml of
deionized water was added and after 24 h the number of germinated seeds were
counted.
Each soil was mixed with 0, 5 and 10 % of each biochar. 4 pots (180 g of soil) per
treatment were prepared and 3 tomato seeds were sown in each pot. All the pots were
incubated under controlled conditions (12 h light/day, 25 ºC). After 40 days, number of
true leaves and height of tomato plants were measured. The following parameters were
determined at the end of the experiment (96 days): soil moisture, plant fresh and dry
biomass, stem diameter (measured at 3 cm over soil surface) and length, leafs area (by
scanning and analysing with Digimizer), SPAD value and partitioning of trace elements
into leaves and roots in biochar amended and un-amended soils.
Soil humic acids were isolated following the procedure described by De la Rosa et al.
(2011). After their extraction, humic acids were characterized by elemental composition
(TC, TN) and spectroscopic analysis as solid-state Nuclear Magnetic Resonance
spectroscopy (13C NMR) and Fourier-Transform Infrared spectroscopy (FTIR).
Elemental composition was determined following the procedure described by De la
Rosa et al. (2014).

13C

NMR spectroscopy and FTIR were performed following the

procedure described by Knicker et al. (2005) and De la Rosa et al. (2011).

2.4. Experiment 2: Evaluation of biochar amendment on phosphorous and zinc
plant uptake.
A complementary study was carried out to evaluate the competition for the nutrient
uptake in plants between phosphorous and zinc in the soil with high Zn content (Soil A).
160 g of soil A was mixed with 0 % (w/w) of biochar (A-P), 5 % of rice husk biochar
(AC5-P) and 5 % of almond shell biochar (AD5-P). Phosphorous was added in all pots
as K2HPO4 form in a rate of 100 kg ha-1. Each treatment was prepared in triplicate. After
29 days, number of true leaves and height of tomato plants were measured. At the end
of the experiment (84 days), soil moisture, plant fresh and dry biomass, stem diameter
(measured at 3 cm over soil surface) and length, leafs area, SPAD value, partitioning of
trace elements into leaves and roots and uptake of phosphorous and zinc by plants were
measured. Available and solubilise phosphorous were determined (Olsen and
colorimetric methods).
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3.

Preliminary results

3.1. Phytotoxicity
According to Figure 1, only the pure extract of ASB showed a threshold below 60 %;
indicating its possible phytotoxicity. However, biochar concentration in which it is
generally applied into soils would be closer to the rates 1:9 or 3:7, thus this result could
not have a negative effect at a field scale. Only 3:97 of RHB showed a GI>100 %,
indicating a tendency in improving germination and elongation of roots.

Figure 1. a) Germination index of RHB and ASB extracts at different concentrations, b)
Addition of extract RHB 1:99 into Petri dishes with 10 seeds of Lepidium sativum L.

3.2. Experiment 1
RHB amendment to soil A improved plant development (number of true leaves from 2
up to 5) after 40 days, although no differences were found between 5 and 10 %
biochar:soil rates. After 47 days, these differences with RHB were also visible (Figure
2b).
At the end of the experiment (96 days), plant growth in both soils was different. In soil
A, plants were smaller, whereas plants in soil B presented greater leaves area, stem
diameter and weight. SPAD values in soil A were greater than in soil B, possibly related
to the chlorosis presented in several soil-B leaves. No differences were found in SPAD
values between treatments of each soil. RHB significantly improved plant development,
whereas the effects of ASB were lower. RHB increased stem diameter from 2.7 up to
5.0-5.5 mm for soil A and from 3.8 up to 5.6-6.6 mm for soil B. In soil A, RHB increased
leaves fresh weight from 1.9 up to 5.7-6.6 g and root fresh weight from 1.2 up to 4.3-4.5
g.
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Figure 2. a) View of SPAD value determination on tomato leaves, b) View of control (in
red) and amended (green and orange) soil A pots after 47 days.
ICP-trace elements and humic substances data were still under analysis before finishing
the report.

3.3. Experiment 2
Biochar application generally improved plant growth. For example, RHB increased stem
diameter from 3.5 to 6.2 mm; stem length from 8.6 to 15.0 mm; leafs area from 39.5 to
107.1 cm2 or root fresh weight from 0.5 to 3.4 g compared to the control soil. ASB
increased stem length from 8.6 to 13.6 mm; stem fresh weight from 0.6 to 2.0 g or roots
fresh weight from 0.5 to 3.1 g compared to the control soil.
RHB significantly increase the amount of available phosphorus in soil after 84 days. ASB
showed a tendency to increase, although it was not significant. ICP data were still under
analysis, thus, P and Zn uptake by plants are not discussed yet in this work.
In conclusion of phytotoxicity test and both experiments with soil+biocar+tomato plants,
rice husk application is highly recommended to improve plant growth, whereas almond
shell biochar is recommended but with more limited effects on plants. Finally, low
differences were found between the application rates for RHB of 5 and 10 %.

4.

Future collaboration with the host institution and divulgation of results

from the grant
Plant growth was slowest as expected, thus a second visit to Bari for completing all the
analysis was performed in January 2020. After completing statistical analysis, two joint
publications will be prepared for submission to SCI journals. Diverse oral and poster
presentations in international conferences are planned for the divulgation of the results.
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Structural studies on organic matter from vermicompost tea of different
composition
by
Gbenga Daniel Adejumo,
Department of Soil Science and Land Resources Management, Faculty of Agriculture,
Obafemi Awolowo University, Ile-Ife, Osun – State, Nigeria

Host supervisors:

Irina V. Perminova, Department of Chemistry, Moscow State
University, Russia

Training time:

1.

October 1st, 2019 - December 29th, 2019

Aim and objectives of the IHSS Training Award Grant
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The use of synthetic chemicals to control pests has been effective. However, its frequent
use is a threat to humans and the environment. Moreover, Pimentel (1995) has shown
that only 0.3% of sprayed insecticides interact with the target pest thus, leaving a greater
percentage of the insecticide on the soil and plant. Furthermore, Cenkseven et al.,
(2019) demonstrated how insecticides, in particular, emamectin-benzoate negatively
affect soil properties and environment therefore, making continuous and unguided use
of insecticides environment-unfriendly and unsustainable. At the same time, different
studies have shown the potential of vermicompost tea, which is an organic fertilizer
obtained by water extraction of vermicompost, to act selectively against insect pests
depending on the substrate it is made of (Arancon et al., 2005; Yardim et al., 2006; Pant
et al., 2009). Besides, our own studies, conducted recently on neem leaf (Azadirachta
indica) vermicompost tea in the southwestern Nigeria, have shown very positive results
against fall armyworm (Spodoptera frugipada) insect pest. To this end, this study is
aimed at characterizing extracts from different vermicompost, and, in particular, from the
one used in our studies against fall armyworm in South-western Nigeria, to establish a
relationship between the compost origin and specific features of its organic matter. The
specific objectives of this study were to:
1. obtain different types of vermicompost tea by extracting both neem leaf and other
types of vermicomposts with a use of water and alkaline solutions
2. determine the maturity of organic matter in the produced vermicompost teas; and
3. characterize composition and structure of the organic matter in the produced
vermicompost teas.

2.

Overview of activities

To achieve the proposed objectives, vermicompost was prepared in Nigeria from
different plant leaves (Azadirachta indica and Tithonia diversifolia) and animal dung
(cow, poultry and swine) mixed in the ratio of 3:1 (w/w), respectively, in a compost-bin
according to Bhat et al. (2015). The mixture of leaves and dung was pre-composted for
15 days (Usmani et al., 2017). Then, it was vermicomposted with 5 g/kg of identified
earthworm (Eudrilus eugeniae) for 30 days (Goswami et al., 2016). Eighteen samples
were collected for analysis at 0 (control), 15 (pre-compost) and 45 days (vermicompost)
(Table 1). These solid samples were brought from Nigeria. They were extracted at the
Laboratory of Natural Humic Systems of the Department of Chemistry, Lomonosov
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Moscow State University, Moscow, Russia, to prepare vermicompost teas. For this
purpose, they were added with distilled water or alkaline (0.1M NaOH) solution at the
ratio of 1:10 (w/v) and shaken for 24 hours (Ali et al., 2019). Thereafter, they were
centrifuged for 15 minutes at the speed of 10000 rpm using ThermoFisher centrifuge.
The list of the samples prepared is given in Table 1.

Table 1: An overview of the objects of investigation.
Note: Each of the sample was extracted in both distilled water and alkali (0.1M NaOH).
Number of water extract samples = 18
Number of alkali extract samples = 18
Total number of investigated samples = 36
Plant

Neem Leaf (Azadiractha indica)

Tree

marigold

Material

(NL)

diversifolia)

(Tithonia

(TD)
Animal

Cow dung Swine

Poultry

Cow dung Swine

Poultry

Material

(CD)

manure

(CD)

manure

dung (SD)

dung (SD)

(PD)

(PD)

0-Day

NLCD0

NLSD0

NLPD0

TDCD0

TDSD0

TDPD0

15-Days

NLCD15

NLSD15

NLPD15

TDCD15

TDSD15

TDPD15

45-Days

NLCD45

NLSD45

NLPD45

TDCD45

TDSD45

TDPD45

2.1.

Assessment of vermicompost tea quality
The quality and maturity of organic matter in each
extracted samples under study were investigated by
determination of C:N ratio and the humification index
using TOC and TN Shimadzu Analyzer, UV-Vis

Laboratory Analysis using TOC and TN
Analyzer

spectrophotometer (Cary 50 probe) and excitationemission

fluorescence

(MicroMax

384).

The

polydispersity of organic matter in the vermicompost tea and change in its molecular
weight characteristics during humification process was determined using size
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exclusion chromatography (SEC). The HPLC system consisted of a solvent pump, a
packed column of 15x250 mm with Toyopearl HW-55S (Toso-Haas, Japan) and UVdetector. Furthermore, a change in the degree of acidity and alkalinity of vermicompost
tea was determined using the Metrohm-713-pH meter.

2.2.

Functional group and structural analysis of organic matter from the

vermicompost teas
The functional group composition in both vermicompost (solid sample) and
vermicompost tea (liquid sample) was determined using FTIR (Vertex-70). The
structural composition of vermicompost tea was accessed using

13C

and 1H NMR

spectroscopy. For NMR analysis the samples were dried and dissolved in 0.75 ml of
D2O. The spectra were acquired using an Avance 400 spectrometer (Bruker, Germany)
operating at 400 MHz proton frequency. In addition to analysis of organic matter, the
composition of inorganic constituents was determined using Inductively Coupled
Plasma-AAS both for water and alkaline extracted vermicompost tea. For evaluating
nutrition value of the obtained vermicompost teas, the content of nitrate and ammonium
was determined in water extracted vermicompost tea using ion selective electrodes
respectively.

3.

Preliminary Results

During the three months of training, all the proposed analyses on the thirty six samples
of vermicompost tea were carried out. From the data set obtained, the differences in the
structural and elemental composition before and after vermicomposting of the organic
materials were observed. More aliphatic structures such as alkyl, polysaccharides and
alcohol structural units were found in the extract of Neem leaf with cow dung before
vermicomposting as compared with after vermicomposts. This could be a result of
decomposition and breaking down of long-chain aliphatic compounds of the organic
matter by earthworm enzymes during the vermicomposting process. These structural
changes were confirmed by the SUVA (254 nm) values determined from the UV-Vis
spectra. Nonetheless, an increase was observed in the content of methoxyl groups
(CH3O) and aromatic carbon (substituted with oxygen CarO and non-substituted Car).
The decomposition of neem leaf was accompanied by the breakdown of long-chain
aliphatic compounds, which increased nutritional value of the vermicompost tea making
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it a good fertilizer as it was also reported by (Arancon et al., 2005; Yardim et al., 2006).
Furthermore, an increase in the content of lignan components with characteristic OCO
groups was observed from the 13C NMR spectra (Figure 1).

40.0
35.0

Before
Vermicomposting

35.0

30.0

BEFORE
VERMICOMPOSTING

25.0

30.0
25.0

AFTER
VERMICOMPOSTING

20.0

After
Vermicomposting

20.0

15.0

15.0

10.0

10.0

5.0

5.0

0.0

0.0
CHn

a)

13C

Distribution in NMR Spectra

b)

1H

a-CHn

CHnO

H-arom

Distribution in NMR Spectra

Fig 1: Structural Group Composition of Organic Matter Extracted from the Neem Leaf
with Cow Dung Before and After Vermicomposting

It was reported (Chen et al., 1996) that the lignan components could have insecticidal
properties. This report was also confirmed by Weng et al., (2004) who investigated the
insecticidal properties of lignan components. Therefore, this could be why water
extracted vermicompost tea from the Neem leaf with cow dung was effective against fall
armyworm in our study in South-western Nigeria. However, more sophisticated and
selective instrumental analysis (e.g., HPLC-MS, FTICR MS) should be carried out on
this vermicompost tea.

4.

Future collaboration with the Host Institution

As mentioned earlier, all the proposed analyses were completed during the threemonths training. However, the more sophisticated instrumental analysis, such as
FTICRMS and HPLC-MS are to be applied for identification of the impact of
vermicomposting on transformation of Azadiracthin, which is the active ingredient in
Azadirachta indica, For accomplishing this advanced studies, my host supervisor is
currently working on a collaboration between Lomonosov Moscow State University,
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Moscow, Russia, and Obafemi Awolowo University, Ile-Ife, Southwestern Nigeria. This
collaboration is expected to open doors for my Ph.D studies at the Lomonosov Moscow
State University.

5.

Projected Publications/Articles Resulting or to Result from the Grant

Structural Studies and the Effect of Organic Matter from Neem leaf Vermicompost Tea
on Fall armyworm in South-western Nigeria (In preparation for submission).
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Evaluation of electron donating characteristics of aquatic humic substances by
electron paramagnetic resonance (EPR) spectroscopy
by
Carlo Bravo
Department of Agricultural, Food, Environmental and Animal Sciences, University of
Udine, Italy

Host institution:

Ladislau Martin-Neto, Embrapa Instrumentation Center, Sao Carlos
City, Sao Paulo State, Brazil

Training time:

1.

August 4th, 2019 – October 16th, 2019

Aim and objectives of the IHSS Grant

In natural wetlands and submerged soils, humic substances (HS) are involved in
numerous redox processes. HS can be used by facultative anaerobic bacteria as
terminal electron acceptors (TEA) during anaerobic respiration (Keller et al., 2009).
Upon re-aeration, they can donate electrons to oxygen (Lovley et al., 1999). In addition
to acting as redox buffers, HS can stimulate iron reduction via electron shuttling (Kappler
et al., 2004). HS also mediate electron transfer to organic (e.g. halogenated
hydrocarbons) and inorganic (e.g. Hg) pollutants, affecting their geochemical cycle.
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Phenolic groups and quinones act as major reducible moieties in HS (Aeschbacher et
al., 2012; Lau et al. 2015). Depending on their molecular structure and soil conditions,
which determine how many of their redox-active functional groups are reduced or
oxidized, HS possess a certain electron donating capacity (EDC, capacity to release
electrons from reduced functional groups). The aim of my research was to investigate
the role of stable radicals in the phenolic groups and quinones in determining the
antioxidant capacity of HS. Moreover, I wanted to understand the different mechanisms
that are involved in HS during redox reactions.
The specific objectives of the grant were to use EPR spectroscopy to:
a. Quantify and characterize free-radicals present in a set of natural HS samples,
extracted from submerged soils from a lagoon environment (Marano and
Grado Lagoon, Italy).
b. Investigate kinetics of HS electron donation by examining their reaction with
the ABTS●+ radical cation.

1.1 Origin and extraction of the analyzed HS
The Marano and Grado Lagoon (Italy) is located in the northern part of the Adriatic Sea.
A complete and extensive description of the Lagoon and its saltmarshes is reported in
Fontolan et al. (2012). Three saltmarshes of the western sector of the Lagoon were
selected in this study: i) a high saltmarsh, the Allacciante di Marano (AM) which is a
mainland fringing saltmarsh with consistent river influences; ii) a low saltmarsh, the
Allacciante di San Andrea (ASA), where dredging operations influenced the natural
process of soil formation and iii) a back-barrier saltmarsh, the Barena di Martignano
(BM), where the influence of the open sea predominates. In each saltmarsh, four surface
soils were sampled following a gradient of decreasing altitude above the mean sea level
(a.m.s.l.).
Extraction of HA from soils was carried out under N2 flux, first with 0.5 M NaOH (free
HA) for 1h and then with 0.1 M Na4P2O7 plus 0.1 M NaOH (bound HA) for another hour
(De Nobili et al., 2008). Soil extracts were centrifuged (14000 rpm for 20 min) and
supernatants were filtered using 0.2 μm cellulose filters. Free and bound HA were
precipitated at pH 1 with 6 M HCl, separated by centrifugation, dialyzed against ultrapure
water (until Cl- free), frozen and then freeze-dried.
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The freeze-dried samples were then analyzed at the host institution. EDC was measured
at the home institution using the method proposed by Re et al. (1999).

2.

Overview of activities

To attain the proposed objectives, two EPR spectrometers (Bruker EMX and Varian E109) were used. In addition, 13C NMR and LIFS analysis were also performed.

2.1 Quantification and characterization of free radicals
About 40 mg of freeze-dried sample (equivalent to 10 mm in height) were placed in a
3.5 mm quartz tubes. Each sample was analyzed at room temperature in duplicate and
the results are reported in n° spins g-C-1 ± standard deviation (n° spins normalized for
the C content of the sample). Other instrumental parameters were: center field 3410 G,
sweep width 160 G, sweep time 60 s, microwave power 0.2 mW, modulation amplitude
1 G, receiver gain 104. The number of scans varied from 1 to 9 in function of the signal
to noise ratio of each sample. The microwave power of 0.2 mW was chosen after
performing the power saturation curve. Quantification of radicals was performed by the
secondary standard method, using a Cr(III)MgO (g = 1.9797) as paramagnetic marker
(permanently placed in the resonance cavity) calibrated with strong pitch reference
(Bruker) of known free radical content.
Each spectrum reports the signal of the organic radicals present in the sample and that
of the secondary standard. To calculate areas, linewidth and g-factor the spectra were
simulated using a double Lorentzian fit.

2.1.1 Determination of microwave power
The suitable microwave power of 0.2 mW was chosen after performing the power
saturation curve on a representative sample of the entire set. EPR spectra were
recorded at different microwave powers, from 0.0002 to 200 mW is the plot of signal
amplitude (the integrated area) as function of the square root of the microwave power
incident on the cavity. The selected power was chosen as the last point of the linear fit
of the curve, to be sure to acquire the spectrum at a microwave power level well below
that where significant saturation of the EPR spectrum occurs.
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2.1.2 Calibration of the secondary standard
Different experiments were performed to assess the conditions of the secondary
standard. To calibrate the area of the secondary standard a strong pitch reference
(Bruker, 3.66∙1015 spins cm-1) was used. Considering the ratio of the two areas, the
number of spins of the secondary standard is 4.3737∙10 15. This value was used to
calculate the number of spins of each sample. Moreover, the secondary standard was
used to correct the g-factor of the samples.

2.1.3 Evaluation of the presence of paramagnetic metals bonded to HA
To point out the presence of paramagnetic metals bonded with HA, the microwave
power was increased to 10 mW and the sweep width to 6000 G, with a modulation
amplitude of 10 G.
2.2 Kinetics of HS electron donation using the ABTS●+ radical cation
The radical cation ABTS∙+ was chemically generated at pH 4.8 (in 0.1 M citrate buffer)
and 7.0 (in 0.1 M phosphate buffer). Briefly, 38.4 mg of ABTS (7.0 mM) were dissolved
in 10 ml of buffer and 6.6 mg of potassium persulfate (K 2S2O8, 2.45 mM final
concentration) were added. The mixture was let in the dark for 16 h before use at room
temperature. Suwannee River Standard fulvic acids (SRFA) stock solutions (0.5 g L -1)
were prepared in both citrate and phosphate buffer.
The ABTS∙+ stock solution was diluted before measurement in order to obtain an optimal
concentration. Variable amounts of an SRFA stock solution (0.5 g L -1) were then
vigorously mixed with 300 µL of the diluted ABTS ·+ solution in an Eppendorf tube and
150 µL of the mixture were transferred to the EPR flat cell, which was collocated in the
resonance cavity. Measurements started precisely 1 min after mixing. At first, the course
of the reaction was followed in two ways: a) EPR spectra were recorded over time,
simulated using a Gaussian model and the calculated area was plotted against time. In
this way each point of the curve corresponded to one single spectrum. b) the reaction
was followed continuously fixing the magnetic field to the positive maximum of the
ABTS∙+ and measuring the relative intensity during the course of the reaction. Fig. 1
shows that the two methods yielded similar results. For this reason, method b) was
applied to all other cases. The relative concentration of ABTS ∙+ (crel) at a precise mixing
time was calculated as:
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𝐼
𝑐𝑟𝑒𝑙 = [ ]
𝐼0 𝑡
where I is the signal intensity after adding SRFA and I0 is the reference sample (only
ABTS∙+). Prior to each analysis with HS, a properly diluted ABTS ∙+ sample was run to
calculate I0, verify the stability of the radical and remove dilution effects.

Fig. 1 Course of the reaction between ABTS·+ and SRFA followed by double integration
of the EPR signal area (insert) at different reaction times (X symbols) and continuously
measurement of the intensity at the positive peak (3386 G in this case) over the time
(black curve). The intensities are expressed as relative concentration (crel) respect to the
signal of the ABTS·+ prior the addition of SRFA.
2.3 13C NMR
The CPMAS

13C

NMR spectra of HA were obtained with an Advance III HD (Bruker)

spectrometer operating at 400 MHz. Other instrumental parameters were: contact time
1 ms, delay time 1s, spinning speed of 10 KHz and 8192 scans for each sample.

2.4 LIFS
Laser induced fluorescence spectroscopy (LIFS) was performed directly on the soil
pellets samples. To obtain soil pellets an amount of 500 mg of each laboratory sample
was submitted to 8 tons of pressure. Two pellets were made for each sample.
Instrumental parameters were: excitation wavelength of 405 nm, emission range 450850 nm, 3 scans, integration time of 400 ms.
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3.

Preliminary results

3.1 Quantification and characterization of free radicals
Free radical concentration was higher in AM saltmarsh, which is nearer to the mainland
and receive more terrestrial inputs. Considering the same sampling point, bound HA
showed a higher content of free radicals compared to free HA. The analysis of NMR
spectra will probably clarify the link between the different molecular structure and the
radical content.
The EDC of HA showed a liner correlation with spin concentration (Fig. 1): this indicates
that free radical are directly involved in redox reactions of HA.

Fig. 2. Linear correlation between electron donating capacity (EDC) at the semiquinone
type free radicals concentration (SRF) of free (empty circles) and bound (black circles)
HA.
3.2 Kinetics of HS electron donation using the ABTS●+ radical cation
Fig. 3a shows the decrease of the relative ABTS∙+ concentration at pH 4.8 after the
addition of SRFA at three different concentrations (0.06, 0.12 and 0.18 g L -1). The EPR
signal of ABTS∙+ rapidly decrease within a short time period and then the reaction
between the radical and SRFA continued more slowly, without reaching a stable
endpoint. The same trend was found also for the other tested HS, in both acid and
neutral pH solution. Experimental data can be explained using a double exponential
model:
𝑐𝑟𝑒𝑙 (𝐴𝐵𝑇𝑆 ∙+ ) = 𝐴1 𝑒
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where t1 and t2 are the reaction time for the fast and slow step.
The reaction between ABTS·+ and SRFA is also pH depending. Under the same
experimental conditions (same ABTS·+/SRFA initial ratio), the radical cation is more
intensely reduced at pH 7 compared to pH 4.8.
This study demonstrated that different mechanisms are involved during the reduction of
the mediator ABTS operated by humic substances. Some hypothesis can be made: i)
the EDC of humic substances depends on the accessibility of reducing sites that can
donate electrons; ii) there are mechanism that involve both the transfer of e - and H+ with
different kinetics, iii) some secondary reactions can be established and kinetics of
various order can overlap.

Fig. 3. Relative concentration (crel) of ABTS·+ after the addition of SRFA at: a. different
final concentrations (0.06, 0.12 and 0.18 g L-1) and b. different pH (4.8 and 7.0). The
black point indicates the crel at t0.

5. Projected publications resulting from the grant (in preparation for submission to
SCI journal)

C. Bravo, R. Toniolo, C. Millo, M. Contin, L. Martin-Neto. M. De Nobili. Electron donating
properties of humic acids in saltmarsh soils.
C. Bravo, R. Toniolo, M. Contin, L. Martin-Neto, O. R. Nascimento, M. De Nobili.
Electron donating capacity of humic substances in relation to fast electron shuttling
at environmentally meaningful pH values.
C. Bravo, C. Millo, S. Covelli, L. Martin-Neto, M. De Nobili. Humic acids as tracer of
metal contamination in two estuarine systems.
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C. Bravo, R. Toniolo, M. Contin, L Martin-Neto, O.R. Nascimento and Maria De Nobili.
Evidence of fast and slow electron shuttling mechanisms of humic substances.
(Abstract submitted to IHSS 2020)
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Interaction of organic matter, extracted from sediments of Barra Bonita reservoir
in Brazil, with trace metals: Risk assessment and protection of aquatic life
by
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Training time:

October 1st 2019 - December 31st, 2019

1.

Aims of the project

Effluents from industrial, agricultural, and domestic sewage are the main sources of
contamination of water bodies. Contaminants can be absorbed by suspended materials
and then accumulated in sediments. The increase in the flow of rivers and/or

INTERNATIONAL HUMIC SUBSTANCES SOCIETY

41

anthropogenic activities can cause the remobilization of sediments and the transfer of
contaminants to water [1]. Among pollutants, potentially toxic metals present in
sediments are considered a major threat to aquatic organisms because they are not
biodegradable and can be easily propagated, concentrated in the food chain.[2]
The sediments are complex and heterogeneous environments, thus, besides
determining the concentration of potentially toxic metals present in the sediments, it is
necessary to understand the sediment's ability to accumulate or release contaminants,
because many biogeochemical processes are involved, influencing the fate of these
metals, one of them is the complexation by organic matter [3].
Therefore, it is important to characterize the SedOM and to understand how it acts in
the retention and remobilization of metals. As a result, it will be possible to evaluate
whether SedOM of the sediments is a danger or protection against contaminants.
In this context, EEM fluorescence is a very attractive technique to characterize SedOM
and SOM based on its optical properties. While the FQ can be used to evaluate metal
complexation sites in the SedOM and SOM.

The main objective of the project was to evaluate and understand the interactions of
SedOM and SOM with the trace metals and to investigate its composition in the
sediments of the Tietê and Piracicaba rivers, in their input compartments in the Barra
Bonita-SP reservoir in Brazil.

2.

Materials and methods

Sediment samples were collected along the main tributaries of the Barra Bonita
reservoir, being three points on the Tietê river, three points on the Piracicaba river and
one point on the confluence region.[4] The sediment samples were collected in depth,
the cores were fractionated into 69 sub-samples. To complement the studies, surface
soil samples were collected on the right and left bank of the Piracicaba river, on the right
and left bank of the confluence region, and on the left bank Tietê river.
The sub-samples were freeze-dried, ground using mortar grinder, and sieved through a
100-mesh sieve. To determine total carbon in the sediment and soil samples was used
the dry combustion method, and the equipment used was elementary analyzer (Flash
2000, Thermo Fisher Scientific). For this, approximately 20 mg of the homogenized
samples were accurately weighed directly in the tin capsules to accelerate the
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combustion process. The standard used in the analysis was aspartic acid, and the
method was validated using soil certified reference material (CRM).
Two methods to extract SedOM and SOM were conducted in this work: extraction with
NaOH and extraction with deionized water. Approximately 1.0 g of each sediment subsamples and soil samples was placed in polypropylene flasks with 45.0 mL of 0.1 mol
L-1 NaOH or 45.0 mL of deionized water, and then shaken for 24 h in an overhead shaker
at 10 rpm. Then the samples were centrifuged at 10,000 rpm for 10 min and filtered over
a 0.45 μm syringe filters.
To define the dilution factor of the samples, so that they all had absorbance equal to 0.1
at a wavelength of 254 nm, absorbance measurements were made using the UV-Visible
spectrophotometer (UV 1800, Shimadzu). The evaluated wavelength range was 200 to
700 nm, with 0.1 nm resolution.
For the study the EEM fluorescence, 1.0 mL of each diluted sample was placed in quartz
cuvettes with 1.0 mL of 0.3 mol L-1 HEPES for pH regulation and 1.5 mL of 0.1 mol L-1
NaClO4 for ionic strength.
To evaluate the interaction of the SedOM and SOM, extracted with NaOH, with the Cu
(II) ions was added in 15 quartz cuvettes: 1.0 mL of the diluted sample, 1.0 mL of 0.3
mol L-1 HEPES, 0,2 mL of HClO4, increasing concentrations in logarithmic mode of
Cu(ClO4)2, and NaClO4 to complete the final volume of 3.5 mL. This procedure was
performed for the 74 samples.
All measured spectra were obtained with a fluorescence spectrophotometer (F4500,
Hitachi). The spectra were acquired in scan speed of 2,400 nm min-1 from 250 to 700
nm in emission and from 200 to 500 nm in excitation. The steps and slits of emission
and excitation were fixed at 5 nm, and the detector voltage was 700 V. All data were
processed using the PROGMEEF software in Matlab language [5].
To calculate the extraction yield using NaOH, total organic carbon in the sediment and
soil samples was determined for elementary analyzer of total organic carbon (TOC-V
Shimadzu). For this, samples of SedOM and SOM extracted with NaOH and diluted
were placed in glass flasks with deionized water, and at the time of analysis they were
acidified.
To confirm that all the carbon present in the samples was organic carbon, approximately
2 g of eight sediment samples and two soil sample was placed in Teflon boat, and taken
to the muffle furnace at 450° C for 4 hours.
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3.

Preliminary results and discussion

The dark color observed in the extract with NaOH is due to the formation of molecular
aggregates of organic molecules at high concentration in the basic pH aqueous solution.
The absorbance spectra have the same behavior in the spectral region between 200
and 700 nm for all collect points of both rivers and for all sub-samples of the collected
sediments. Figures 1a and 1b give examples of absorbance spectra on a log-log scale
of two collect points in the Piracicaba and Tietê rivers for sub-samples at the top in
contact with water (circular points) and for that at the base of the extracted sediment
core (square points). The first characteristic of these spectra is the predominance of
Rayleigh light scattering (λ-4) that overcomes the absorption of molecular electronic
states of the extracted OM. All the Piracicaba river spectra can be well fitted (Figure 1a)
across the entire spectral region by superimposing the strong Rayleigh scattering (black
dashed line) with two types of optical transitions related with different molecular
electronic states. The electronic states E1 (green dashed line) that are described by a
narrow Gaussian curve at about 305 nm involving small aromatic molecular structures
and another wide Gaussian curve E2 (orange dashed line) that are related to states
perturbed by molecular interactions present in molecular aggregates of organic matter
and that extend above 500 nm. This broad aggregate band is responsible for driving the
excited state to lower energy states where strong emission above 500 nm is observed
(see below). The continuous blue curve is the superposition of E1 and E2 and gives the
total density of molecular states of the OM. The Rayleigh scattering with λ-4 behavior
characterizes scattering molecular centers smaller than 70 nm and can give an
indication of the size of these molecular aggregates in alkaline solution. The same
spectral characteristics are found in the samples of the Tietê River, but with the inclusion
of the absorption of chlorophyll molecules represented by the Soret bands at around
405 nm (S-band in violet color) and by one of the most intense Q bands at 660 nm (in
pink color). The variations in the absorbance intensity with the depth of the sediment are
due to the different concentrations of the extracted sediments and that do not alter the
shape of the different scattering and electronic states components involved in all studied
sediments. With absorbance measurements it was possible to define the dilution factor
of all samples, extraction with NaOH and H2O, so that they had absorbance equal to 0.1
at the wavelength of 254 nm, in order to avoid the inner filter effect.[6]
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(b) Tietê river
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Figure 1. Absorbance spectra on a log-log scale of two collection points in the
Piracicaba (a) and Tietê (b) rivers for subsamples at the top in contact with water
(circular points) and for that at the base of the extracted sediment core (square points).
The samples of SedOM and SOM extracted by NaOH and H2O were analyzed by EEM
fluorescence. According to 3D spectrum, the extracted SedOM has a similar
fluorescence emission intensity for all samples. To illustrate this result, the Figure 2
shows four 3D spectra for the samples collected at the top and bottom at two points,
one in the Piracicaba river and the other in the Tietê river. Although the two rivers pass
through large urban centers and agricultural areas, the Tietê river is more polluted
because it receives a greater load of untreated sewage [7].
These 3D spectra were treated with PARAFAC using four components, but one of the
components was noise and it was excluded. Although fluorescent SedOM is similar,
there are small variations in the fluorescent properties of OM, that is, each fluorophore
has a contribution value in each sample.

Figure 2. 3D spectrum obtained in EEM
fluorescence

for

Piracicaba

river

sediment sample: top (a) and bottom (b),
and Tiete river sediment sample: top (c)
and bottom (d).
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Complexation study of SedOM with Cu (II) increase concentration using FQ was done
for all samples, and the 3D spectrum obtained in EEM fluorescence showed, in all cases,
the there was a suppression of fluorescence. Therefore, SedOM is partly responsible
for the stability of metals present in river sediments.
To investigate the SedOM and Cu (II) ions interactions, the complexation was modeled
with two ligands and 1 metal (model 2:1). And the site concentration of component 1
(C1) and component 2 (C2) was obtained by optimizing the equations in relation to the
contribution of each component during the experiment.
The variation in the complexation capacity, which is the sum of the complexation
capacity for C1 and C2 divided by total carbon, along the profile is constant. But on
average, the complexation capacity of SedOM extracted from the Piracicaba river
(average/value) is greater than in the Tietê river (average/value). The stability constants
vary from 3,5 to 4,3 and from 3,6 to 4,5 for K1 and K2, respectively. For Cu (II) for C1
and C2, K1 and K2, respectively, vary along inside each sample profile but do not have
a tendency to separate the SedOM extracted from each river or profile.
Using the total organic carbon values determined by elementary analyzer of total organic
carbon, and the total carbon values determined by elementary analyzer, the extraction
yield was calculated using NaOH which was approximately 40%. According to the muffle
method, all carbon present in the sample is organic. Therefore, the extraction yield is in
relation to the organic carbon present in the samples.

4.

Conclusion and perspective

The characterization of SedOM using EEM fluorescence have shown they are globally
similar concerning on fluorescence properties. According to FQ analyzes, the SedOM
interacts with metals in a very similar way, regardless of the river and profile. However,
the average of SedOM complexation capacity from the Piracicaba river is twice greater
than in the Tietê river.

5.

Scientific publications

The data obtained in the development of this work were submitted to two conference
annals, EGU General Assembly 2020, and 20th IHSS conference for the travel grant
(Travel

Support

Award).

At
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presentation.Currently, the student is also writing one articles to be submitted for
publication in a scientific journal.
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Urea intercalated biochar fertilizer: nitrogen release rate in soil, agronomic
efficiency and its effect on humified organic matter
by
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1.

August 4th, 2019 - November 2nd, 2019

Aim and objectives of the IHSS Training Award Grant

Nitrogen (N) is one of the essential nutrients required in large quantity by plants
(Walworth, 2013). In the tropics, Nitrogen is the most deficient plant nutrient which limits
the output of crop production. Studies by Manikandan and Subramanian (2013) have
shown that 65% of the total N applied in agricultural production as fertilizer is lost via
runoff, gaseous emissions, erosion and leaching which can result in the pollution of
groundwater and eutrophication. Most of the methods used to ensure high N-use
efficiency in the soil have not totally succeeded in controlling the amount of N loss;
therefore, there is the need to develop a sustainable and efficient practice which can
help to slow down the release of N from urea.
Therefore, the specific objectives of the grant were
a. to investigate the influence and efficiency of urea-intercalated-biochar fertilizers
on soil and N-release;
b. to quantify the impact of the addition of urea-intercalated biochar on the
composition of humified SOM by means of elemental and spectroscopic
analyses;
c. to investigate the impact of urea-intercalated biochar on the humic substance
fractions distribution.

2.

Materials and methods

In order to attain the proposed objectives, the experiments were categorized into three
studies.

2.1.

Preparation

of

Urea

Intercalated

Biochar

(ICB)

and

Characterization
The Biochar (BC) employed for the synthesis of ICB was produced at
400ºC from the aerial part of water hyacinth (Eichornia crassipes) at the
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Federal University of Sergipe - Aracaju / Brazil, in a previous study (Botezzini, 2019,
n.p.). Biochar was previously ground in an agate gral. Urea solution was prepared from
a commercial sample by adding deionised H2O at 1:1 w/v (10g:10 ml) ratio and the slurry
was heated on a hot plate at 1050C with constant stirring till the crystals turned into
solution. 10 g of biochar was mixed thoroughly with the urea solution. The mixture was
dried in a hot air oven at 650C till the moisture is completely exhausted. One gram of
adhesive polymer (starch) was added to the mixture and the product air dried inside the
desiccator for 3 days (Manikandan and Subramanian, 2013). Thereafter, ICB was
powdered and used as fertilizer. The resultant ICB product and BC were analysed by
13C

Nuclear Magnetic Resonance (13C NMR CP/MAS) spectroscopy with an Agilent

Technologies, model DD2, 500 MHz, using zirconium rotors of 4 mm OD with KEL-Fcaps. The cross polarization magic angle spinning (CP/MAS) technique was applied
during magic-angle spinning of the rotor at 10 KHz. A ramped 1H pulse was applied
during the 1 ms contact time to circumvent Hartmann-Hahn mismatches. A 90° 1H-pulse
width of 2.9 μs and 13C of 2.79 μs was used for all spectra. The 13C chemical shifts were
calibrated relative to tetramethylsilane (0 ppm) with glycine (COOH at 176.04 ppm). The
spectra were quantified by integration of the following chemical shift regions by (Knicker,
2011) using Mestrenova 12.0®: alkyl C (0–45 ppm); N-alkyl/methoxyl C (45–60 ppm);
O-alkyl C (60–110 ppm); aromatic C (110–160 ppm); carbonyl/amide C (160–250 ppm).
C and N content were determined by elemental analysis (Perkin Elmer).

2.2. Assessment of N-fate and dynamics in soil after application of ICB and BC
Short-term incubation study was conducted at lab K-104, Institute of Chemistry, Campus
Do Vale, UFRGS. Soil samples (200 g), collected from an Ultisol under native vegetation
(0-20 cm) were weighed into plastic cups and the following treatments (three replicates)
were implemented; T1 - control (soil without amendment), T2 - ICB at 75 kg N ha-1, T3
- ICB at 145 kg N ha-1, T4 - ICB at 290 kg N ha-1, T5 - urea at 75 kg N ha-1, T6 - urea at
145 kg N ha-1, T7 - urea at 290 kg N ha-1, T8 - BC at 75 kg N ha-1, T9 - BC at 145 kg N
ha-1 and T10 - BC at 290 kg N ha-1. Extractable NH4+ and NO3- were determined in soil
samples at 1st, 3rd, 7th, 14th, 21st and 28th day after incubation (DAI) by the Kjehldal
method. To 5 g of wet soil sample, weighed in 90 ml snap-cap, 50 ml of 1 M KCl were
added and the suspension was mechanically shaken for 30 minutes. The extractant was
overnight decanted and thereafter 20 ml were transferred into a specific bottle for
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distillation. 5ml of boric acid were used as indicator solution with 0.2 g of MgO and 0.2
g of Devarda alloy were used as catalysts. About 35 to 40 ml of the distilled solution
were collected into an Erlenmeyer flask for both determinations. Both solutions were
titrated with 0.0025 M H2SO4. The concentration of mineral N was calculated according
to equation 1.
N mineral (mg/kg) = (ml H+ am - ml H+ br) x 70 x 2.5 ……….. Eq 1.
5g

2.3. Impact of ICB and BC on the humified SOM composition and humic
substances distribution.
In order to investigate the impact of all the treatments on the humified SOM composition,
soil samples were collected at 28 DAI after incubation to determine chemical
fractionation of SOM and quantified according to Dick et al. (1998). Two grams of wet
soil was shaken with 30 ml of 0.5M HCl for 2 hours. The acid extract was separated by
centrifugation. The procedure was repeated three times and the final extraction volume
was measured. Hereafter, the remaining soil was shaken with 60 ml of 0.5 M NaOH for
2 hours to extract the soluble humic substances (SHS), namely humic acids (HA) and
fulvic acids (FA). The same procedure was repeated until the supernatant became
colourless and final SHS volume was measured. Aliquots (5 ml) of the acid and of the
SHS extracts were collected for further C determination. The pH of the remaining
suspension was lowered to 2 with 4 M HCl and it was allowed to settle overnight. The
precipitated HA was separated from the supernatant soluble FA by centrifugation. FA
extract volume was measured and an aliquot (5 ml) was collected for C determination.
The concentration of HA fraction (CHA) was determined as follows (equation 2):
CHA = CHSH – CFA

Eq 2.

The humification degree were comparatively assessed by the HA/FA ratio.

3.

Preliminary Results and Discussion

3.1 Biochar and Intercalated biochar elemental composition
The elemental composition of BC and ICB are presented in Table 1. BC sample
contained 40.31 % C, 2.71 % N and 3.34% H hydrogen whereas ICB contained 28.78
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% carbon, 22.04 % N and 4.83 % of hydrogen. The C/N ratio of BC (14.5) is low for
pyrogenic materials as reported in the literature and this is probably due to the
composition of the biomass that is rich in N compounds and to the low pyrolysis
temperature. Total N in ICB is greater than that in BC (Table 1) as expected, indicating
that the incorporation of urea was successful. As a consequence, C content relatively
decreased and the C/N ratio was 1.31.
Table 1: Elemental composition of Biochar (B) and Intercalated biochar (ICB)
Samples

C (%)

N (%)

C/N

H (%)

BC

40.31

2.71

14.87

3.34

ICB

28.78

22.04

1.31

4.83

3.2 Mineral forms of N along 7 weeks in the incubation experiment
3.2.1. Effect of BC, urea and ICB on contents of N-NH4+, N-NO3- and pH in the soil.
Concentration of extractable N-NH4+ significantly increased by addition of BC, urea and
ICB at the initial stage of incubation rather than the later stage (Table 2). No difference
(P > 0.05) was observed between BC and control over time, except at the 28 DAI, when
the concentrations under BC treatments were greater than in control (P < 0.001). The
higher release of N-NH4+ only at this date can be related to the formation of a less
accessible form of N due to pyrolysis process that becomes available after 28 days. The
highest dose of Urea (290 kg ha-1) released greater N-NH4+ amounts than the control
since the 3DAI, and this result was maintained until the 28DAI. At 28DAI the N-NH4+
concentration observed at U145 was greater than in the control and smaller than in
U290. Concerning ICB treatments, greater N-NH4+ concentrations than in the control
were obtained under ICB145 and ICB290 at 28 DAI indicating a slow release of this N
form within 28 days, as it was already observed with BC. At the end of incubation,
extractable N-NH4+ concentrations under ICB145, ICB290, U145, BC75 and BC145
were greater than control and smaller than those verified under BC290 and U290 (Table
2). These results indicate that both ICB as BC are potential N-fertilizers.
No evidence of extractable N-NO3- was detected until 14 DAI in all treatments (Table 2).
Between 14 DAI and 28 DAI all BC treatments showed greater N-NO3- values than the
control that were also equivalent to those of treatments U145 and U290 until the 21DAI.
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The greatest N-NO3- concentration at 28DAI was verified under U290. Concentration of
N-NO3- under ICB treatments only differed from these of the control at 28 DAI. However,
the values under ICB were smaller than those observed for BC and U treatments.

Table 2: Effect of the treatments with time on extractable Ammonium and Nitrate and soil pH.
Ammonium (NH4+)
TRT

CON

ICB75

ICB145

ICB290

3

7

14

21

28

U145

U290

BC75

BC145

BC290

NH4+ (mg/kg)

DAY
1

U75

37.57

33.79

30.79

33.26

32.84

33.37

35.69

29.62

29.35

31.99

aA

aA

aA

aAB

aA

aBC

aA

aA

aB

aB

17.02

24.33

18.77

28.30

28.49

51.36

74.07

12.98

13.11

14.21

bcB

bcB

bcB

bcAB

bcAB

abA

aA

cBC

cCD

cD

11.04

18.14

18.06

20.31

13.04

9.00

48.33

4.97

5.47

5.34

bB

bC

bB

bB

bC

bD

aA

bD

bD

bE

15.75

17.12

17.94

24.29

18.80

24.29

59.78

11.29

14.49

16.40

bB

bC

bB

bB

bBC

bCD

aA

bCD

bCD

bCD

12.14

11.35

10.90

21.57

9.83

16.58

84.65

20.37

22.13

20.31

bB

bD

bC

bB

bC

bCD

aA

bB

bBC

bC

15.75

21.45

32.06

42.32

19.25

41.05

82.32

32.85

41.65

61.68

eB

deBC

cdA

cA

eBC

cAB

aA

cdA

cA

bA

Nitrate (NO3-)
1

nd

nd

nd

nd

nd

nd

nd

Nd

nd

nd

3

nd

nd

nd

nd

nd

nd

nd

Nd

nd

nd

7

nd

nd

nd

nd

nd

nd

nd

Nd

nd

nd

14

7.66

7.48

8.95

11.19

9.19

10.08

19.11

15.28

17.55

19.47

cA

cA

cA

bcA

cB

cB

aB

abA

aC

aC

5.45

8.37

8.11

13.55

4.93

13.52

22.64

20.60

24.21

27.79

dA

cdA

cdA

bcA

dBC

bcB

aB

abA

aB

aB

5.78

8.89

10.59

13.07

23.14

33.36

50.93

25.28

30.06

36.20

gA

fA

fA

fA

eA

bcA

aA

deA

cdA

bA

5.38

5.32

5.38

5.54

5.67

5.77

5.99

5.20

5.10

5.12

bcd

bcd

bcd

abcd

abc

ab

a

cd

d

d

21

28

pH
28

Mean values with the same small and capital letters in a row and column, respectively are not
significantly different at probability level of 0.05. nd meant not detected. CON = Control; ICB 75,
ICB 145 and ICB 290 = intercalated biochar at rates (75, 145 and 290 kg N/ha, respectively;
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U75, U145 and U290 = urea at rates 75, 145 and 290 kg N/ha, respectively; BC75, BC145 and
BC290 = Biochar only at rates 75, 145 and 290 kg N/ha, respectively.

Application of ICB and BC to the soil did not affect the soil pH during the incubation
period. Urea fertilizer applied at 290 kg ha-1 significantly increased the soil pH (p < 0.001)
at 28 DAI compared to Control and ICB.
3.3 Chemical composition of BC and ICB assessed by 13C NMR/CPMAS.
Distribution of the main chemical C groups identified in the 13C-NMR spectra of BC and
ICB are given in Table 3.
Table 3: Distribution of the chemical C groups identified by 13C NMR CP/MAS of BC and ICB
ppm 0-50

50-65

65-95

alkyl C

N/O-alkyl C

BC

27.8

ICB

22.2

95-120

120-150

150-170

170-200 200-230

O alkyl C anomeric C aromatic C

phenol C

OC(OH)

CO

3.9

6.9

2.8

48.3

6.1

3.3

0.8

11.8

22.6

7.1

22.6

8

2

3.8

BC showed a predominance of aromatic groups, followed by alkyl C and O-akyl C as
expected for low temperature biochar (Cheng et al., 2006; Brewer et al., 2011). ICB
showed a greater proportion of N/O alkyl C and carbonyl C due to the addition of urea
and also a greater proportion of O-alkyl C and anomeric C due to the addition of starch.
Consequently, in ICB the relative proportion of aromatic decreased in comparison to BC.

3.4. Distribution of C-HCL, C-SH and C-HU fractions
Figure 1 illustrates the relative distribution of humic fractions in all treatments. The
proportion of the analysed fractions varied: from 3.17 % (U0290) to 7.48 % (U75) for CHCl; from 26.90 % (ICB 290) to 47.88 % (U75) for C-SH; from 44.64 % (U75) to 67 %
(ICB290) for C-HU.
With increasing BC and ICB doses there was a decrease of C-HCL fraction, while for
Urea the opposite behavior was observed. This fraction is usually related to hydrophilic
microbial products, and our results suggest that ICB and BC adsorb this small
molecules, while Urea tends to stimulate microbial activity within the evaluated period.
The other humic fractions (C-SH and C-HU) did not show any coherent variation for a
given treatment and within the doses range.
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B290
B145
B75
U290
U145
U75
ICB290
ICB145
ICB75
CON

7.41
6.64
3.63
3.17
4.53
7.48
5.97
6.64
3.57
7.03

0.00

35.53
28.57
37.65
32.63
34.02

57.06
64.79
58.72
64.20
61.45
47.88

44.64

26.90
35.22
29.51
37.17
10.00

20.00

67.13
58.14
66.92
55.80

30.00

40.00

50.00

60.00

C-HCL %

C-SH %

C-HU %

70.00

80.00

90.00

100.00

Figure 2: Distribution of C-HCL, C-SH and C-HU fraction on each treatment.

Table 4: Plant height and number of leaves of ryegrass in different treatments at 3 sampling
times. Mean values with the same small and capital letters in a row and column, respectively
are not significantly different at probability level of 0.05. CON = Control; ICB 75, ICB 145 and
ICB 290 = intercalated biochar at rates 75, 145 and 290 kg N/ha, respectively; U75, U145 and
U290 = urea at rates 75, 145 and 290 kg N/ha, respectively; B75, B145 and B290 = Biochar
only at rates 75, 145 and 290 kg N/ha, respectively. B= Biochar, PH=Plant height, NL=Number
of leaves, WAP= Week after planting
Treatment

Rate

2WAP (cm)
PH

4WAP (cm)

NL

PH

NL

6WAP (cm)
PH

NL

C

0

7.47 aB

1.17 aB

9.23 aA

2.83 aA

9.15 aA

3.50 aA

ICB

75

7.55 aB

1.00 aB

8.93 aA

3.17 aA

8.78 aA

4.00 aA

145

7.35 aA

1.00 aA

10.63 aA

4.00 aA

10.70 aA

5.33 aA

290

6.07 aB

1.00 aB

9.65 aA

3.33 aA

9.72 aA

4.33 aA

75

8.90 aB

1.00 aB

10.17 aA

3.00 aA

9.90 aA

3.83 aA

145

7.27 aB

1.00 aB

8.67 aA

3.00 aA

8.08 aA

3.83 aA

290

7.02 aA

1.00 aB

8.22 aA

3.17 aA

8.03 aA

3.83 aA

75

7.13 aB

1.00 aB

8.87 aA

2.83 aAB

8.98 aA

5.17 aA

145

6.65 aA

1.00 aA

10.80 aA

3.17 aA

10.17 aA

6.67 aA

290

7.53 aA

1.00 aB

12.67 aA

3.17 aAB

10.88 aA

5.33 aA

U

BC
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3.5 Effect of biochar, urea and ICB on growth parameters of Lolium perenne L.
The agronomic effect of ICB and B, assessed by a bio-essay conducted with Ryegrass
in green-house, was not evidenced in any evaluated period (2, 4 and 6 weeks after
planting, WAP) (Table 4).

4.

Preliminary conclusions

Results generated at the end of incubation study indicates that the soil nitrogen
mineralization dynamics was affected differently by each treatment (Table 2). Addition
of BC and ICB at the recommended doses (145 kg ha -1) promoted an equivalent
concentration of NH4+-N promoted by urea at 28 DAI, indicating that both materials could
be used as a substitute for urea. Concerning NO 3--N concentration, treatment with BC
at the recommended doses promoted equivalent or greater values than that of urea
since the 14 DAI until 28 DAI. ICB treatments only achieved this situation at the end of
incubation. Taking into account the cost for the production of ICB, it follows that BC
produced from water hyacinth at 400ºC is the most adequate substitute for urea as N
supplier within 28 days. None of the tested materials affected Ryegrass production
within 6 weeks.
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