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Preface

The present book is a collection of 10 original research articles and reports, associated
with selected topics in agricultural chemistry. The discussed issues are organized in
four sections: Classification and labeling of active substances in plant protection
products, Environmental and stress plant physiology and behavior, Antimicrobial and
antioxidant potential of plant extracts, and Pollutants analysis and effects.

The first book section (Chapter 1) reports the results of the Workshop held in Berlin on
12-13 April 2011 on harmonized classification and labeling of active substances in
plant protection products under the Regulation (EC) No 1272/2008, and the discussion
of scientific and practical issues in the interpretation of carcinogenicity, mutagenicity,
and reproductive toxicity studies according to Regulations (EC) No 1107/2009 and
1272/2008.

The second book section (Chapters 2-6) addresses a large spectrum of subjects
including: grain yield of Argentinean maize hybrids, resource use efficiency and
hybrids tolerance to various stresses; ecophysiological studies and problems of
restoration and phytoremediation of native plants adapted to various extreme
environmental conditions in Qatar; ecophysiological behavior of Eucalyptus grandis x
Eucalyptus urophylla at the leaf level in association with environmental variables to
develop models predicting the ecophysiological responses; and abiotic stress factors,
effects, and tolerance in plants.

The third book section (Chapter 7) focuses on the antimicrobial and antioxidant
potential of plant extracts, namely this of the leaves of the mangrove plant Excoecaria
agallocha Linn. The strong oxidative DNA damage preventive activity and radical
scavenging activity of E. agallocha Linn is associated with its rich content of flavonoids.

The last book section (Chapters 8-10) is dedicated to the pollutants analysis and effects.
Chapter 8 demonstrates that high performance liquid chromatography coupled with
mass spectrometry and atmospheric interfaces could be successfully applied for the
quantification of triazole fungicides in fruits and vegetables. Chapter 9 describes the
effect of simulated rainfall on the control of Colorado Potato Beetle and Potato
Leafhopper with At-Plant applications of three mneonicotinoid insecticides:
imidacloprid, thiamethoxam, and dinotefuran on potatoes in laboratory and field
trials. Finally, Chapter 10 reports results on heavy metal content in bitter leaf herbs.
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Classification and Labeling of Active Substances
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Chapter 1

Report of the Workshop on Harmonized
Classification and Labelling (CLH) of Active
Substances in Plant Protection Products Held
in Berlin on 12 and 13 April 2011

Roland Solecki, Abdelkarim Abdellaue, Teresa Borges, Kaija Kallio-Mannila,
Herbert K&pp, Thierry Mercier, Vera Ritz, Gabriele Schéning and José Tarazona

Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55603

1. Introduction

For approval of active substances Regulation (EC) No 1107/2009 (here referred to as PPP
Regulation) provides in Annex II “Procedure and criteria for the approval of active
substances, safeners and synergists pursuant to Chapter II” that, amongst other things,
active substances, safeners and synergists (here referred to as active substances) cannot be
approved if they are classified or have to be classified for carcinogenicity, mutagenicity or
reproductive toxicity (CMR), category 1A or 1B hazard classes in accordance with the
Classification Labelling and Packaging (CLP) Regulation, unless exposure is negligible (for
Cand R, 1A or 1B). The PPP Regulation specifies in the approval procedures that the applicant
shall submit a dossier to the Rapporteur Member State (RMS), who shall assess the dossier and
present the results of that assessment in the draft assessment report (DAR). The RMS shall
submit its DAR to the Commission and the European Food Safety Authority (EFSA). EFSA is
required to make the DAR available within 30 days to the other Member States for a 60-day
commenting period. In parallel, the DAR is also made publicly available by EFSA. EFSA have
to adopt a conclusion within 120-150 days of the end of the commenting period on whether the
active substance can be expected to meet the approval criteria and send this to the Commission
and Member States. The Commission then has to present a review report and a draft
regulation (proposed decision) to the Standing Committee on the Food Chain and Animal
Health within 6 months of receipt of the conclusion.

For classification of active substances Regulation (EC) No 1272/2008 (here referred to as CLP
Regulation), requires that proposals for Harmonized Classification and Labelling (C&L) of

© 2013 Solecki et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
I NT EC H Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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active substances in PPP should be submitted to the European Chemicals Agency (ECHA).
The proposals follow an agreed procedure with an initial accordance check which is
followed by a public consultation process and subsequent consideration of the proposal by
the Committee for Risk Assessment (RAC). The legislation requires the RAC to adopt an
opinion on the proposal.

The comments received during public consultation may have an impact on the subsequent
steps of the process. In a dialogue between the dossier submitter, RAC rapporteurs and
ECHA secretariat the best way to proceed will be decided in cases where substantial
comments and/or new information are received during the public consultation. In certain
cases this may lead to the withdrawal of the dossier and the submission of a revised version
by the Member State or to another public consultation on a re-submitted dossier based on
the RAC opinion. In other cases the RAC may indicate that the submitted information is
insufficient and that it does not allow an opinion to be issued on the classification and
labelling.!

The legislation requires the RAC to adopt an opinion on the proposal within 18 months. The
opinion is forwarded by ECHA to the Commission for a final decision on the harmonized
classification and labelling of the substance to be taken via comitology.

While the underlying database supporting a specific substance’s assessment presented in
the DAR and CLH proposal can be assumed to be broadly similar, the nature (i.e., the level
of detail reported/presentation of study results) may differ as a result of the differing
guidance and objectives of the two processes. The judgments made in relation to a particular
piece of information may differ when considered under the hazard-based CLH process
compared with the risk-based authorization process. Therefore, the DAR for approval and
the CLH dossier for classification and labelling decisions may require different preparation
and presentation of the underlying data, and not all data will be equally relevant for both
decision-making procedures. To meet the regulatory objectives efficiently, both procedures
require dossier formats specifically tailored to the different regulatory processes. The PPP
Regulation requires a specific dossier structure and the CADDY electronic format system is
used, whereas under the CLP Regulation there is a legal requirement for use of IUCLID
(IUCLID 5 being the current version) which is a quite different electronic submission system
using structured files.

A close linkage between these two processes is therefore highly desirable, especially for new
active substances without existing, legally binding CLH in Annex VI of the CLP Regulation,
or for active substances already classified which have to be re-evaluated in the light of new
data that may necessitate revision of the existing classification and labelling.

The classification and labelling of active substances for human health endpoints is not only a
principal criterion for the approval of active substances, safeners and synergists, but also the
main basis for decisions on other regulatory categories and criteria established in the PPP
Regulation namely:

! ECHA conclusions CLH Workshop 16 February 2011, ECHA
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consideration as low-risk active substances;

identification as candidates for substitution;

decisions on the interim criteria for endocrine disrupting properties that may cause
adverse effects in humans;

decisions on the relevance of metabolites that can occur in groundwater;

decisions on toxicity with regard to defined persistence, bioaccumulation and toxicity
(PBT) properties;

setting risk mitigation measures for operators, workers, bystanders and residents in the
procedure of national authorization of PPPs.

Therefore, a finalized harmonized Cé&L for active substances is, in many cases, a
prerequisite for the harmonized authorization of PPP and mutual recognition according to
the PPP Regulation. Furthermore, a final classification and labelling of the active substance
is also essential for comparable decisions on approval of active substances in plant
protection products under the PPP Regulation and biocidal products under the new Biocidal
Products Regulation which will be published in 2012. Although the new Biocidal Products
Regulation was not the subject of the workshop, part of the workshop results could have a
positive impact on the classification procedure of biocides since the new Regulation will
include cut-off criteria comparable to the PPP Regulation.

2. Workshop results

The main objectives of the workshop were to discuss options on how the two processes can
most efficiently be aligned at the level of Member State authorities, EFSA and ECHA in the
plenary session and in two main breakout group topics:

i. streamlining and integration of the review procedures for active substances in PPP for
approval under the PPP Regulation and for classification and labelling under the CLP
Regulation.

ii. scientific and practical issues in the interpretation of carcinogenicity, mutagenicity and
reproductive toxicity studies and reporting regarding the criteria and practicalities in
preparation of dossiers under both legislative frameworks.

The workshop started with a plenary session with lectures to introduce the two regulatory
frameworks and provide technical information on the individual processes before entering
into detailed discussions in two breakout groups. The presentations given in this first
plenary session are available in Annex III of the workshop report which is published on the
European Commission website:

(http://ec.europa.eu/food/plant/protection/evaluation/docs/report_berlin_april2011_en.pdf).

3. Streamlining and integration of the review procedures

Before the workshop, EFSA and ECHA had already started an exchange of information in
order to identify practical solutions for processing proposals for CLH (especially for the
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CMR hazard classes) concerning active substances in PPP quickly and efficiently and, as far
as possible, within the same timeline as that of the risk assessment procedure. Based on a
discussion paper prepared in February 2010 by ECHA on the cooperation between ECHA
and EFSA in the assessment of hazard properties of active substances in PPP under the CLP
and PPP Regulations, and a discussion at the meeting in June 2010 of EFSA’s Network with
the Member State authorities in the area of pesticides, the Pesticide Steering Committee, the
following scope was proposed as a starting point for the discussion in breakout group 1:

Streamlining and integration of the review procedures for active substances in PPP for
approval under the PPP Regulation and for classification and labelling under the CLP
Regulation.

The main goals of breakout group 1 were

1. to inform the discussion on how the two processes could most efficiently be aligned
between Rapporteur Member States (RMS), EFSA and ECHA;

2. to consider the anticipated workloads stemming from the PPP active substance
programmes in relation to the capacity of the EFSA/ECHA process with a view to
ensuring that appropriate planning, management and prioritization procedures can be
established;

3. toraise awareness in Member States (i.e., Competent Authorities (CAs) responsible for
the evaluation of active substances in PPP and for their classification and labelling,
respectively) and to communicate the importance of the issue and possible solutions;

4. to provide feedback on a draft working document on processes “Cooperation between
CAs in Member States, ECHA and EFSA in the assessment of CMR properties of active
substances in PPP under Regulations (EC) No 1107/2009 and 1272/2008” (based on the
ECHA discussion paper from February 2011 regarding the preparation of the CLH
report and the cooperation of the dossier submitter with RAC).

3.1. How the two processes could be aligned

Based on discussions held during the workshop, the following practical solutions were
identified for new or existing active substances without existing legal C&L or for substances
with legal C&L which have to be re-evaluated in consideration of new data for C&L:

The Rapporteur Member State for the active substance should identify as early as
possible in the evaluation process for approval or renewal of approval (preferably at the
end of the completeness check) the need for an initiation of the CLH procedure under
the CLP Regulation and should make a notification of intention for the CLH procedure
to ECHA at an early stage. The notifier should be encouraged to indicate the
classification and labelling in the PPP dossier.

Specific issues, such as substance ID, for both approval under the PPP Regulation and
inclusion under Annex VI of the CLP Regulation, should be solved as soon as possible
by direct contact between the RMS and EFSA/ECHA.

The RMS for the active substance could prepare in parallel:
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the DAR for EFSA for developing conclusions on possible fulfilment of the
approval criteria to be sent to the Commission
a proposal for harmonized classification and labelling for ECHA in accordance
with the CLP Regulation, as well as ECHA’s guidance and format requirements for
developing a RAC opinion on classification and labelling
Ideally, the CLH report should be ready and submitted one month before the DAR
in order to allow time for the accordance check.
EFSA and ECHA should aim to conduct their public consultations at the same time
(EFSA for 60 days and ECHA for 45 days) to streamline the processes.
The time schedule in EFSA for adopting the conclusions on fulfilment of the approval
criteria is 120-150 days from the end of the commenting process, after which the
Commission has 6 months for preparing its review report and a draft regulation.
ECHA and EFSA will follow closely and potentially participate in the deliberations
during each other's review process. To avoid duplication of work, leading actors of both
processes will keep each other informed on the progress, identify critical issues as early
as possible and, if necessary, organize joint discussions in dedicated ad hoc groups
assembling capable experts for the issue under consideration from both processes.
RAC will start the consideration for agreement on the opinion as early as possible
Although RAC formally has 18 months for providing their opinion, the scheduled
procedure should allow the adoption of the opinion on adequate classification well
before expiry of the 6 month period in which the Commission develops its review
report and draft regulation after receiving EFSA’s conclusion on whether the active
substance is expected to fulfil the approval criteria in the PPP Regulation.

The above mentioned parallel, and partly joint, processing of the proposals — conclusion on
expected fulfilment of the approval criteria by EFSA and on harmonized classification and
labelling by ECHA — would assure that the RAC’s opinion on fulfilment of the classification
criteria (in particular for the CMR hazard classes) is delivered in time for the Commission to
develop its review report and draft regulation (i.e.,, within 6 months of receiving EFSA’s
conclusions).

3.2. Workloads from the PPP programmes in relation to the capacity of the ECHA

In order to ensure that any agreed aligned processes can deliver conclusions on harmonized
C&L in an efficient and timely manner there was also a need to consider:

the anticipated workloads stemming from the PPP active substance process and
the capacity of the ECHA process to deliver conclusions taking into account available
resources and other demands on those resources.

Proposals for harmonized classification of PPP active substances may be submitted from the
following EFSA work programmes:

new active substances: it is possible that a considerable number of new active
substance/ safener and synergist applications will be submitted each year;

7
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renewal programme for existing active substances: this programme will start in 2013
(R2) and continue with substance assessments being delivered in 2015 (R3), and each
year thereafter for the foreseeable future;

review of safeners and synergists: likely to be low numbers of assessments submitted to
EFSA from 2016 or beyond.

In addition, it is possible that limited numbers of requests may arise on an ad hoc basis as
part of the Commission obligations to establish, by 14 December 2013, a list of (approved)
substances that satisfy the criteria for candidates for substitution.

A proportion of the existing substances will already have harmonized classifications (i.e.,
mainly in the renewal programme for existing active substances). However, the use of
hazard classification, as part of the criteria for approval and in relation to other areas (e.g.,
candidates for substitution/interim endocrine disruption criteria), may result in the
generation of further studies to support updates/revision of existing proposals. The
demands from the existing substance ‘renewal’ programme and priorities could be
estimated at an early stage based on pre-submission information (updating statements).
Initial information on priority for CLH consideration for new active substances could be
gathered in the pre-submission process.

Therefore, consideration should be given to the establishment of agreed procedures for the
management and prioritization of PPP active substances entering the process together with
transparent procedures for monitoring their progress and the delivery of conclusions. The
need for linkages between the annual planning and resource management processes within
EFSA and ECHA should also be taken into account.

3.3. Raise awareness in Member States

The need for communication of the importance of a harmonized classification process in the
approval process for PPP active substances was emphasized in the workshop. It was noted
that it might be challenging to establish communication structures between the two
processes at the national level due to the number of and coordination among involved
governmental ministries and agencies.

However, the role of existing structures within the PPP assessment and decision-making
processes in communication and raising awareness should be considered.

In particular, the roles and responsibilities of the following in communicating/planning/
disseminating information should be considered, as well as the linkages between them:

the Pesticide Steering Committee;

the Standing Committee on the Food Chain and Animal Health;

the Committee for Risk Assessment (RAC);

the Competent Authorities for REACH and CLP (CARACAL, to advise the European
Commission and ECHA on questions related to REACH and CLP).
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There is a need to identify ways to facilitate continuous cooperation/scientific knowledge
exchange at the national level among experts from different concerned authorities.

A critical element for ensuring a proper coordination is a full understanding of the different
procedures according to the PPP and CLP Regulations and cooperation of the Member State
acting as rapporteur under the EFSA process and dossier submitter under the ECHA process.

The RAC procedures are based on the full involvement of the dossier submitter, which does
not end with the submission of the dossier. The dossier submitter is involved in the
assessment of the comments received during the public consultation and should facilitate
the RAC discussion by providing clarifications if needed.

CARACAL is composed of representatives from Member State competent authorities for
REACH and CLP, representatives from competent authorities of EEA-EFTA countries, as
well as a number of observers from non-EU countries, international organizations and
stakeholders. The EUROPEAN COMMISSION (DG Enterprise and Industry and DG
Environment) will prepare a proposal to adapt the CLH in Annex VI to the CLP Regulation
to technical progress every year based on the opinions received from ECHA's RAC for
harmonized classification and labelling.

ECHA is currently updating the process and cooperation between RAC and the MS as
dossier submitters based on the outcome of the workshop “On the Way to CLH” held in
February 2011.

The discussions at this workshop covered issues and procedural changes such as:

changes in the Registry of Intentions;

accordance check streamlining;

facilitation of communication between dossier submitters, ECHA and RAC;

dealing with comments received during public consultation;

withdrawal and resubmission procedures in the case of receipt of new crucial
information during public consultation or even at a later stage.

The Member State acting as rapporteur under the EFSA process and dossier submitter under
the ECHA process should be fully familiar with the RAC process. ECHA will provide
information if required. A full internal coordination among the MS experts and CAs is
particularly essential when there is more than one CA involved in the process.

3.4. Finalize a draft working document on processes

During the workshop the working procedures were discussed intensively. The outcomes of
the discussions are reported in the presentations as included in the report published on the
Commission website: http://ec.europa.eu/food/plant/protection/evaluation/docs/report_
berlin_april2011_en.pdf.

The workshop did not conclude on a draft working procedure, however, to keep up the
momentum, the workshop Organizing Committee took the initiative to develop a draft
working document on processes which will serve as a basis for the first projects in the
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parallel processing of dossiers and which has been presented to Member States’ competent
authorities.

4. Scientific and practical issues in the interpretation of studies and
reporting

Based on the criteria for the approval of active substances in PPP under the PPP Regulation
and the classification criteria regarding "Health hazards" under the CLP Regulation, the
following scope was proposed as a starting point for the discussion in breakout group 2:

scientific and practical issues in the assessment and interpretation of carcinogenicity,
mutagenicity and reproductive toxicity (CMR) studies, and requirements concerning
adequate preparation of dossiers (with respect to scientific content and formatting
according to the PPP Regulation and the CLP Regulation).

The main goals of breakout group 2 were:

1. to recommend solutions regarding formatting problems with documents/dossiers
(e.g., how to facilitate compilation of CLH dossiers by the Rapporteur Member Stat,
how to integrate additional relevant documents from the pesticide process in these
dossiers, possibility of profits for CLH dossiers based on experience with previous
pesticide assessments);

2. to discuss possibilities and practicalities for submission of IUCLID 5 dossiers in
addition to the dossiers for active substances under the PPP Regulation to facilitate the
preparation of dossiers for classification and labelling, as well as possible assistance for
approval;

3. to improve harmonized interpretation and reporting of carcinogenicity, mutagenicity
and reproductive toxicity studies, discuss scientific principles of interpretation of
relevant studies. This shall contribute to avoiding conflicting interpretations and
different reporting of the same studies under the two processes.

4.1. Recommended solutions regarding formatting problems

The workshop participants recognized that although in the current DARs the purpose of the
substance evaluation is mainly to derive a basis for risk assessment (i.e., deriving
NOAELs/LOAELSs and setting reference doses) this issue requires reconsideration due to the
new cut-off criteria settled in the PPP Regulation. The main intention of the CLH report is
hazard identification (i.e., assessment of the nature and severity of effects and the dose
response relationship to be compared with a defined set of criteria) including the specific
comparison of the available evidence with the CLP classification criteria.

Currently the structure of the DAR is under discussion and will be revised in the next few
years. A proposal for this revision was presented the break out group session.

For CMR substances, the DAR under the PPP Regulation would require a similar
assessment (hazard identification and comparison with the criteria) to that required for the
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CLP report, and therefore, the same document can cover both assessments. For other hazard
classes, the DAR should also be the basis for the CLH proposal, and therefore, it seems
logical to integrate this information as well.

The workshop participants considered that for a better common scientific understanding, it
is essential to implement the same structure in the reporting and formatting of the DAR and
CLH reports. In fact, the proposed solution is to incorporate the weight of evidence and
comparison with the CLP criteria to be included in the CLH report as one of the
chapters/documents/elements of the new DAR structure. Additional considerations are
needed for facilitating the description of the key studies results in a way that could cover the
needs for the DAR and for the CLH report. The structure of the CLH report is defined in the
legislation (reference to Chemical Safety Assessment and Report under REACH) and
described further in the CLP guidance, which allows the required flexibility to
accommodate the dossier's specific needs. It should be kept in mind that the CLH process
also applies to biocides and industrial chemicals, that some substances have several uses
and that the CLH structure must be similar for all types of chemicals. However, as the
structure and level of detail of the CLH report will be periodically updated based on RAC
experience when processing the CLH dossiers, the specific input gained during the
discussions of the new DAR format can be used in the periodic revisions of the CLH report
format. In addition, specific guidance for preparing the CLH report as the hazard
identification chapter of the DAR for PPP active substances is required.

As an outcome of the ECHA workshop “On the way to CLH”, RAC, with the support of the
ECHA secretariat, is currently revising the structure of its opinions and particularly of the
background document presenting the detailed justification of the RAC opinion. The
background document is based on the original CLH report. On the other hand, the PPP
experts are currently discussing possible improvements to the structure of the DAR and
dossier. It was considered that ECHA and EFSA should be in close contact during these
developments in order to ensure mutual feedback and coordination between both
processes.

To complement the proposal mentioned above, it was also recommended that when
drafting the DAR annexes related to the robust study summaries and the assessment
summaries which constitute the basis for the hazard identification and risk assessment, both
intentions should be kept in mind and addressed, allowing the use of the text related to the
hazard identification as the starting point for the CLH report and DAR hazard identification
chapter.

It was also mentioned that currently some DARs do not contain a proper presentation of the
evidence related to the hazard identification and its comparison with the CLP classification
criteria. It was highlighted that this is an essential part of the CLH report and should be
specifically considered. The current RAC experience might offer further suggestions for
reporting the weight of evidence and the comparison of data with the criteria, and some
examples were presented during the workshop.
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4.2. Practicalities for submission of pesticide dossiers in IUCLID format

The OECD Expert Group on the Electronic Exchange of Pesticide Data makes an effort to
support the harmonization of the international submission formats used for pesticide
registration (Caddy, elndex, ePRISM). This harmonized format is called GHSTS (Global
Harmonized Submission Transport Schema) and will be finalized in 2012. At present it is
not possible to submit a full document-based pesticide dossier from a company to the
authority using IUCLID 5, which is endpoint record-based. The answer should be found by
ECHA by evaluating the proposals collected in a public consultation.

The objective of this public consultation, organized in collaboration between OECD and
the ECHA, is to receive input and exchange ideas on the next generation of the IUCLID
software from stakeholders not represented at the OECD IUCLID User Group Expert
Panel.

After a few years of experience in using IUCLID 5 as a tool for collecting, storing and
exchanging information on chemicals in the OECD, and for national and regional
chemical review programmes, it is time to plan for the next generation of the IUCLID
software and to adapt it to fit the evolving needs of a growing user community.
Example developments could be the extension of IUCLID to specific information
relevant for pesticides or information on exposure and risks related to uses of
substances, or the development of several user interfaces adapted for a specific purpose
connected to the same core database.

This next generation of the IUCLID software might also be useful for the submission of a
future PPP dossier and/or a DAR, as well as the CLH report. The Harmonized Templates
were implemented to store structured data from studies on an endpoint record level. This
technique is used in IUCLID.

The content of the XML files according to the Harmonized Templates shall replace the
Tier II summary level (Word, PDF) to prevent a duplicate lifecycle management by the
companies of a text and of the corresponding structured data set.

Today the authorities have to produce a duplicate lifecycle management of a CLH text
and a technical CLH dataset in parallel over a long period. Why is it necessary to
produce two versions of a CLH dossier, a text processor CLH dossier and the technical
IUCLID data file?

A mutual understanding of the needs and workload implications was the starting point for
this discussion. There is a clear benefit in having an IUCLID 5 dossier for all substances,
including PPP active substances, but on the other hand there is an additional workload for
the CAs when preparing an IUCLID 5 dossier from a dossier presented in a different format.
Over the long-term the OECD approach may provide a fully compatible solution and this
was recognized as the best solution.

The workshop participants recognized that the role of the PPP CAs should be equivalent to
the role of the REACH/CLP and biocide CAs: to revise and update the IUCLID 5 dossier
presented by the relevant companies. Therefore, before a fully compatible submission
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system is developed, the alternative should be to request the companies to include in their
submission an IUCLID 5 dossier for the studies relevant for classification and labelling.

4.3. Improve harmonized interpretation and reporting

The ECHA and EFSA processes represent the scientific assessments of the available
information in order to establish solid scientifically based conclusions for supporting the
decision-making process by the European Commission. ECHA and EFSA have specific
mandates, defined in their respective regulations. The workshop discussions and the
conclusions presented below should be understood and implemented taking into account
the different and independent roles and mandates of ECHA and EFSA, and the European
Commission.

The conclusion that the CMR-related cut-off criteria for active substances to be included in
PPP are met is based on a conclusive scientific assessment on the substance with regard to
the fulfilment of the approval criteria proposed by EFSA? and on the opinion of ECHA. In
order to support such a conclusion early in the evaluation process under the PPP
Regulation, common interpretation of the classification criteria for CMR properties in both
contexts (EFSA and ECHA) would be an important prerequisite. Both agencies should
cooperate to achieve a common interpretation of the underlying studies, particularly in
terms of reliability and relevance, and to explain any divergence and deviation if needed.

Classification as CMR category 1A or 1B will exclude an active substance from approval and
subsequent use in PPPs (unless exposure is negligible in case of CR), whereas classification
as CMR category 2 allows approval. The credibility of the scientific assessments of CMR
properties could suffer if conclusions under the PPP Regulation and under the CLP
Regulation were inconsistent, e.g.:

if a CLP decision adopted by the Commission on the basis of a RAC opinion (CMR
category 1A or 1B) made it necessary to revoke an active substance approval, which
was adopted at an earlier time point or

if active substance approvals were declined earlier in the process on the grounds of an
RMS or EFSA proposal for CMR category 1A or 1B classification, but later a CLP
decision adopted by the Commission on the basis of the RAC opinion resulted in CMR
category 2 classification which would have allowed the approval of the active
substance.

Similarly, divergences in the answer to the question of whether a substance should be
classified as CMR category 2 or should not be classified would also have consequences at PPP
authorization level and even at active substance approval level (relevance of groundwater
metabolites). Harmonized application of the CLP criteria for CMR classification within the EU
Member States and by different Expert Meetings is therefore essential.

2 Article 12(2) of Regulation 1107/2009 lays down that "...the Authority shall adopt a conclusion in the light of current
scientific and technical knowledge using guidance documents available at the time of application on whether the
active substance can be expected to meet the approval criteria provided for in Article 4... "
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Although detailed criteria for hazard classification and labelling of substances have been
laid down under the CLP Regulation, particularly the specific criteria for CMR classification
requires expert judgement and consideration of many different factors (e.g., weight and
strength of evidence, mechanism or mode of action and its relevance to humans) included in
the available relevant experimental data and the additional reliable information.

Based on the experience from various national and international Expert Meetings, it seems
obvious that the interpretation of CMR data from experimental tests and epidemiological
studies by different Expert Meetings in ECHA and EFSA, i.e., the RAC and the Pesticide
Risk Assessment Peer Review (PRAPeR) meeting, does not necessarily lead to the same
opinion and proposal on classification, even though the same data have been evaluated. The
current RAC experience already indicates a significant number of borderline cases as being
particularly problematic. The workshop participants considered that the optimal solution
would be an involvement of the experts at an early stage. This requires coordination within
the rapporteur MS under the PPP process, as well as between EFSA and ECHA. Ideally, the
RAC opinion on harmonized classification and labelling should be the basis for the EFSA
conclusion on the cut-off criteria related to CMR properties; if this is not feasible in all cases,
the RAC opinion on the CMR classification should be at least available for the Commission
for their decision-making process on the approval. There is a special need for a common
interpretation of the criteria for the classification of substances for reproductive toxicity
(paternal and maternal toxicity, consideration of potency and setting of specific
concentration limits, developmental versus lactation effects, etc.).

When expert judgement and consideration of many different factors (e.g., weight and
strength of evidence, mechanism or mode of action and its relevance to humans) is needed,
common scientific understanding is essential under both regulations.

The workshop participants considered that the cooperation of the experts involved in both
processes is essential and encouraged ECHA and EFSA to consider this need when
establishing their processes. The ideal solution, particularly for borderline cases, would be to
organize a single detailed expert discussion that could feed into both processes. The
working procedures from RAC and EFSA already allow the participation of invited experts
and a set of consultations with the committees. ECHA and EFSA were requested to
coordinate the involvement of the relevant experts, ensuring that all relevant information is
available to the experts, and to establish mechanisms for facilitating the exchange of views
among the experts early in the process for identifying divergent interpretations, and
organize ad hoc expert discussion platforms in order to try to get consensus on the scientific
interpretation of the data.

The rapporteur MS under the PPP Regulation, acting as dossier submitter for the CLH
dossier, plays a key role in both processes. It is essential that when reporting the studies’
results, weight of evidence and its comparison with the CLP criteria, the MS experts
consider specifically the RAC needs and previous opinions on similar cases. Following the
RAC decision, the RAC Manual of Conclusions and Recommendations will be available to
the CAs in order to facilitate this process.
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5. Main conclusions and recommendations

This chapter includes a summary of the main conclusions agreed upon by the different
breakout groups and a table presenting the main recommendations for actions to follow up.

It has to be underlined that the information below refers to those conclusions and
recommendations made most frequently by the experts in the breakout groups” sessions and
in plenary.

The main conclusions of the workshop can be summarized as follows:

need to inform ECHA as early as possible on a potential candidate for CLH
classification;

call for prioritization of proposals for harmonized -classification and labelling
suggesting classification as CMR;

the importance of increased cooperation and awareness among the different competent
authorities;

ensure consistency with respect to information evaluated under both processes and
harmonization of the currently different formats for hazard assessment;

progress toward a harmonized electronic system for submission of data;

the relevance of the proper presentation of evidence related to hazard identification and
comparison with CLP criteria for harmonized interpretation on CMR studies;
harmonized reporting on CMR studies and integration into the current reporting
formats under the two processes.

The workshop concluded that in the long-term "one substance, one dossier, one procedure
and one discussion" would be the ideal situation.
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1. Introduction

Maize (Zea mays L.) grain yield have increased during the last decades. A recent review [1]
indicated genetic grain yield gains of 74 to 123 kg ha' year! for different time periods
between 1930 and 2001, in the US corn belt, Argentina and Brazil [2-6]. Current reviews on
the physiological processes associated with those yield increments have been focused on US
corn belt hybrids and maize hybrids of Ontario, Canada [e.g. 1; 7; 8]. As such, grain yield
increments were associated mainly with an increased kernel number, a consistently
improved stay green, and a longer period of grain fill. Those reviews agreed on that harvest
index (HI i.e. the relationship between grain yield and final shoot biomass) did not
consistently change over time; in contrast, HI of Argentinean maize hybrids have increased
during the 1960-1990 period [9; 10]. This review will be focused on the ecophysiological
mechanisms contributing to the greater yield in modern than in older maize hybrids; with
particular interest in Argentinean maize hybrids because they have shown a distinctive trait
change over the years (i.e. HI increment).

Grain yield

Grain yield can be expressed as the product between shoot biomass and harvest index. In
Argentina, harvest index was increased while shoot biomass was not consistently increased
over the years during the period 1965-1993 [11]. As such, HI increased from 0.41 to 0.52 in
maize crops growing under optimal conditions [9]. The increased harvest index was
associated mainly to a greater increase in grain yield numerical components (i.e. kernel
number and/or kernel weight) than in shoot biomass. On the contrary, shoot biomass has
increased while harvest index have remained constant in maize hybrids released in Canada

I NT E C H © 2013 Echarte et al., licensee InTech. This is a paper distributed under the terms of the Creative Commons
Attribution License (http://creativecommons.org/licenses/by/3.0), which permits unrestricted use,
open science | open minds distribution, and reproduction in any medium, provided the original work is properly cited.
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and the US in different decades [1; 12]. Most of the shoot biomass accumulation increments
in those hybrids, occurred during the grain-filling period [13; 14]; and they were mainly
associated with an increased capacity of maintaining higher leaf photosynthetic rate of
green leaf area (i.e., functional “stay green”) during the grain-filling period [15-17]. The next
sections will review the main processes influencing grain yield numerical components
determination (i.e. kernel number and kernel weight) and their changes in Argentinean
maize hybrids released in different decades. Implications on stress tolerance and resource
use efficiency will be also discussed.

Kernel number

Kernel number is the main yield component accounting for grain yield increments over the
years [18; 19]. Figure 1 illustrates a conceptual framework of the main processes
contributing to kernel number determination in maize.

Kernel number per
plant
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Grain efficiency factor (— Genotype

Total ear growth at
critical period
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Total plant growth
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availability

Figure 1. General model for kernel number determination in maize (Adapted from Andrade et al. (20)).

Kernel number per plant is a function of the physiological condition of the crop or plant at a
period of 15 days bracketing silking (i.e. critical period for kernel number determination; 21-
26) or between -227 and 100°C day from silking [27]. As such, kernel number is a function of
photosynthesis at silking [22] and it is closely related with plant growth rate during the
critical period for kernel set [18; 28]. The relationship between kernel number per plant
(KNP) and plant growth rate during the critical period for kernel set (PGRs) was described
by two successive curves to account for the first and second ear in prolific hybrids, or a
single curve in non-prolific hybrids [18; 28; 29]. A particular feature of the KNP-PGRs
relationship is the significant PGRs threshold for kernel set that results in abrupt reductions
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in kernel number at low resource availability per plant [29]; which might reflect a strong
apical dominance [24; 30]. Using contrasting plant densities along with individuals instead
of plot means provide a wide range of values for PGRs and KNP; and it is possible to obtain
more precise estimations of the threshold PGRs for kernel set [28; 29]. Allometric models are
fitted to the relationship between shoot biomass and morphometric measurements (i.e. stem
diameter, ear length, ear diameter) and are used to estimate the growth during the critical
period for kernel set of individuals that remains in the field from sowing to physiological
maturity (i.e. individual plant methodology, 29). The regression between estimated shoot
biomass using allometric models and the actual shoot biomass of plants before silking is
depicted in Figure 2 and it shows an example of the reliability of the individual plant
methodology.
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Figure 2. Relationship between estimated and actual shoot biomass at the beginning of the critical
period for kernel set, for an older (DKF880) and a newer (DK752) maize hybrid. Shoot biomass was
estimated using allometric models. The dotted line shows the 1:1 ratio and the solid lines show the
fitted model for the older (gray) and the newer (black) maize hybrids. Fitted linear equations were y =
0.89 x +7.1, R2=0.87, n=71 for the older hybrid, and y = 0.94 x + 4.2, R2=0.91, n=72 for the newer hybrid
(Adapted from Echarte et al. (10)).

A comparison of the KNP-PGRs relationship among 5 Argentinean hybrids released
between 1965 and 1993 established that newer hybrids set more kernels per unit PGRs than
older hybrids as was indicated by (i) the lower threshold PGRs for kernel set and (ii) the
greater potential kernel number at high availability of resources per plant, for newer than
for older hybrids (10; Figure 3). Plant growth rate during the critical period for kernel set at
each plant density did not show a clear trend with the year of release. The lower threshold
PGRs for kernel set contributed to reduce the number of sterile plants in modern than in
older maize hybrids and thus to a higher kernel number per plant as resource availability
per plant decreases. Other authors also found less % of barren plants in newer than in older
hybrids [31; 32; 18]. The lower threshold PGRs for kernel set could have probably resulted
from indirect selection of genotypes under progressively higher plant densities and from a
wide testing area that includes low-yield environments [33-38]. The determination of the
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thresholds of plant growth rate for kernel set were recently suggested as a phenotyping trait
in breeding programs (39). However, the individual plant methodology [29; 10] seems more
suitable for a reliable estimation of PGRs thresholds for kernel set than the mean PGRs per
plot calculated in other works [18; 40]. At high resource availability per plant, the greater
potential kernel number in the topmost ear contributed to a high KNP [9; 10]. Although
differences were found among hybrids, there was not a clear trend with the year of hybrid
release in threshold PGRs for prolificacy, nor in percentage of prolific plants beyond that
threshold [9]. Also, no significant changes in ears per plant for US maize genotypes released
between 1930 and 1980 were evident [32]. However, an increase in prolificacy with the year
of hybrid release was reported in other works [3; 18].
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Figure 3. Relationship between kernel number per uppermost ear or per plant and plant growth rate
during a period bracketing silking (PGRs) in an older (DKF880) and a newer (DK752) maize hybrid
released in Argentina in different decades (year of release between brackets). Triangles represent kernel
number of prolific plants (kernel number of the topmost plus the second ear). Other symbols represent
KN of the topmost ear at low (2-4 plants m?; solid circles); intermediate (8 plants m?; squares), and high
plant densities (16-30 plants m; white circles). Adapted from Echarte et al. (10).

A greater dry matter partitioning to the ear (i.e. ear growth rate per unit PGRs) and/or a
greater grain efficiency factor (i.e. kernel set per unit of ear growth rate during the critical
period for kernel set) are physiological processes contributing to a greater KNP per unit
PGRs (41; Figure 1). It has been stated that kernel set improvements with the year of the
hybrid release were attributable to (i) increased partitioning of dry matter to the ear during
the critical period for kernel set at low and intermediate resource availability per plant; and
to (ii) greater kernel set per unit of ear growth rate at high resource availability per plant (10;
Figure 4). Previous works have shown dry matter partitioning to the ear increments as a
result of a reduction in tassel size or tassel removal [24; 42; 43]. Greater dry matter
partitioning to the ear in newer compared with older maize hybrids is in agreement with the
declined tassel size of US hybrids from the 1930s to the 1990s [15]. Tassel branch number
and dry weight were reduced over the years in US hybrids [2; 3]. At high resource
availability, the greater kernel set per unit ear growth rate was mainly attributable to the
greater potential kernel number per ear [10]. Other processes contributing to elucidate
differences among hybrids in grain efficiency factor, like a lower assimilate requirement per
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kernel [21; 40; 42] or a more synchronous fertilization of florets within the ear [44;45], did
not show a clear trend with the year of the hybrid release [10]. The inherent greater stand
uniformity of the single-cross modern than in double-cross older hybrids was not an
additional factor influencing kernel set per unit PGRs; since, plant size variability at the
critical period for kernel set was similar among hybrids of different decades [9].
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Figure 4. Dry matter partitioning to the ear (a) and grain efficiency factor (b), for an older (DKF880) and
anewer (DK752) maize hybrid released in Argentina in different decades (year of release between
brackets). Bars indicate standard error. ** indicates significant differences between hybrids at P<0.05.
Adapted from Echarte et al. [10].

The modifications to the features of the relationship between KNP and PGRs (i.e. lower
threshold PGRs for kernel set and greater potential kernel number) were associated with a
more uniform HI across resource availabilities in newer than in older maize hybrids (Figure
5; 9). At low resource availability, decreases in HI were sharper in older hybrids. At high
resource availability per plant, decreases in HI of non-prolific plants were less pronounced
in newer than in older hybrids (Figure 5; 9);
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Figure 5. Relationship between harvest index per plant and final shoot biomass per plant in an older
(DKF880) and a newer (DK752) maize hybrid released in Argentina in different decades (year of release
between brackets). Triangles represent harvest index of prolific plants. Bottom bars represent the plant
densities used to obtain the corresponding ranges of shoot biomass per plant. Adapted from Echarte
and Andrade (9).
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The lower threshold PGRs for kernel set was associated also with an improved tolerance to
high plant density in newer maize hybrids [10]. Greater tolerance to high plant density was
reported for hybrids released during different decades in the US, Canada and Argentina [3;
18; 32; 36; 40; 46]. The response of grain yield to plant density was curvilinear in
Argentinean maize hybrids released between 1965 and 1993 [19] and between 1965 and 1997
[40], in agreement with the generally reported grain yield response to plant density for
maize [47; 48]. Grain yield response to plant density was mostly associated with number of
kernels per unit area [19], in accordance with other works [18; 47; 49]. In general, differences
in kernel number m? among hybrids released in different decades increased with plant
density [19]. Figure 6 shows that kernel number m? of a hybrid released in 1965 increased
with plant density up to 8 pl m?; whereas, kernel number of a newer hybrid released in 1993
increased with plant density up to 14.5 plants m=2. A recent study demonstrated that kernel
number of current Argentinean maize hybrids (i.e. released in 2010) is consistently higher
than that of an hybrid released in 1993 at high plant densities [50]. Greater tolerance to other
stresses like weed competition (51), low night temperatures [16; 52], low soil nitrogen [17;
53; 54] and drought [55] were reported for hybrids released during different decades in the
US and Canada. It was demonstrated that the nature of the environmental stress (e.g., plant
density, nitrogen, water) causing variations in PGRs did not influence the KNP-PGRs
relationship [56; 57]. Therefore, it is likely that a lower threshold PGRs is the underlying
feature contributing to explain the greater general stress tolerance in newer than in older
maize hybrids.

The greater kernel number at low plant density in newer compared with older maize
hybrids (Figure 6) is another distinctive trait improved in Argentinean maize hybrids; since
no grain yield improvement at very low plant densities was reported for US and Canadian
hybrids [3; 37]. Moreover, although newer Argentinean hybrids released in 2010 yielded
more than hybrids released in 1993 in a range of plant densities between 5 to 14.5 plants m?,
the greatest grain yield improvement during the 1993-2010 period occurred at the lowest
plant density (i.e. 5 plants m; 49).
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Figure 6. Number of kernels m2 as a function of plant density for an older (DKF880) and a newer

(DK752) maize hybrid released in Argentina (year of release between brackets). Adapted from Echarte
etal. (19).
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Kernel weight and chemical quality

A general model for kernel weight determination in maize is shown in Figure 7. Although
kernel weight differed among hybrids it did not show a clear trend with the year of hybrid
release [60].
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Figure 7. General model for kernel weight determination in maize.

Biomass accumulation in kernels begins shortly after fertilisation and it can be represented
by a sigmoidal pattern in which a lag and a linear growth phase can be distinguished [58;
59]. Of the two components that determine final kernel weight (i.e. the kernel growth rate
during the linear phase or effective grain filling period and the effective grain filling
duration; Figure 7), kernel growth rate was the main component contributing to explain
differences in kernel weight among hybrids released in different decades up to 1993 [60].
Kernel growth rate is strongly correlated with number of endospermatic cells and starch
granules, which in turn determine the potential kernel size [61-63]. This contention suggests
underlying differences among hybrids in potential kernel weight.

Duration of the grain filling period, and in turn kernel weight, is affected by the ratio
between assimilate availability (source) and the potential capacity of the ear to use the
available assimilates (i.e. ear demand, sink) during the grain filling period (Figure 7; 29; 65;
67-71). Since under optimal growing conditions, hybrids differ in kernel number per plant
but also in kernel growth rate or potential kernel weight [60]; the ear demand (i.e. sink) was
better described by both, the number of kernels per ear and their potential kernel weight
(i.e., ear demand = KNP x kernel growth rate) rather than by KNP alone as in previous
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works [64-68]. As such, ear demand was greater in newer than in older hybrids by means of
a greater kernel number per plant or a large potential kernel weight [60].There was not a
clear trend with the year of the hybrid release in source-sink ratio in non-limiting
environments (i.e. optimum resources availability; 59). An enhanced source-sink ratio (i.e.
calculating the sink as kernel number alone) has been indicated for Argentinean maize
hybrids released between 1965 and 1997 [40]. However, kernel weight reductions in
response to source reductions due to defoliation during grain filling were greater in newer
than in older hybrids (Figure 8a; 60). This response was associated with the greater ear
demand relative to the source capacity in newer Argentinean maize hybrids (Figure 8b).
Thus, if breeding for high yield potential continue increasing the ear demand without a
proportional increment in total source capacity, kernel weight would be source limited and
it will be more affected by source variations during the grain filling period in the newer
maize hybrids. In agreement, ear demand of current Argentinean maize hybrids (i.e.
released in 2010) was greater than that of maize hybrids released in 1993 [72]. As such, ear
demand increased at a rate of 1.13% year! during the last 45 years in Argentina; and kernel
number was the main component influencing this increment rather than kernel growth rate
[72]. In contrast, source-sink ratios were greater for newer than for older Ontario maize
hybrids for the 1959-2007 period [8]. The increased functional “stay green” (i.e. capacity of a
leaf to retain its photosynthetic rate during the grain filling period; 8) was the main factor
underlying the larger source during the grain filling period in newer maize hybrids of the
US corn belt and Ontario, Canada [1; 8; 17].
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Figure 8. Kernel weight reduction (%) due to full defoliation during the grain filling period as a
function of (a) year of hybrid release and (b) ear demand (mg °C-! d-!) for 5 hybrids released in
Argentina from 1965 to 1993. Adapted from Echarte et al. [60].

The greater ear demand along with the genotypes used in the Argentinean maize breeding
programs influenced the grain chemical quality of hybrids released in different decades [11].
Protein concentration decreased with the year of the hybrid release in an environment
without nitrogen (N) fertilization but it was not modified when N was applied (Table 1); soil
N-NOs level at V6 stage in this experiment was higher than the minimum required for
maximum yield achievement (i.e. 27 ppm in this experiment versus a threshold of 24 ppm
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N-NO:s for maximum yield; 73). Protein concentration was negatively correlated with grain
yield (r=-0.79, p=0.06) in agreement with previous findings [74-76]. The decline in protein
concentration in kernels might have been the result of non-proportional increments of N
and carbon fluxes to the kernels over the years. In addition, lower protein concentration in
kernels were associated with low source-sink ratios [65; 77]. Similar trends in protein
concentration over the years were reported for other crops [78; 79] and for US maize hybrids
released during the period 1930-1991 [3]. On the contrary, protein concentration in kernels
increased in Canadian hybrids released in different decades [80]. The increment in both,
grain yield and protein concentration, might be associated with the increased source-sink
ratio in Canadian maize hybrids [54]. As well, similar protein concentration under high N
availability in Argentinean maize hybrids released in different decades might have been
related to N luxury consumption [81; 82]. Oil kernel concentration was stable in hybrids
released between 1965 and 1984; but it was reduced in hybrids released in 1993 (1>=0.84,
p<0.05, Figure 9). QOil is mainly located in the embryo [83; 84] and it is probable that the
embryo-endosperm ratio has decreased with the year of the hybrid release. In agreement,
embryo-endosperm ratio was greater in US hybrids selected for high oil concentration [85].

Hybrid Year of release Protein (g kg!)
No N fertilized N fertilized

DKF880 1965 95.0a 98.7 a
M400 1978 93.0 ab 95.7 a
DK4F36 1982 81.0 bc 86.7 a
DK4F37 1985 77.7 ¢ 88.3a
DK664 1993 78.0 ¢ 86.7 a
DK752 1993 79.7 ¢ 93.0a
SE within columns 4.04

SE within rows 3.85

Table 1. Protein concentration (g kg) in grains of Argentinean maize hybrids released between 1965
and 1993 under two nitrogen treatments (i.e. N fertilized and no N fertilized). From Echarte [11].
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Figure 9. Oil concentration (g kg') in grains of Argentinean maize hybrids released between 1965 and
1993 under two nitrogen treatments (i.e. N fertilized and no N-fertilized). From Echarte [11].
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Resource capture and resource use efficiency

Greater grain yields of newer maize hybrids might have resulted in a concomitant increase
in resource capture and/or resource use efficiency.

In non-limiting environments, grain yield can be expressed as the result of intercepted
radiation, radiation use efficiency for shoot biomass production and harvest index [86].
Intercepted radiation did not consistently change in Argentinean maize hybrids released
between 1965 and 1993 [11], in accordance with the lack of a consistent trend with the year of
the hybrid release for shoot biomass. On the contrary, another study [40] reported
accumulated intercepted radiation increments for Argentinean maize hybrids released
between 1965 and 1997; which were attributed mainly to greater interception during the grain
filling period. Contrasting results between works could be related to period under study
and/or interaction between genotype and environment [87]. Nevertheless, grain yield
increments were attributed to a large extent to greater radiation use efficiency for grain yield in
both studies [11; 40]. The improved radiation use efficiency was not related to an improved
light distribution within the canopy, as a lower extinction coefficient was not evident with the
year of the hybrid release [40]. These results are in contrast to the more upright leaf habit with
the year of the hybrid release reported for US hybrids [31]. A greater radiation use efficiency
was also the main mechanism contributing to explain the greater shoot biomass of newer
Canadian maize hybrids [88]. A smaller decline in maximum leaf photosynthetic rate from
silking to maturity was the underlying process contributing to explain the greater radiation
use efficiency in newer Canadian maize hybrids [16;17; 89]. Maximum leaf photosynthetic
rates at silking, however, were similar among hybrids released in different decades [17].

In water and/or nitrogen limited environments, greater grain yields associated with resource
capture increments might have exposed current maize hybrids to more frequent nutrient or
water stresses. Nevertheless, as it was previously discussed, newer genotypes are more
tolerant to stresses than older hybrids. Grain yields of newer maize hybrids were greater
than those of older hybrids across N levels [31; 53; 90; 91]. Nitrogen use efficiency (the ratio
of grain production to soil available N) can be expressed as the result of nitrogen recovery
efficiency (NRE, the ratio of N uptake to soil available N) and nitrogen internal efficiency
(NIE, the ratio of grain yield to whole plant N uptake at physiological maturity). Nitrogen
use efficiency increased with the year of the hybrid release in Argentina during the 1965 —
2010 period [91; 92]. Nitrogen internal efficiency rather than greater N uptake largely
explained the greater N-use efficiency of newer maize hybrids than older hybrids [92; 93].
These results are in agreement with findings in Canada and US [94]. The greater N-use
efficiency in a newer than in an older Canadian maize hybrid was associated with a lower
rate of decline of leaf photosynthesis towards physiological maturity, under both high and
low N availability [17].

Water stress is one of the main limitations to crop grain yield worldwide; and it may reduce
maize grain yield by 12-15% in temperate regions [95, 96]. Grain yield of newer maize
hybrids was greater than that of older hybrids across water regimes during the grain filling
period [97]. Preliminary results of our group indicate that grain yield improvements in
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Argentinean maize hybrids released between 1980 and 2004 has been associated with
increased water use efficiency for grain production and not with water uptake, which has
remained relatively stable [98]. This is in contrast with previous reports suggesting that
water capture increased with the year of the hybrid release in US hybrids [99]. However, the
consistently increased total shoot biomass with the year of the hybrid release in US hybrids
and not in Argentinean maize hybrids may contribute to explain discrepancies between
works. Although seasonal water uptake was similar among Argentinean maize hybrids
released in different decades, soil water uptake during the critical period for kernel set was
greater in newer than in older maize hybrids when soil available water was low [100]. In
agreement, a modern Canadian hybrid was able to maintain higher leaf photosynthesis and
transpiration during short periods of low water availability at silking than an older hybrid
in a greenhouse study [55]. Water use efficiency for grain production was consistently
higher in a newer than in an older Argentinean maize hybrid, and differences were greater
at low water availability [101].

2. Conclusions

Greater grain yield of newer Argentinean maize hybrids was mainly related to an increased
harvest index; whereas shoot biomass did not consistently increased with the year of the
hybrid release. Kernel number was the main yield numerical component contributing to
explain grain yield increments. Processes influencing kernel number determination in
hybrids released in different decades were analyzed using as a framework the relationship
between kernel number per plant (KNP) and plant growth rate during the critical period for
kernel set (PGRs); and it was evident that features of the relationship were changed through
the years. As such, threshold PGRs for kernel set was lower and maximum kernel number
per plant was higher in newer than in older hybrids. The lower threshold PGRs for kernel
set contributed to explain the greater tolerance of newer hybrids to high plant densities, and
it probably contributed to a greater tolerance to other stresses like low water availability or
low soil N. The lower threshold PGRs for kernel set was associated with a greater assimilate
partitioning to the ear at low resource availability per plant; which was probably related to a
lower apical dominance in newer than in older maize hybrids. The higher maximum kernel
number per plant at high resource availability was associated with morphogenetic changes
leading to a greater potential kernel number per ear; whereas prolificacy was not
consistently improved. This response of kernel number to an increased resource availability
contributed to explain the greater grain yield of newer hybrids at low plant densities. As
such, harvest index of newer maize hybrids was not only greater but it was also more stable
at different resource availability than that of older maize hybrids.

Kernel weight did not show a clear trend with the year of the hybrid release; but it was
evident that kernel weight of newer hybrids was more susceptible to stresses during the
grain filling period than that of the older hybrids. Kernel weight response to resource
availability during the grain filling period was analyzed in terms of the source-sink ratio.
The sink or the ear demand for assimilates during the grain filling period was greatly
increased in newer maize hybrids; as a result of either a greater kernel number and/or a
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greater kernel growth rate. Kernel growth rate has been shown to be closely associated with
the potential kernel weight. However, the ear demand was increased to a greater extent than
the source (i.e. plant growth during the grain filling period), and stresses during the grain
filling period reduced kernel weight of newer hybrids more than that of the older hybrids.
Thus, future breeding efforts for yield improvement would need to focus also on an increase
in source capacity during the grain filling period. Kernel chemical quality was also modified
with the year of the hybrid release; as such, protein concentration in kernels was lower in
newer hybrids at moderate soil N availability. This change was attributed to both, the
genotypes used in the selection programs as well as the increased carbon fluxes to the
kernels without proportional increments in the flux of nitrogen. When N luxury
consumption occurred, protein concentration in kernels was similar among hybrids released
in different decades. Oil concentration also decreased in newer hybrids released in 1993.

Resource use efficiency increments, rather than greater resource capture, concomitantly
increased with grain yield of Argentinean maize hybrids released in different decades. In
non-limiting environments, radiation use efficiency for grain production (i.e. grain yield per
unit of intercepted radiation) was a consistently increased mechanism contributing to
explain the greater grain yield of newer maize hybrids. This was associated mainly with the
greater partitioning of assimilates to the ear and/or a greater potential kernel number per ear
that allowed for an increased harvest index. An improved light distribution within the
canopy was not evident. In soil N-limited environments, greater yield of newer maize
hybrids were associated with greater nitrogen use efficiency for grain production; which
was largely explained by a greater nitrogen internal efficiency (i.e. the ratio of grain yield to
whole plant N uptake at physiological maturity). Similarly, in water limited environments,
water use efficiency for grain production was greater in a newer than in an older maize
hybrid. The lower thresholds PGRs for kernel set in newer compared with older maize
hybrids might have resulted in a lower frequency of barren plants or with low number of
kernels and thus in a greater kernel number at low N or low water availability. Resource
capture was not consistently increased with the year of the hybrid release indicating that
stressful conditions are not more frequent in current maize hybrids than before.
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1. Introduction

State of Qatar is a peninsula extended from Arabia desert as outcrop in the western Arabian
Gulf, located in an area of the world which is warm and humid; its land is considered as
arid or semi-arid and highly saline. The common type of landscape is rocky desert,
depressions and salt marshes, and in general it is flat to undulating. Such environment
could have great impact on the biodiversity of flora and fauna, since limited number of wild
plants and animals has been recorded in this area. The vegetation of Qatar is comprised of
herbaceous plants, dwarf shrubs and a few tree species. Woody plants, succulents, and
perennial grasses and sedges withstand successfully the severe drought of the summer. Soil
in Qatar is generally shallow sandy calcareous, overlying rocky bed rock. The available
nutrition for native plants is poor with salty soil; they are adapted and tolerate different
physical and chemical factors. These adaptations also affect the type, abundance, and
occurrence of microorganisms. However, this country is endowed with natural resources
especially gas and oil; their revenues have been used to support all aspects of social life
including the expansion of urban and industrial sectors as well as supporting the scientific
research and its international obligations. In fact, Qatar has engaged with numerous
international activities such as humanitarian aids and hosting international sport
competitions and political meetings. The expansion in the industrial activities might put the
ecosystem at real risk; some habitats are disappearing, and pollution of the environment
could be another possible threat of such activities in the long run. Three challenges facing
scientists and the decision makers in the State of Qatar: (1) restoration of the endangered
habitats due to the industrial and urban activities, (2) phytoremediation of wastewater and
soil which might be affected by gas and oil industry, and (3) establishment of wide scale
institutes to deal with the modern techniques of gene technology to develop transgenic crop
and native plants to cope with harsh and polluted environments. Therefore, this chapter of
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the book (Agricultural Chemistry, ISBN 980-953- 307-1002-1) is dedicated to address the
efforts of restoration, phytoremediation and modern technologies in the State of Qatar. The
following objectives have been suggested to discuss these efforts and to implement
scientific solutions of the problems facing the environment in this region: (1) describe the
environment and the plant wild life in the Gulf region in general and in particular in the
State of Qatar, (2) understand the ecophysiology and mechanisms of adaptation of plants
and microorganisms under drought and saline environments, (3) comprehend the impact of
human and industrial activities on the natural habitats, and the restoration and
phytoremediation efforts to maintain the environment, and (4) foresee the perspectives of
genetic manipulation of crop and native plants, and using the possible gene bank of native
plants to improve the phytoremediation processes.

2. The environment in the Gulf region

By definition of aridity, as a function of rainfall and temperature and the daily follow-up of
meteorological data; the Arabian Gulf region is considered as arid or semi-arid. This region
is absolutely among the warmest regions of the world; the temperatures in the summer
season reach levels as high as 50 degrees Celsius or may be above. The general outlook of
the mean rate of precipitation in this region showed clearly that the rain is scarce and not
exceeds the rate of 152 mm per year [1]. Thus, such shortage in the rainfall in the Gulf region
which is coincided with the high rate of evaporation in most of the days of the year with the
presence of salt water, would make most of the lands as dry and very highly saline, reaching
high values of electrical conductivities of the soil saturated extracts, ECe (about 200 milli-
Siemens / cm) in salt marshes, Sabkhas, coastal line and even in some inland areas [2-4]. The
main source of salinity at the coastal line is from the saline water of the Gulf, while the high
values of ECe in the inland areas and Sabkhas are attributed to the intrusion of seawater into
the underground waters [5].

The meteorological data in the State of Qatar that have been obtained from Doha (The
capital of Qatar) airport for the last two decades confirmed the reality of aridity of the land
(Table 1). Some reports have indicated that the rainfall in this region is irregular and
variable in time and space and unpredictable. From the data reported by Batanouny [6], the
average annual rainfall in Doha for 17 years was 78.1 mm, this figure fluctuates between 0.4
mm in 1962 and 302.8 mm in 1964. The temperature records, on the other hand, show that not
a single month has mean temperature below 17.1 °C, and the mean minimum temperature
does not drop below 12.7 °C. The absolute maximum temperature in January is 30.7 °C and the
absolute minimum temperature is 3.8 °C, and there is never a danger of frost. Over the year,
the maximum temperatures are recorded in July and August; however an exceptional highest
record of air temperature (about 49 °C) at Doha was reported in June 1962.

The world meteorological organization (UN) and Hong Kong Observatory reports about the
climatic records in the city of Doha have confirmed the above conclusions [7]. Also,
considerable variations have been found in most parameters of the physical and chemical
characteristics of soils including: soil texture, water content, pH of the soil extracts and ECe;
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EC of the saturated soil extracts (Table 2). Such variations in those parameters are more
obvious in ECe; which accompanied with the variation in Na* and CI” ions content in those
soils. In fact, the data have shown that the main elements that could cause salt stress in such

soils are Na* and Cl” in addition to other cations like Ca2*, Mg2* and K*.

Climatic elements Annual values | Months of lowest Months of highest
values values
Average temp. (°C) 27 Jan: 17 Jul-Aug: 35
Average max. temp. (°C) 31 Jan: 20 Jun-Jul: 40
Average min. tem. (°C) 22 Jan: 13 Jul-Aug: 30
Absolute max. temp. (°C) 47 Jan — Feb: 32 May-Aug: 47
Absolute min. temp. (°C) 1 Jan: 1 Jul: 23
Average rainfall (mm) 81 Jun-Oct: 0 Feb: 20
Average morning RH (%) 71 Jun: 52 Feb-Dec: 82
Average afternoon RH (%) |43 Jun: 28 Dec: 54
Average wind speed (km/h) |20 Sep-Oct: 14 Jun: 27

RH: Relative Humidity

Climatic data of Doha city. Average annual values, average monthly lowest values, and
average monthly highest values. Data of 17 years [5].

The above meteorological conditions and soil properties could be involved strongly to the
features of the harsh environment in the region, and ultimately could have had major
impact on the biodiversity and distribution of wild life in Qatar. Moreover, the shape,
topography, geologi