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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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Preface

The information provided in this book should be of interest for academic researchers
and for agriculturalists.

All the contributing authors are gratefully acknowledged for their time and efforts in
preparing the different chapters, and for their interest in the present project.

Margarita Stoytcheva and Roumen Zlatev
Mexicali, Baja California
Mexico
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Classification and Labeling of Active Substances
in Plant Protection Products







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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e consideration as low-risk active substances;

e identification as candidates for substitution;

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

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

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

e  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



6 Agricultural Chemistry

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:

e  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:

e 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.

e 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.

e The RMS for the active substance could prepare in parallel:
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e the DAR for EFSA for developing conclusions on possible fulfilment of the
approval criteria to be sent to the Commission

e 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

e Ideally, the CLH report should be ready and submitted one month before the DAR
in order to allow time for the accordance check.

e 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.

e 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.

e 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.

e 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:

o the anticipated workloads stemming from the PPP active substance process and
o  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:

e 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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e 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;

e 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:

e the Pesticide Steering Committee;

e the Standing Committee on the Food Chain and Animal Health;

e the Committee for Risk Assessment (RAC);

e 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:

e changes in the Registry of Intentions;

e accordance check streamlining;

e facilitation of communication between dossier submitters, ECHA and RAC;

e dealing with comments received during public consultation;

e 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:

e 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.

e 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.

e 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.

e 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.

e 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.:

e 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

e 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:

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

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

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

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

e  progress toward a harmonized electronic system for submission of data;

e the relevance of the proper presentation of evidence related to hazard identification and
comparison with CLP criteria for harmonized interpretation on CMR studies;

e 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 EC 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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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);

x 0.8 0.8
EE 06 06 |
g 04 0.4 | €
‘I% 0.2 Older hybrid 0.2 | Newer hybrid
00 @B 199 | g0 6 1998)
0 200 400 600 800 0 200 400 600 800
Final shoot biomass per plant (g pl')
[ [
30to16 8  4to2 30t016 8  4to2

Plant density (plants m-2)

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].

~ 50 50
s a b
c 40 40 - °
Ehedl @_)/ ] /
>
8 20 | 20 A
= 10 1 10 1 y=015x-9.3
v R2=0.93
0 ' ! i O T
1960 1980 2000 0 200 400
Year of release Ear demand
(mg °C" ")

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

Table 1. 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, geological structure and petrographic composition of the landscape are
additional factors affecting the life of plants, as well as other living organisms [6]. Thus,
from geographic point of view and climate conditions, Qatar is considered as hot
subtropical desert with saline flats [5, 8].

Parameters Properties
Soil texture Sandy - Sandy clay loam
Absolute water content (%) 22-257
Soil water content (% field capacity) 7.9-65.9
pH (soil extract) 6.6-84
ECe (dSm™) 42-195.0
Na* (mg I'!) of soil extract 186 - 726
K* (mg I'") of soil extract 60 - 108
Ca? (mg 1) of soil extract 63-113
Mg?* (mg 1) of soil extract 34 - 82

CI- (gl") of soil extract 2.0-344

Table 2. The physical and chemical properties of soil samples collected from Doha area [9].



40 Agricultural Chemistry

3. The wild plants and adaptations

Qatar is a small country with more than 4/5 of its boundary surrounded by a coastline
(Figure 1), and the combinations of many environmental factors including drought and
salinity, and high evapo-transpiration, irradiance, and temperatures do not allow many
plants to grow and survive in this region. The flora of Qatar has been placed into one of five
main habitat groups [10]: (1) xerophytes of rock and gravel deserts where the conditions are
very dry, (2) halophytes of saline areas such as salt marshes, coastal sands, sabkhas and
oolitic sands, (3) xerophytic species grow in natural silt and sand depressions where water
retention is higher than those purely xerophytes, (4) species adapted at deep sand where
water is available under the surface, and (5) species receiving artificial irrigation such as
farms, gardens and sewage ponds. Also, the coastal line has been classified into five
halophytic plant communities: (1) mangrove intertidal community, (2) low salt marsh
coastal community, (3) high salt marsh coastal community, (4) sandy coastal community,
and (5) sandy-rocky coastal community [5]. The coastline of the State of Qatar encompasses
unique ecosystem of vegetated sand beaches alternating with bays of aquatic halophytes
and mangroves, followed inland by members of some families like chenopodiaceae, which
are considered as halophytes and/or xerophytes. These plants have various morphological
and anatomical modifications, and physiological and biochemical characteristics that could
have contributed to their adaptation to the harsh environment in this region [9].

The checklist of plants in the State of Qatar has been reviewed many times, some reports
[11] listed 213 species, while others [12] gave a list of 260 species, then the monograph of
Batanouny [6] listed 301 species in 207 genera and 55 families. Recently, Norton and his
colleagues [10] have increased the list of wild plants to nearly 400 species of which about 270
species are likely to be truly native. Some other references can be found in the last
publication to updating the checklist of the wild plants in the Gulf region and in the State of
Qatar. Most of these plants have been recognized as either xerophytes or halophytes; well
adapted to dry and/or saline environments.

3.1. Xerophytic plants

Many plants at the coastal line and throughout the Qatari land are characterized as
xerophytes, include: Cyperus conglomeratus, Oligomeris linifolia, Helianthemum lipii, Tetraena
qatarense, Ochradenus baccatus and many others. These plants have various mechanisms to
cope with drought and water stressed soils

(A) Drought - Escaping xerophytes

These plants germinate, grow, and flower within a short period of time after fairly heavy
rainfall. They produce seeds before the dry season, and therefore, they resist dry season
during the seed stage [13, 14]. Examples of such plants: Polycarpaea spicata and Senecio
desfontanei. Almost all ephemerals that germinate and grow in the desert after the summer
rainfall are C4 plants, while plants that germinate after the autumn rainfall are C3 plants
[13]. Most escaper plants survive the dry period in the desiccation — tolerant seed stage.
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Some efforts have been made to develop crop plants that can complete life cycle in a very
short period of time, to avoid the dry season. Genetic hybridization and selection of some
barley cultivars are among these efforts [15-17].

Arabian Gulf

Ras Laffan
- “‘“\? Al- Thakhira
Al- Khor

Figure 1. A map of Qatar showing the main cities and locations.

(B) Drought avoidance

These plants maintain favorable water content when exposed to external water stress. Drought
avoidance is largely morphological-anatomical in nature. Two secondary mechanisms to avoid
drought are considered here:

a. Water conservation: many plants can conserve water through the following

adaptations:
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1. Morphology and behavior of stomata: stomata are differing in plant species in their
number and distribution on both surfaces of the leaf, size, shape and behavior. These
features are species-specific characteristics, and vary with the adaptation to stress
conditions. In Cyperus conglomeratus, stomata appear only on the abaxial surface of the
leaves and these stomata are sunken [18]. Moreover, most plants living in the desert
areas or saline soils close their stomata during periods of osmotic stress except CAM
(Crassulacean Acid Metabolism) plants. However, many plants have special
physiological and biochemical features to cope with the harsh environments [19-21].
Data from glycophytes have revealed considerable reduction in the stomatal
conductance with salinity [22]. In this respect, it should be understood that stomatal
closure may help maintain the water balance inside the plant. Thus, stomatal closure
can be considered as an adaptation characteristic that plants have in various degrees
under conditions of osmotic stress [22-24]. Cyperus conglomeratus exhibits C4
metabolism and this characteristic might allow the plant to maximize rates of
photosynthesis by sustaining stomatal opening [25].

2. Increased cuticle thickness by increasing the surface lipid: the cuticle of plants under
osmotic stress may become more thickened than those living under normal conditions
(well irrigated or / and non-saline) [19, 22, 26]. The thickened cuticle is observed in
many of these plants like Cyperus conglomeratus and Tetraena gatarense [18].

3. Decreased transpiring surface: the reduction in the leaf area is a common response to
osmotic stress, and could be a main reason behind the reduction in the total
transpiration rate in most plants [22, 27]. In fact, the reduction of leaf area at stressed
growth conditions has been considered as a complex response and can be seen as an
adaptation feature to reduce the water lost by transpiration process [28]. Some plant
species in the Qatari flora like Ochradenus baccatus showed great reduction in the size of
leaves to reduce the transpiring surface. In some other plants, rolling, folding, or
shedding of leaves are possible methods of drought avoidance mechanisms in many
desert plants [26]. Aeluropus lagopoides is another example of wild plants having some
morphological modifications to cope with dry soils which include leaves linear;
lanceolate with small blades ending in sharp rigid points [4]. These plants might have
green stems to increase the photosynthetic efficiency under the severe environmental
conditions [29].

4. Root adaptation: plant roots can contribute effectively to the drought avoidance
mechanism by three ways: (a) restricting the root surface and decreasing its
permeability to water, (b) quick development of roots to absorb rain water and
disappear soon after soil dries, and (c) roots can reduce transpiration by high resistance
to water [15, 30]. High Root / Shoot ratio, on the other hand, has been considered as a
trait of a plant having drought avoidance mechanism [19, 31], Cyperus conglomeratus is a
good example of such trait (Fig. 2) which helps withstand water stress by two ways: (1)
less water is needed for the top, (2) exploring larger volume of soil.

5. Water storage: many plant species show succulence characteristics (Fig. 3); such plants
could have water cells in stems, leaves and roots, which might confer avoidance
mechanism against drought and water shortage. CAM plants are good example of how
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Figure 2. Cyperus conglomeratus has high root / top ratio.

plants can conserve water by closing stomata during the day to avoid water loss, and
open them during the night for CO: fixation [32]. The flora of Qatar includes many
succulent plants some of which exhibit CAM characteristics. The following species have
been recognized as CAM plants: Mesembryanthemum nodiflorum, Cyperus conglomeratus,
Euphorbia granulate, Erodium laciniatum, Portulaca oleracea and may be many others; these
plants seem to have high water use efficiency associated with metabolic pathways that
enable them to survive such environmental conditions [33, 34]. Some CAM criteria like
diurnal oscillation of titratable acidity, malic acid content and succulence have been
studied in three native plants of the flora of Qatar like Salsola baryosma, Anabasis setifera,
and Tetraena gatarense. It was concluded that A. setifera is a constitutive CAM plant
while S. baryosma and T. qatarense are inducible CAM plants [35]. The study of Mazen
[36] on Portulaca oleracea (Cs plant) may show two different behaviors concerning CAM
characteristics, these are CAM-expressing and non CAM-expressing, and the induction
of CAM-like characteristics in this plant was accompanied by increased activity and
synthesis of phosphoenolpyruvate carboxylase (PEPC). Mesembryanthemum nodiflorum,
the slender ice plant, is a succulent annual that is native to southern Africa, and
introduced to many parts of the world. It favors saline and degraded soils of the
agricultural regions, and it has the ability to switch from Cs photosynthesis to CAM
model during its growth [37]. Oligomeris linifolia, on the other hand, is not a CAM plant

43
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in spite of its succulence characteristic and its ability to store water in different plant
parts (Fig. 4). This species has been considered as a desert species suspected as
halophyte. Its life form was considered as Sub-Fruticose Chamaephytes, erect fruit
shoot at base [38]. It grows in various habitats, including disturbed areas and saline soils,
in deserts, plains, coastline, and other places. It is a fleshy annual plant, producing
several erect, ribbed stems 35 to 45 centimeters in maximum height. Although these
plants are considered as xerophytes, they might have also well adapted to saline
environments, since they are living in soils of high salinity levels [4].

Figure 3. Branches of Tetraena gatarense with the fleshy leaves and woody stems.

b.

Accelerated water absorption by water spenders: some plants can improve water
uptake and content under drought by producing extensive roots or intensive fibrous
root system to increase the active root surface area. Helianthemum lipii is a good example
of a plant species having roots growing in the deeper soil layers toward the water table
(Fig. 5). Also, some plants have high root / top ratio such as Cyperus conglomeratus (Fig.
2) which helps to cope with drought as mentioned before [15, 19, 26].

(C) Drought tolerance

Plants can tolerate drought (water stress) by two main mechanisms: (a) Dehydration

avoidance. (b) Dehydration tolerance. Plants living in the State of Qatar are resistant to
drought not only because of the morphological characteristics as avoidance mechanism, but
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also by osmotic adjustment [15, 39] through accumulation of substantial amounts of organic
and inorganic solutes like proline, glycinebetaine, sugars and inorganic ions to cope with
soil of severe water shortage [3, 40-42]. Plants such as Tetraena qatarense and Ochradenus
baccatus, are good examples of xerophytes having dehydration avoidance mechanism by
accumulating solutes to withstand severe water stress [4]. Dehydration tolerance
mechanism, on the other hand, includes some methods like avoidance of starvation strain by
stomatal opening at low Ww, uncoupling of photosynthesis from transpiration, low
respiration rate and other secondary mechanisms include: tolerance of starvation strain,
avoidance of protein loss, and tolerance of protein loss [15]. Understanding these secondary
mechanisms needs extensive and deep investigation in the plants covered in this review.

Figure 4. Oligomeris linifolia habit.
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Figure 5. Some plants have roots growing in the deeper soil layers toward the water table,
Helianthemum lipii.

3.2. Halophytic plants

Halophyte plants in Qatar are living near the coastal line, and in other inland areas like
Subkhas, including some species of the genera Anabasis, Arthrocnemum, Atriplex, Avicennia,
Halocnemum, Halopeplis, Limonium, Salsola, Seidlitzia, Suaeda and may be many others. These
plants have two main mechanisms to cope with saline environments: (a) Avoidance
mechanisms, (b) Tolerance mechanisms [9, 15, 26, 41, 43].

(a) Avoidance mechanisms

These mechanisms involve structural and physiological adaptations to minimize salt
concentrations in the cells or physiological exclusion by root membranes. Plants can use one
or more of the following secondary mechanisms to avoid salt stress at their environment:

exclusion, extrusion and dilution.

i

Exclusion mechanism: plants having such mechanism may exclude ions at different
locations along plant organs: (a) at the surface of the roots (b) between shoot system and
root system, and (c) between leaves and petioles or sheaths. The best example of
exclusion mechanism at the root surface was found in Date Palm trees (Phoenix
dactylefera), which seems excluding Na* and Cl- from the root, by having a barrier at the
root surface, since the uptake of Na* and Cl- was not proportional to the concentration
of these ions in the external solution. The efficiency of exclusion increases with
increasing salinity in the growth medium, and as a result, the accumulation of Na* and
Cl- in the tissue was not much greater at high than at low salinity levels, and there were
no visible symptoms of salt injury [15, 44]. Halophytes and may be many glycophytes
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exclude ions from leaves to stems or roots [20, 38]. Some reports [45] described the
avoidance mechanism in the mangroves (Avicennia marina), by retaining low internal
salinity in stems and leaves by means of salt excluding mechanisms in the roots. Leaves
of this plant are grey and hairy at the lower surface where most secretion occurs, while
the above surface is shiny green, glabrous with some salt glands. These salt glands play
significant role in the internal balance and regulation of ions [9, 46]. In glycophytes,
there are two examples from Mexican wheat plants, in which exclusion of Cl- ions to the
sheaths can be considered as a regulatory mechanism in these plants to avoid CI-
accumulation in the leaves. Also, salt sensitive cultivars, like Yecora, failed to exclude
Na* to the root systems as compared to salt resistant cultivars, like Cajeme, [22].
Moreover, salt exclusion may occur at the intracellular levels, and salt resistance can be
attributed to the maintenance of ions homeostasis in the cytoplasm [47].

ii. Salt extrusion: it is an active process to excrete extra salts from the epidermal hairs or
salt glands of leaves of some halophytes such as Limonium axillare and Atriplex spp.
Some specialized structures called salt glands or salt bladders are found in leaves of
those plants to regulate the extra salts inside the plant body [43]. Salt glands found in
Limonium axillare are composed of (4-10) cells which are entirely covered by cuticle
which seals the gland from the rest of the plant except for small gaps on the leaf
mesophyll side, salts are deposited on the leaf surface through holes on these glands,
and in mangroves (Avicennia marina), salts are excreted from the upper surface of leaves
[46], and the excreted solutions exceed the NaCl concentration of seawater of about 10
times [38, 45, 48]. Salt Bladders are found in Atriplex, which are comprised of two cells:
stalk cell and bladder cell [20, 49]. Salt glands are found also in many other halophytes
like Aeluropus lagopoides, Tamarix spp. and may be in other plant species [9, 50, 51]. These
salt glands could regulate the secretion of salts from leaves to keep their concentrations at
low levels and ultimately to maintain ion homeostasis in the plant body.

iii. Salt dilution: some halophytes can dilute the accumulated ions in plant tissues to keep
cytoplasmic salinity below toxic levels. Succulence is feature of the whole plant body or
may be confined to stems and / or leaves. These plants are considered as salt includers.
Some succulent halophytes living in Qatar include Halopeplis (Fig. 6), Suaeda (Fig. 7) and
Tetraena (Fig. 3). Halophytes having dilution mechanism are characterized by: (1)
thickening in leaves, (2) elongation of cells, (3) higher elasticity of cell wall, (4) smaller
relative surface areas, (5) decrease in extensive growth, and (6) high water content per
unit of surface areas [38, 52]. In fact, most halophytes accumulate inorganic ions that are
found in abundance in the environment like Na* and Cl, and such accumulation is
accompanied with a decline in K* content [41]. In addition to the ion accumulation and
succulence phenomenon, shedding of old salt-saturated leaves is found in plants having
dilution mechanism to avoid the damage caused by extra salt accumulation [53].

(b) Tolerance mechanisms

Osmoregulation or osmotic adjustment has been considered as a main secondary
mechanism to tolerate salt stress. Osmotic adjustment can be defined as maintenance of
positive water balance between soil environment and plant tissues, by lowering their plant
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Figure 7. Suaeda aegyptiaca shoots.
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water and solute potentials (Table 3). In halophytes, this mechanism involves physiological
and biochemical adaptations for maintaining protoplasmic viability as cells accumulate
inorganic ions mainly Na*, CI, followed by Ca?, K* and Mg?, and other organic solutes to
achieve osmotic adjustment [41, 46, 54]. However, these ions may be sequestered in vacuoles
leaving relatively low ions in the cytoplasm. Some authors [55] reported in their review that
crops including cereals tolerate NaCl by excluding Na* from the transpiration stream as well
as sequestration of Na* and CI in the vacuoles of root and leaf cells, and promote other
physiological processes like faster growth rates and longer duration by maintaining high
concentrations in K* despite the osmotic stress of the salt outside the roots [28, 56]. Organic
solutes like glycinebetaine, proline, sugars, polyols etc., may accumulate in the cytoplasm to
achieve osmotic balance inside the cells, and therefore play a pivotal role in plant cytoplasmic
osmotic adjustment. Thus, salt tolerance in these plants can be attributed mainly to the fact that
these plants accumulate low-molecular-mass organic compounds (compatible solutes) [57-60].

Salt stress of growth Osmotic potential of growth Roots Leaves
medium medium Cajeme|Yecora|Cajeme|Yecora
(NaCl, molm) (Ws, MPa)
0 -0.05 -0.50 | -0.49 | -0.92 | -0.98
50 -0.25 -062 | -0.62 | -1.17 | -1.27
100 -0.44 -0.72 | -0.69 | -1.46 | -1.51
150 -0.61 -0.80 | -0.74 | -1.85 | -1.86

Table 3. Osmotic adjustment (MPa) in two Mexican wheat cultivars exposed to salt stress [22].

These solutes, as non-toxic cytoplasmic osmotica, that play major roles in the physiology
and biochemistry of plant cells and have contributed in the process of osmotic adjustment,
maintaining turgor and hydration of cellular microstructures, as sources of some carbon and
nitrogen skeletons, and osmoprotectants [61, 62]. As osmoprotectants, these compounds
tend to be excluded from the hydration sphere of proteins and stabilizing the folded protein
structure [63-65], maintaining plasma membranes, protecting the transcriptional and
translational machineries and intervening in the process of refolding of enzymes as
molecular chaperones [66, 67]. Moreover, compatible compounds like proline and
glycinebetaine can induce the expression of certain stress-responsive genes, including those
for enzymes that scavenge reactive oxygen species [68].

4. Microorganisms associated with wild plants

Higher plants are normally colonized by microorganisms, which include bacteria, fungi,
algae or protozoa. Microorganisms interact with plants because plants offer a wide diversity
of habitats including the (a) phyllosphere (aerial plant part), (b) rhizosphere (zone of
influence of the root system), and (c) endosphere (internal transport system). Interactions of
epiphytes, rhizophytes or endophytes may be detrimental or beneficial for either the
microorganism or the plant, and may be classified as neutralism, commensalism, synergism,
mutualism, amensalism, competition or parasitism [69]. Symbiosis is a relationship that both
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microorganisms and plants get benefits, and nitrogen fixation and mycorhizae are good
examples of such relationships. The plant provides carbon materials to support the growth
of microorganisms, while the latter promote plant growth by enhancing minerals uptake e.g.
nitrogen and phosphorus (70). A mini review by [71], about the symbiosis relationship
between desert plants and Mycorrhizae, indicated that desert ecosystems were not different
from other ecosystems in the presence of mycorrhizae. These mycorrhizae might affect
nutrient acquisition such as P, N, Fe, Zn, K and others. They also increase plant adaptation
to abiotic stresses and some other stresses. Commensalism is another example that various
chemicals are secreted from various plant parts like roots and leaves to stimulate the growth
of microorganisms. Some other microorganisms can cause some diseases to plants, and this
happens when the natural defense systems of the plant are ineffective. In fact, plants may
limit microbial penetration by having a thick cell wall and other structural barriers like the
cuticle layer that restrict infection. Moreover, the defense system in the plant includes the
secretion of gums and some chemicals to limit the invasion of microorganisms [72]. The
following are some examples of microorganisms associated with various plants from the
Qatari environment and the perspectives of using these organisms to solve the outstanding
problems of health, economy and food security.

4.1. Mangrove

Qatar is home to Avicennia maring; it is known as the grey mangrove or white mangrove
trees, communities of which form several forests around Qatar shores. These mangrove
swamps are home to a wealth of life. The largest area of mangroves - and the oldest - can be
found around Al Thakhira and Al Khor. Other mangrove areas in Qatar originate from
fairly recent plantings by the government.

Decomposers play an important role in the cycling of material and the flow of energy
through an ecosystem. In the mangrove ecosystem, bacteria and fungi break down dead
organic matter, such as mangrove leaves. One teaspoon of mud from a mangrove forest is
estimated to contain 10 billion bacteria. These bacteria break down the leaf litter and provide
nutrients for the other organisms that live in the mangrove swamp [73, 74]. This forms the
basis of the food chain in the mangrove swamp. The nutritional value of the leaves is
increased by the work of decomposers. Mangrove ecosystems are an important natural
resource that should be protected. The detritus generated by the mangroves is the base of an
extensive food web that sustains numerous organisms of ecological and commercial
importance. Furthermore, mangrove ecosystems provide indispensable shelter and
nurturing sites for many marine organisms. The well-being of mangroves is dependent on
the diverse, and largely unexplored, microbial and faunal activities that transform and
recycle nutrients in the ecosystem. Conservation strategies for mangroves should consider
the ecosystem as a biological entity [75]. Despite numerous studies on the biogeography,
botany, zoology, ichthyology, environmental pollution, and economic impact of mangroves,
little is known about the activities of microbes in mangrove waters and sediments. An effort
must be made for further studies on microbial activities in mangrove ecosystems and their
impact on the productivity of the ecosystem.
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Various types of microorganisms are found around the mangrove habitats. For example,
diverse cyanobacterial communities reside on leaf, root litter, live roots, and often form
extensive mats on the surrounding sediments; many of these communities are capable of
fixing atmospheric nitrogen. Many genera widespread in these habitats including
Oscillatoria, Lyngbya, Phormidium and Microcoleusare, and as heterocystous genera,
Scytonemais common in some areas [76]. The filamentous cyanobacterium Microcoleus sp.was
isolated and inoculated on to young mangrove seedlings. Such cyanobacterial filaments
colonize the roots of mangrove by gradual production of biofilm [77]. Also, bacteria may
influence the mangrove ecosystem directly; they contribute inevitably in the recycling of
nutrients [78]. Many potential bacteria were isolated from mangrove ecosystem such as
nitrogen-fixers, phosphate solubilizers, photosynthetic anoxygenic sulfur bacteria,
methanogenic and methane oxidizing bacteria, which are involved in efficient nutrient
recycling [79]. Also bacteria and fungi that either produce antibiotics [80, 81] or resistant to
antibiotics were isolated from mangrove ecosystem [82, 83].

4.2. Halophytes

Salt-tolerant microorganisms can grow in habitats containing high concentrations of salts.
The natural environments for salt-tolerant microbes may be similar to those of the
halophytic angiosperms. The chemical analysis of the materials excreted by the epidermal
glands of halophytes revealed the presence of mineral elements and some organic
compounds, such substances might be a source of nutrition to the microorganisms living on
the plant body [84]. A study on the desert plants of Egypt [85] indicated that the fungal
species inhabiting the surface of senescent leaves of the succulent halophyte Zygophyllum
album L. appeared to be adapted to stressful conditions of their microhabitats, namely high
convective heat, dry conditions and high salt content of their leachates. In the study of [84]
on some halophyte species growing at the Qatar North East coast showed that the total
bacterial count in the rhizosphere was higher than in the non-rhizosphere soil. Moreover,
the bacterial counts in the soil supporting the plant species of the coastal zone were higher
than those in the soil of the inland zones. Also, Gram- positive cocci predominated in the
isolates from rhizosphere and non-rhizosphere soil, and the isolates with white colonies
color predominated in the rhizosphere than from phyllosphere since low colonization of
bacterial cells were found on the aerial parts that have high contents of mineral ions due to
the activity of salt glands in most Halophytes. Also, the bacterial counts were higher on the
green parts of the plant than on the senescent parts, since the latter might have accumulated
high concentrations of mineral ions as a mechanism to exclude salt to the aged parts of the
plants compared to the growing ones. Moreover, the phyllosphere of the green and
senescing parts were characterized by the predominance of Gram-positive bacilli and by the
low percentage of isolates producing colored colonies. The general conclusion that can
drawn from various published studies that soil environment and phyllosphere of
halophytes support the growth of bacteria which seemed to have various mechanisms to
deal with the harsh environments like salt marshes and sabkhas. In fact, bacteria are the
most abundant inhabitants of the phyllosphere and the most colonists of leaves. On the
other hand, the bacterial flora of the above ground differs substantially from that at the
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subterranean plant surfaces. For example, the pigmented bacteria which are rarely found in
the rhizosphere, and laminate leaf surfaces and solar radiation affect the ecology of the
phyllosphere and promote bacteria to produce pigments as sun screen and will not damage
the cell components. There are two general strategies for osmo-adaptation of prokaryotes
like bacteria under osmotic stress conditions: (1) accumulation of inorganic ions, and (2)
accumulation of low molecular weight organic molecules. In the first strategy, osmotic
equilibrium is maintained which involves the selective influx of potassium (K*) and chloride
(Cl) into the cytoplasm. The extremely halophilic archaea of the family Halobacteriaceae and
the bacterium Salinibacter ruber as well as the moderately halophilc bacteria of the order
Haloanaerobiales accumulate enormous quantities of K* and Cl-. The second strategy of osmo-
adaptation, on the other hand, involves the accumulation of a limited range of low-
molecular-weight organic solutes. These include many compounds which are called
compatible solutes including amino acids like proline, glycinebetaine, simple sugars,
polyols, and their derivatives. Some microorganisms, such as hyper/thermophiles, utilize a
combination of both strategies by accumulating negatively charged compatible solutes [86]
and potassium. Great deals of attention have been paid to proline and glycinebetaine as
compatible solutes accumulated as a result of salt or water stress. Relatively few prokaryotes
are capable of de novo synthesis of these compounds. The intracellular concentrations of
these solutes can be regulated in accordance with the external salt concentration, provide
microorganisms with a large degree of flexibility and the possibility to adapt to a wide range
of salt concentrations. However, energetically the production of massive amounts of such
solutes can be costly.

4.3. Prosopis cineraria

Prosopis cineraria is the only species that grow rarely in desert of Qatar. The genus Prosopis
contains around 45 species of spiny trees and shrubs found in the subtropical regions of
Americas, Africa, Western Asia, and South Asia. They often thrive in arid soil and are
resistant to drought, on occasion developing extremely deep root systems. The microbiology
analyses of P. cineraria trees in Qatar [87] showed that the bark was colonized by large
number of bacteria as compared to the leaves. Gram- positive cocci and spore forming bacilli
bacteria are characterized by thick cell wall that is comprised of peptidoglycan (amino acid
polypeptide and a sugar), and the isolated bacilli genus were spore forming that can be
survive in hot, dry conditions, and high irradiation with limited damage to the cell. These
are the most dominant epiphytic form on both leaves and bark. The pigmented bacteria, red
yellow, and orange, were isolated from leaves and bark which exposed to long duration of
light, that pigments well keep the bacterial cells undamaged and resistant to irradiation. The
observed high content of organic matter, soil nutrients, clay and moisture in the sub-canopy
locations of P. cineraria trees significantly affect the richness of the below canopy sites [87].
The bacterial soil populations in the rhizosphere are higher than the non-rhizosphere sits
and the lowest bacterial count occurred in the outer canopy soil. Moreover, the presence of
plant litter, animal droppings together with the already existed soil chemical nutrients in the
sub canopy positions of P. cinerearea trees possibly increase the enrichment of these patches.
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Orne of the best documented spatial patterns of nutrient distributions in arid and semiarid
ecosystems are the "islands of fertility" associated with shrubs and trees [88].

The components of rhizosphere system which include microorganisms, plant and soil
interact with each other in a way so that the rhizosphere is distinguished from the bulk of
the remaining soil. The activity of root microorganisms is affected by soil environmental
factors or by environmental factors operating indirectly through the plant. Moreover, root
microorganisms can affect the plant and plant nutrient uptake, directly by colonizing the
root and modifying the soil environment around the root. Bacterial growth is stimulated by
a vast range of organic materials released from plant roots, which include carbohydrates,
vitamins, amino acids and enzymes. Organic acids and lipids reduce the pH of the
rhizosphere and also have a role in the chelation of metals [89]. However, direct benefit to
the plant growth is not easy to demonstrate but the activities essential to plant growth,
including mineralization and nitrogen fixation by free-living bacteria are concentrated in
the rhizosphere. Miscellaneous compounds including volatile substances can physiologically
stimulate or inhibit organisms. There are many factors affecting the release of organic
compounds include plant species and cultivars, age and stage of plant development, light
intensity and temperatures, soil factors, plant nutrients, plant injury, and soil microorganisms.
Factors such as light, moisture, and temperature can all cause changes in plant metabolism and
the rhizosphere effect. In summary, rhizosphere populations are dependent on many diverse
interacting factors. In heavy textured soils oxygen become limiting, resulting in reduced
rhizosphere populations compared to the coarse-textured soils.

5. Microorganisms and the outstanding problems

Modern and innovative approaches to solve the problems facing mankind of health,
economy and food security rely mainly on living organisms that can be grown and breed
easily in the lab. Great achievements in the biotechnology have been accomplished using
microorganisms like bacteria, fungi and viruses. For example, Rhizobium has been used as
bio-fertilizer, mycorhizae were used to promote the plant growth by uptake minerals from
soil, Bacillus thuringiensis is to control the pest, Ti plasmid of Agrobacterium in genetic
engineering and the field is opined for more molecules and compounds (proteins, enzymes,
UV-absorbents, etc) extracted from those microorganisms that are adapted to survive the
hostile environmental in the Gulf region. Also, in Qatar there have been a large number of
bacteria strains that have been isolated from soils and being tested against different
pathogens affecting economic plants (data not published). Such approach might be a good
alternative to the classic one of using chemicals. B. thuringiensis strains are aerobic, Gram-
positive found broadly distributed in the Qatari soil; produce a protein that has been used to
control insect population. Another challenge to make clean environment in Qatar,
bioremediation is being tested in Qatar to degrade and remove contaminants from
wastewater and soil. Bioremediation processes rely mainly on the activity of those
microorganisms to get rid of organic pollutants including polycyclic aromatic hydrocarbons
(PAHs). This topic will be discussed latter with phytoremediation of contaminated soils and
waters. In Qatar, information about the organic degrading bacteria from soil are scarce.
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However, some recent serious works have identified some of these bacteria from different
Qatari polluted soils using modern techniques [90, 91]. Bioremediation has obvious
advantages over physicochemical remediation methods due to several merits: cost-effective,
convenient, complete degradation of organic pollutants and no collateral destruction of the site
material or its indigenous flora and fauna. Nutrients such as nitrogen and phosphorus can be
added to the soil to improve the effectiveness of land farming alone. These nutrients can boost
the population of naturally occurring microbes. Numerous soil bacteria, including
Pseudomonas sp. have the ability to degrade organic contaminants so some remediation will
occur. Even with this augmentation, however, larger and more recalcitrant compounds
generally are not remediating at satisfactory rates. The concept of using plants for remediation
of organic pollutants emerged a few decades ago with the recognition that plants were capable
of metabolizing many toxic compounds. There are many studies suggesting the usefulness of
plant-microbe systems in the bioremediation of residual chemicals [92-95]. The presence of
Plant growth-promoting rhizobacteria (PGPR) in rhizosphere can enable plants to achieve high
levels of biomass in contaminated soils despite extreme conditions. Generally, PGPR function
in three different ways: (i) by synthesizing particular compounds for the plants, (ii) facilitating
the uptake of certain nutrients from the environment and (iii) preventing the plants from
diseases [96]. The common traits of growth promotion includes production or changes in the
concentration of plant hormones such as auxin, gibberellins, cytokinins and ethylene [95].
Bioaugmentation is a method to improve degradation and enhance the transformation rate of
xenobiotics by the seeding of specific microbes, able to degrade the xenobiotics of interest.
Extensive degradation of petroleum pollutants generally is accomplished by mixed microbial
populations, rather than single microbial species. Many microbes are described to have the
genetic tools to mineralize recalcitrant pollutants such as PAHs, chlorinated aliphatics and
aromatics, nitroaromatics and long-chain alkanes. These microbes can be wild-type isolates
and genetically modified strains equipped with catabolic plasmids, containing the relevant
degradation genes [93, 94].

5.1. Restoration of habitats

Many habitats are disappearing from several locations in the Gulf region in general and in the
State of Qatar in particular, with the completion of constructions and urban development due
to the great expansion caused by the establishment of infrastructure of the extraction and
industry of oil and gas [4, 97]. Also, cconsiderable achievements being accomplished in Qatar
in the development of land and establishment of roads, high ways, new buildings and many
facilities as preparations to host major political, sport and social activities in the next decade. In
fact, during the last decade and with the beginning of these developments, many reports and
studies have warned the decision makers and scientists that the natural wildlife in the Gulf
area is at real risk and facing serious threat due to the human and industrial activities [41, 46,
98]. Such threat and damage to the environment could be deepened if these activities and
industrial constructions are not coupled by any studies on habitat destruction, fragmentation
or disturbances, and restoration and conservation measures to maintain the natural habitats.
There is fear that before knowledge is obtained on the flora and fauna and their
ecophysiological aspects, these habitats will be lost. Therefore, some serious measures should
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be taken urgently including vegetation maps and monitoring exercises to document the state
of the vegetation [99]. Such efforts should include ecophysiological aspects of the wild life, as
prerequisite for ecological restoration [5, 100].

Looking at the changes in Doha, many habitats in this city are being demolished and / or
threatened with the completion of construction of new buildings and facilities to comply
with the great expansions in the industrial and urban sectors and responsibilities of hosting
a number of activities in the coming years. These changes that are taking place at the coastal
areas and inland as well; are lacking appropriate impact assessment and restoration plans
[98]. One example of these changes is well demonstrated in a location near Qatar University,
the details of changes were discussed in some reports and papers [41]. Restoration of
endangered habitats is urgently required to maintain and sustain wild life since many
scientists and decision makers in the State of Qatar are aware of the serious threats facing
the natural habitats especially at the coastal line and other parts of inland areas [4, 97]. Such
threats had been neglected for long period of times in the past, and there is growing worries
about the diminishing natural sources of land and good quality water for agriculture and
the scanty seasonal rains as well as all types of wild life. It would be very useful for the local
authorities to take the initiatives to avoiding the consequences of putting the environment at
real risk due to these changes in all sectors of life in the State of Qatar. Therefore, successful
ecological restoration and maintaining healthy environment are based on the following
main principles: (1) Information, (2) Problems, (3) Plans, (4) Solutions, (5) Monitoring.

5.2. Information

Successful restoration programs need information about the environment and wildlife
which includes inventory of fauna, flora and microorganisms, their morphological
characteristics and the mechanisms of adaptation. In Qatar, there has been cconsiderable
information documented in a number of publications covering the above topics [2, 5, 6, 10,
101-106]. Recording and documenting the existing wild life and their ecophysiology in their
natural habitats have been considered as a first important step toward conducting successful
ecological restoration. For example, Ecology and Flora of Qatar, a monograph written by
Batanouny [6], covered the ecological features of Qatar, the landforms, the prevailing
climatic conditions, soils and resources and their effects on the plant life, description of the
vegetation and the widespread plant communities, and the flora of Qatar which includes
description of 301 species. Another monograph worth to be reported here prepared by
Abulfatih and his colleagues [5]: Vegetation of Qatar, which recorded the state of the plant
communities and ecosystems in the state of Qatar especially at the locations of oil and gas
industry. Such efforts were considered essential for monitoring the future state of natural
habitats and very valuable to biologists, environmentalists, naturalists, agriculturists as well
as the decision makers and planners. Other published works, worth to be mentioned here,
covered various topics of wild plants, horticultural plants, fungi and algae and their
chemical constituents [2, 9, 98, 102, 104, 106-109].

During the last ten years some studies on the ecophysiology of wild plants in Qatar have
shown that soil texture ranged between sandy to silty loam at the coastal line, while inland
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soils were sandy to sandy clay loam. The soils are dry, alkaline and highly saline, ECe
ranged between 4 to 200 dSm, and the most abundant ions in these soils and plants living
in these soils are Na* and CI- followed by K*, Ca?, and Mg?. Most plant species are
halophytes, undershrubs and succulents, with xerophytes due inland around Doha [3, 41,
46]. Halophytes did not accumulate much proline, soluble nitrogen and photosynthetic
pigments, however, xerophytes do contain much of these organic components [4].

5.3. Problems

Recognition of the problems facing human life in all aspects, like economy, agriculture,
health and wild life has been considered as the first step to successful scientific solution
programs to tackle these problems. The problems facing the wild life in the State of Qatar
can be summarized as follows: (1) harsh environment in terms of drought, salinity and high
temperatures have great impact on the agricultural economy and the plant wild life.
Changes in the climate, evaporation of water due to extreme high temperatures and scarcity
of rainfall, and the intrusion of seawater into the underground water are the main reasons
behind such problems. Irrigation of crops in the Gulf region faces serious challenges because
of limited water supply of good quality suitable for normal plant growth. Moreover, large
areas of the Qatari land are suitable for agricultural purposes; however, these areas are not
only suffering from water shortage but also facing a problem of continuous increasing
salanization. Soil salinity reached levels that inhibit the growth and yield of most crop
plants, (2) disappearance of many coastal and inland habitats due to enormous urban
constructions in various areas especially in Doha city which are accompanied with
industrial expansions is putting the environment at risk, threatening ecosystem services and
biological diversity, (3) wastewater accumulation at the outskirts of Doha and other towns
due to the industrial activities of gas and oil could have great impact on the human and wild
life. Pollution caused by heavy metals and organic hydrocarbons of the wastewater may
cause real threats to many sectors of economy, agriculture, health and wild life.

5.4. Plans

Scientists have paid great deal of attention to the problems facing the mankind after
considerable technological progresses to provide effective solutions to those problems. In
the State of Qatar, there is a widespread perception among scientists and officials about the
hazardous effects of pollutants resulted from accumulation of wastewater produced during
gas and oil industrialization. Many serious measures have been taken in eliminating or
reducing the adverse impact of those activities through a number of regulations to support
scientific researches about the consequences of the loss of many natural habitats as well as
the accumulation of organic and inorganic pollutants. For example, gas companies have
pledged to the Supreme Council for Environmental Nature Reserve (SCENR) to implement
Environmental Impact Assessment (EIA) for any plan to change the natural habitats. EIA is
defined as a process of evaluating the impact and consequences of a project on various
aspects of human life in both beneficial and adverse. Two main types of research to restore
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and conserve endangered habitats in Qatar can be conducted: (1) restoration of habitats, (2)
bioremediation of contaminated soils, water and air. Various types of organisms can be used
like bacteria, fungi and plants. A process of using plants to remove contaminants from soils
is called phytoremediation; which will be discussed below.

5.5. Solutions

Solutions of the environmental problems lie always in hands of scientists, the decision
makers and the public. Using scientific approaches to solve the environmental problems to
minimize the consequences of the new developments in the Gulf region have been strongly
suggested, active and serious efforts should start with the recording and documenting the
existing wildlife including plants and their ecophysiology under their natural habitats. Such
efforts can be considered as a prerequisite for successful ecological restoration [4, 9, 41, 98].
On the other hand, it would be very useful for the local authorities and the decision makers
to take the initiatives to maintain the environment and solve the problems and easing the
difficulties facing such efforts by: (1) implementing plans for restoration, (2) creating nature
reserves to preserve the flora and fauna, (3) imposing laws that enforce the Environmental
Impact Assessment (EIA) on oil and gas companies for any plans to change the natural
habitats, (4) consulting research centers prior to any future construction plans, and, (5)
activating scientific research for gene manipulation to maintain native plants. Halophytes
and xerophytes living in these areas can be considered as good sources of salt-resistant
and/or drought resistant traits from which genes can be transferred to crop plants [3, 9, 41,
97, 110]. The public, on the other hand, is the beneficiary or the victim of any environmental
changes, and all the developments in all life sectors are reflected on this party. Therefore, to
improve the awareness of conservation of natural habitats, educational materials should be
enriched by various means like conferences, meetings, workshops, visits to some sites, as
well as providing magazines, posters, pamphlets, films and videos.

5.6. Monitoring

Monitoring has been defined as collecting and analyzing of data to make the required and
appropriate assessments of the performance success at various scales. In this concept such
assessment might include modifications in the plans to conduct active amendments to
solve the emerged problems and to build long-term public support to protect and restore
habitats. All these efforts should be forwarded to the decision makers to take the
appropriate measures. Thus, after the completion of environmental restoration, the
establishment of long-term monitoring and resolving the arisen problems during that
period. Supplement plans should be developed and ready for implementation to solve
those emerged problems.

5.7. Case study of habitat restoration

The above five principles can be implemented in every successful ecological restoration
plan, and the consecutive steps can be summarized as follows:
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(A) Pre-Restoration process: (1) describe the current condition of ecological resources, (2)
use the possible methods to describe the history of the site, (3) review the literature and visit
the site to hypothesize how the original system of the site worked, (4) determine the
objectives of the restoration and specify the condition of the site in the future.

(B) The Restoration process: (1) develop and implement the plan to achieve the objectives,
this includes identification of the schedule tasks, adopt the methods, estimate the cost and
labour, and begin the restoration work, (2) monitor the steps of the implementation plan to
assess the success of restoration.

(C) Post-Restoration process: (1) prepare reports and evaluate the success periodically, (2)
revise the plan and make the possible modifications to achieve the restoration objectives, (3)
make education efforts to exploit the success of the restoration process.

In Qatar, little works have been done concerning the restoration of endangered habitats.
However, a pioneer project to restore part of the coastal vegetation habitat was carried out
during pipeline installation at Ras Laffan area. The details of this project can be found in the
report of Al-Ansi and his colleagues [98], and was considered as a successful attempt to
restore part of the coastal habitat. There are many reasons behind such success: (1) this
project was a simple and inexpensive method to restore the vegetation, (2) the phases were
implemented according to the plan, (3) in the pre-construction phase, the site was surveyed
and the existing topography, vegetation density, floristic composition, and wildlife were
recorded and documented in detail, (4) mitigation procedures were developed to minimize
the impact of the construction activities in the project site, (5) tracking was undertaken to
follow the progress of construction in the site, (6) after completing the construction, the
project site was re-visited to ensure that the top soil was returned to its original position,
and (7) the project site was inspected to monitor the restoration and growth of coastal
vegetation.

6. Phytoremediation of contaminants

Contaminants enter into the environment in various ways, including direct leak or through
accidents during transport or during waste disposal from storage sites or industrial facilities
[111, 112]. Bioremediation process has been adopted as effective technique to remove,
transfer, degrade and immobilize various types of pollutants from soil and ground water
using living organisms including bacteria, algae and fungi. The term phytoremediation then
used to refer to such process when plants and their associated microbes are used for
environmental cleanup to deal with the organic and inorganic contaminants without the
need to excavate them and dispose them elsewhere. The problems of contamination as a
consequence of human and industrial activities are increasing. High levels of contaminants
might have accumulated in the soil and urban areas near oil and gas facilities which cause a
lot of damage to the environment and ecosystem. Most of the environmental contaminants
are chemical of both organic and inorganic origins. Different phytoremediation mechanisms
and methods have been recognized. The details of these processes can be found in many
published reports and papers [113-117]. Phytoremediation is not a new technique to remove
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heavy metals or organic compounds from wastewater or contaminated soil. About 300 years
ago some plants like Thlaspi caerulescens and Viola calaminaria were reported to accumulate high
concentrations of heavy metals [118-120]. In the twentieth century, these efforts continued to
add more plants that have the potential in removing toxic metals and organic compounds
from soil and water. Many benefits have been reported of phytoremediation as compared to
the conventional methods as follows: (1) less invasive and destructive, (2) less costs, (3)
promote the biodiversity and enhance the restoration of the damaged habitats, (4) improve the
environment components of water, soil and air, (5) reduce erosion by micrometeorological
factors, (6) improve the general social life such as providing shade to buildings, decreasing
energy consumption and reducing the carbon emitted from many sources [121].

Concerning the plant species growing in the State of Qatar that have been used in many
studies of phytoremediation of pollutants from soils and waters elsewhere of the world
included: (1) Typha domingensis Pers.: this plant has been used in phytoremediation studies
to remove heavy metals from industrial wastewater and solution cultures [122, 123], (2)
Phragmites australis: this species has been used in the phytoremediation of petroleum-
polluted soils in China [11, 124], (3) Brassicaceae: members of this family are very important
in phytoremediation of heavy metals [125-127], (4) Juncus rigidus Desf. members of the
family Juncaceae might be used in the phytoremediation of contaminated soils [128], (5)
Tamarix spp.: species of this genus had been used to produce wood by growing them in arid
lands and irrigated them with salty effluent from desalinization plants or with recycled
sewage [129], (6) Prosopis Juliflora: this tree can be used in phytoremediation of heavy metals
[130, 131], (7) Medicago spp.: species of this genus like Medicago sativa have been used in
phytoremediation of soil polluted with petroleum compounds [113]. Both species Medicago
laciniata and medicago polymorpha are found within the flora of Qatar, and can be tested as an
option in the phytoremediation, and (8) Glycine max has been successfully used in removing
toxic petroleum products from contaminated soil [132]. More investigations are needed to
increase the list of native plants that are efficient in removing pollutants from soil and water
as expansion in the oil and gas industry and other human activities increased in the coming
years. In Qatar, some serious research projects are being conducted to test some native
plants to clean up soils and wastewater from organic and inorganic contaminants.
Bioremediation (phytoremediation) processes have been considered as necessary and first
step in successful ecological restoration of polluted habitats [133, 134].

7. Genetic approach

Since 1980 there have been serious and strenuous efforts by many scientists and researchers
to develop crops with high resistance to the environmental stresses especially salinity and
drought [135]. Since then great deal of achievements have been accomplished to identify
many plants having some morphological, physiological and biochemical characteristics
associated with the resistance to these abiotic stresses. Among these plants are wild plants
and local varieties of some crops such as wheat, barley, rice and tomato [60, 136-144]. In
Qatar and other Gulf States, native plants like halophytes and xerophytes deserve special
attention, in addition to their economic and medicinal importance [106, 145], they could
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address important issues in biology and offer unique genetic pools to be used for gene
technology programs leading to yield improvement of various crops under severe
environmental stresses. Recent studies have concentrated on the native plants and to
identify their critical salt or drought tolerance traits that could potentially be used in
improving agricultural crops. Some reports [146] have compared Arabidopsis thaliana with 11
wild relatives in response to salinity. Major differences in some physiological traits
including growth, water transport and ion accumulation were found, these differences can
be exploited in the genetics of salt stress studies. Modern techniques that have been adopted
to increase the resistance of crop plants to drought and salinity, including technologies of
molecular biology, genetic engineering and tissue culture, have fruited in establishing solid
basics to face the future challenges in the question of global food security [55, 110, 147-150].

Moreover, hopes are still in the minds of the decision makers and scientists to exploit the
genetic bank in wild plants and / or genetically engineered plants to clean contaminated
environments, and to deal with the pollution problems that arose due to the human
activities and after the expansion in the industrial and urban sectors [151]. Striking successes
have been achieved using genetic manipulation to improve the phytoremediation methods
to remove pollutants from the environment as a step leading to the restoration of habitats
[127]. Some reports [152] have indicated that using genetic engineering techniques is
possible to improve some physiological characteristics in plants like uptake, transport,
accumulation and tolerance of metals; such efforts could lead to create and develop
transgenic plants have the ability to remove heavy metals from the growth medium. Thus,
efforts using modern techniques and the identification of potentially genes for
transformation of target plants could be promising approaches in improving the efficiency
of these plants in the phytoremediation of contaminated environments. Some novel works
worth to be mentioned here, some researchers [153] used chloroplast transformation to
enhance the capacity of tobacco (Nicotiana tabacum) plant for mercury (Hg)
phytoremediation, such technique may also have application to other metals that affect
chloroplast function. Also, [128] have reported that wetland grasses and grass-like monocots
can be changed genetically to improve their remediation potential. Plant species involved in
these efforts are among those monocots genera in various families such as Poaceae,
Cyperaceae, Juncaceae, and Typhaceae. Fulekar and his collaborators [154] have reported
that plants such as Populus angustifolia, Nicotiana tabacum and Silene cucubalis have been
genetically engineered to provide enhanced heavy metal accumulation characteristic as
compared to the corresponding wild type plants. Other efforts in breeding plants having high
biomass production and superior phytoremediation potential were considered as an
alternative approach to deal with contaminants. The general productivity of plants is
controlled by many genes, and genetic engineering techniques to implant more efficient
accumulator gene into other plants have been suggested by many authors [115, 155]. Recently,
some authors [156] in their review have concluded that transgenic plants and associated
bacteria bring hope for a broader and more efficient application of phytoremediation for the
treatment of organic compounds like polychlorinated biophenyls (PCBs). Genetic modification
of plants may improve some phytoremediation mechanisms like phytoextraction,
phytotransformation, etc, and also improve the bacterial efficiency in biodegradation of those
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organic compounds (rhizoremediation). The application of gene manipulation and the use of
native plants that are metal tolerant and /or efficient in absorption and degradation of organic
compounds should be accelerated and transferred from the experimental level to the field
[157].

8. Conclusions

The ecophysiological studies of native plants that are adapted to various extreme
environmental conditions like drought, salinity, high temperatures and contaminated
environments are prerequisite to tackle the current problems facing mankind like food
security, pollution and the endangered habitats. The State of Qatar and other Gulf States
might have the preference over many other countries in the world to be leaders in the
technological research to address the problems of restoration, phytoremediation and
modern biological issues to deal with harsh environments. Being an Arab Gulf State, there
are three basic elements to deal with the above problems: (1) the superior financial status
which comes from the revenues of oil and gas industry, (2) the strong-willed of the scientists
and decision makers. The universities in Qatar and other Gulf States and many established
research centers have engaged and started actively with modern research to address various
environmental problems, (3) the current native plants living in the Gulf States could be a
good choice in the phytoremediation methods, and also might be good resources of traits
from which genes can be manipulated and transferred to crop plants, or to develop efficient
transgenic native plants in the phytoremediation processes of contaminated soil and water.
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1. Introduction

Estimates of water use by plants are becoming increasingly important to forest science.
Researchers apply water use estimates to predict the control of canopy conductance and
transpiration [14, 26, 46], where this information is useful to help troubleshooting the water
resources management [37, 24, 32], the role of transpiration in native forests [3] and to quantify
the demand for water in short rotation forests and in plantations of Eucalyptus sp [10, 40, 41].

The growth and development of plants is a consequence of several physiological processes
controlled by environmental conditions and genetic characteristics of each plant species.
Therefore, in order to better understand the growth, development and hydrological impact
of a Eucalyptus plantation, it is necessary to know the factors that control water use. Great
efforts come up in order to investigate the contribution of water balance components in the
productivity of eucalyptus, with the need to integrate the effects of climate and management
practices on the production of wood from planted forests of Eucalyptus.

Process-based models consist in evidence-based relationships, which necessarily contain a
relation of cause and effect, whether physical or biological [42]. A fundamental aspect of
ecological processes is that they are affected by spatial and temporal dimensions. In spatial
terms, for example, measurements made on a leaf in terms of net primary productivity, can
not be extrapolated directly to the tree’s canopy , because for this extrapolation is necessary
knowledge about the distribution of the canopy, the arrangement of leaves, availability of
soil water and others. Likewise, the extrapolation to the forest and the ecosystem needs
information previously dispensable in smaller scales. This notion of scales and their

I NT EC H © 2013 Tonello and Filho,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.



72 Agricultural Chemistry

extrapolations are essential to avoid mistaken views and phenomena in a certain scale for
larger or smaller scales. As the scale is broaden, more interactions occur between the
growing number of compartments of the system, making it more difficult and laborious to
study the cause-effect relationships from models based on processes.

Thus, this study aims to describe the ecophysiological behavior of Eucalyptus grandis x
Eucalyptus urophylla at the leaf level in association with environmental variables in three
stages of development, in order to provide subsidies for the development of models that
can predict the ecophysiological responses of a lower scale and its extrapolation to a
larger scale.

2. Determining the scales

For a description and quantification on the water flow of Eucalyptus grandis x Eucalyptus
urophylla, in order to integrate information on the leaf scale from lower scales to a larger
scale, the study was conducted in three different ages (scales) of different plant
development, known as: pot, plot and watershed. For each scale, the seedlings of Eucalyptus
grandis x Eucalyptus urophylla were produced by the method of mini-cuttings in plastic tubes
in the clonal nursery. Within approximately 120 days, when they reached the conditions for
dispatch to the field, were destined for planting in:

Pot Scale: The seedlings were transported to the experimental field of School Agricultural
Engineering, University of Campinas - FEAGRI / UNICAMP and transplanted to pots of 100
dm? (Figure 1a). These pots had circular holes in their sides and bottom, in order to allow
better root aeration and drainage of excess water. The substrate was composed of
vermiculite, coconut fiber and rice hulls. The ecophysiological study began 120 days after
pot planting and measurements of transpiration, stomatal conductance, leaf water potential,
photosynthetic active radiation and atmospheric vapor pressure deficit were carried out
from February 2007 to June 2008.

Plot Scale: The seedlings were transferred to the experimental area of FEAGRI/UNICAMP
and planted at 3 x 2 m spacing forming a clonal population. The predominant soil of the
experimental area is classified as typical dystroferric Hapludox [9]. The ecophysiological
study began at 240 days after planting (Figure 1b) and to assist data acquisition it was
necessary to implant a measurement tower of 3 meters in height disposed between the crop
rows to reach the treetops. The ecophysiological monitoring of transpiration, stomatal
conductance, leaf water potential, photosynthetic active radiation and atmospheric vapor
pressure deficit was conducted from January to July 2008.

Watershed Scale: The study was conducted at Santa Marta Farm, located in the Igarata, Sao
Paulo State. The geomorphological division of the State of Sao Paulo, according to the
Institute for Technological Research [16], the study area is located in the Atlantic plateau
that is characterized as a highland region, consisting predominantly of Precambrian
crystalline rocks, cut by basic intrusive and alkaline Mesozoic-Tertiary rocks. The relief of
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the watershed is called a relief of hills, dominated local amplitude 100-300 m and slopes of
medium to high - above 15%, with high drainage density, closed to open valleys and alluvial
plains inland restricted [16]. The soil of the plot of interest is the type Tb dystrophic
Cambisol, Oxisols with clay. For monitoring the ecophysiological behavior, measurements
were carried out in a stand of Eucalyptus grandis x Eucalyptus urophylla, 60 months after

planting in 3 x 2 m spacing with the aid of a platform lift with a range of 18 meters in height
(Figure 1c). Monitoring ecophysiological transpiration, stomatal conductance, leaf water
potential, photosynthetic active radiation and vapor pressure deficit atmospheric were held
throughout the month of August 2008.

(b)
Figure 1. Scales: (a) Pot scale, (b) Plot scale and (c) Watershed scale: lift platform for observation of the
variables used in ecophysiological clonal plantations of Santa Marta Farm, Igarata-SP, Brazil.

2.1. Ecophysiological variables

The observations of water availability in the soil were performed by measuring predawn
leaf water potential (Wpd) using a Scholander pressure chamber [38], model 3035 (Soil
Moisture Equipment Corp.., USA) before sunrise in healthy leaves fully expanded.
According to [45], Wpd maintains a balanced relationship with the substrate’s water
potential, due to low rates of transpiration by plants presented overnight. To do so, four
branches per seedling (on pot scale) or tree (on plot and watershed scales) were collected
simultaneously. The measurements were carried out immediately after material collection.

Physiological measurements of transpiration (E) and stomatal conductance (Gs) were made
by infrared gas analyzer (IRGA) LC-PRO + (ADC bioscientific Ltda., UK). For this end, four
randomly and fully expanded healthy leaves for each individual seedlings/tree were chosen.
The readings were held at hourly intervals throughout the day in the period from 8:00 am to
5:00 pm.

2.2. Environmental variables

Environmental variables such as photosynthetically active radiation and vapor pressure
deficit of the atmosphere were chosen to correlate with the E and Gs. The PAR on the leaf
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surface (Qleaf) was determined simultaneously with measurements of ecophysiological
variables, using the sensor coupled to the chamber of porometers, always disposed
perpendicularly to incident sunlight on the leaf surface throughout each workday.

Additional data on air temperature and relative air humidity of the specific measurement
days were obtained from an automatic weather station Campbell Scientific Inc. installed at
the study site for each rating scale. This information was used to calculate the vapor
pressure deficit of the atmosphere (VPD), as follows [30]:

VPD = es — ea, kPa (1)

The saturation of vapor pressure (es) was calculated using the following equation:

es = 0.6108 * 10777/ 273+ Tor ypy )
Tar = air temperature, ° C

The partial vapor pressure (ea) was obtained by the following equation:
ea = RH * es/100, kPa 3)

RH = relative humidity of the place, %.

2.3. Ecophysiological models and Scaling up
Structuring the ecophysiological model in the pot scale

The scaling up of information measured on the pot scale was performed by applying the
ecophysiological model used by [45] in order to simulate the E and Gs according to Qleaf,
VPD and Wpa considering the hourly time scale of the period of study. Thus, follows the
equation:

E =f(¥,,, Qleaf, VPD) ()

pd’

Gs = f(¥,,, Qleaf, VPD) )

pd’

The models that relate the E and Gs (dependent variables) and environmental variables
Qleaf VPD (independent variables) will be:

E =B, *Qleaf? + p,"*Qleaf (6)
Gs =B, * Qleaf? + p,"*Qleaf @)
E =p,*VPD? + f,"*VPD (8)

Gs = B,*InVPD +p,’ 9)
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Where: E - leaf transpiration (mmol m?2s?); Gs - leaf stomatal conductance (mol m?s");
Qleaf - photosynthetic active radiation (umol m?s'), VPD - vapor pressure deficit of the
atmosphere (kPa), B1, B2, 3, Ps e 1, B2, P3’, p4” = coefficients to be explained for each scale
and model.

Ecophysiological model calibration from pot to plot

The adjustment of the ecophysiological model developed at the pot scale was given by the
angular coefficient k, obtained by the ratio between the equations generated for the pot and
plot scale, thus being:

- E: Scaling up from pot to plot (Er ')
k=E,/E, (10)

E, =Ep* k (11)

Where: Ev —equation E= f (Qleaf or VPD) on the pot scale; Ep - equation E = f (Qleaf or VPD) to
plot scale; Ep'-adjusted equation of scaling up of E = f (or Qleaf VPD) from pot to plot by the
angular coefficient of the model (k) to be specified for each scaling up.

- Gs: Scaling up from pot to plot (Gsp')
k = Gsp/ Gs, (12)
Gsp” = Gsp* k (13)

Where: Gsv - equation Gs = f (Qleaf or VPD) on the pot scale, Gsp - equation Gs = f (Qleaf or
VPD) to plot scale; Gsr '- adjusted equation of scaling up of Gs = f (or Qleaf VPD) from pot to
plot by the angular coefficient of the model (k) to be specified for each scaling up.

The same methodology was adopted for the adjustment of the pot scale model to watershed
scale (Es' and Gss") and plot to watershed (Es""and Gss’’), being Es - equation E = f (Qleaf or
VPD) and GSB - equation Gs = f (Qleaf or VPD) for watershed scale.

The ecophysiological model between the evaluation scales were subjected to analysis of
variance and when significant, the means were compared by Tukey test using Minitab 14.0
software.

3. Case study: scaling up of the ecophysiological behavior of Eucalyptus
grandis x Eucalyptus urophylla experience
Table 1 shows the daily mean of Wpda and environmental variables. The highest water

comfort occurred on the plot scale, where we also observed a higher mean rate of
transpiration. In assessing the environmental variables, note that the VPD situation between
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pot and plot, on average were similar, differing from the watershed scale that had mean
lower than 33%, approximately. The energy available for physiological activity was higher
in the pot scale, 100% higher than the watershed scale.

Variable Pot Plot Watershed
Wpa (MPa) -0,30 -0,15 -0,21
VPD (kPa) 1,32 1,36 0,88
Qleaf (umol m2s™) 1027 802 505

Table 1. Mean Wpd and environmental variables for Eucalyptus grandis x Eucalyptus urophylla in the
three scales.

3.1. Relation between E and Gs according to Qleaf and VPD

Figure 2 shows the interactions between gas exchange and environmental variables Qleaf
and VPD. The values of E followed the evolution of Qleaf and VPD being almost
imperceptible the difference between the curves of the plot and watershed scale. The
observed values for the pot and watershed scales were between 0.9 and 11.4 mol m? s and
for the plot scale, 1.3 to 13.3mol m?s?. The Gs also accompanied the increase in Qleaf,
however, the greater tendency was found in the watershed scale. As for the VPD, the Gs
showed smaller response amplitude in the plot and watershed scales, concentrated on the
range of 0.1 to 0.5 mol m?s™. On the pot scale, it was observed the reduction of Gs with
increasing VPD, with values close to 0.8mol m s in situations of 1.0 kPa to 0.02mol m- s~
in extremes of VPD (3.0 kPa).
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Figure 2. Behavior of E x Qleaf (a), Gs x Qleaf (b), E x VPD (c) and Gs x VPD (d) in the three scales of
observation: pot, plot and watershed. Each point represents a mean of four measurements.

3.2. Interdependence of ecophysiological and environmental variables

In order to better understand the interdependence of ecophysiological variables (E and Gs)
and environmental (Qleaf and VPD), it was established a ratio between the hourly mean of
all values observed during the study period, E, Gs and their respective hourly mean of Qleaf
and VPD (Table 2) With this mean ratio, we attempted to exclude the influence of variation
of the concentration gradient of water and Qleaf or VPD in order to characterize the
difference in diffusion behavior according only to the structure and physiology of the
Eucalyptus grandis x Eucalyptus urophylla. The differences between the scales of study were
significant in almost all majority. The exceptions were observed in the E / VPD between the
plot and watershed scales that were similar (Figure 2b) and the ratio Gs / VPD between the
pot and watershed scales, in contrast in this case, to what it was observed in Figure 2d.

Between Scales E/Qleaf E/VPD Gs/Qleaf Gs/VPD
Pot x Plot #* ** #* *

Pot x Watershed o o o ns

Plot x Watershed ** ns o **

** e * = significant at 1% and 5% respectively, ns = non-significant

Table 2. Results of Tukey test comparing the means of the ratio E / Qleaf, E / VPD, Gs / Qleaf and Gs/
VPD for Eucalyptus grandis x Eucalyptus urophylla in the three scales of study.



78 Agricultural Chemistry

Table 3 presents the correlation matrix between ecophysiological and environmental
variables in the three scales of study. The best associations were present in the relations E
and Gs with Qleaf, reinforcing the behavior displayed in Figure 2. On the plot scale, all
correlations presented were significant and as in the pot scale, the relation between Gs and
VPD was found to be negative, while at the watershed scale it was not consistent.

Variables Pot Plot Watershed
E x Qleaf 0,86** 0,83** 0,87*
E x VPD 0,30ns 0,63** 0,56*
Gs x Qleaf 0,80** 0,85** 0,66*
Gs x VPD -0,76** -0,33** 0,07 »s

** e * = significant correlation at 1% and 5% respectively, ns = non-significant

Table 3. Simple correlation matrix between ecophysiological and environmental variables on pot, plot
and watershed scales.

3.3. Scaling up: pot, plot and watershed

Analyses of variance among the parameters were significant at 1% probability. The
mathematical equations as well as the comparison between the hourly mean values
observed and simulated by the models are in Tables 4, 5, 6 and 7. Among the relations, E
was associated more evenly with Qleaf, with the highest coefficients of determination (R 2)
when compared to VPD, regardless of the scale of observation. For this reason, Qleaf can be
used more safely than other variables for being more consistent.

In model E = f (Qleaf) the mean test was significant for Ev and Es’, indicating that the model
of the pot scale, adjusted with k allowed extrapolation to the plot and watershed scales.
Although the result of Table 2 has shown that the ratio E/Qleaf between plot and watershed
scales are statistically different, it was not necessary to use k for the prediction of Es" (Table
2). The values observed and simulated by the models were compared and showed good
correlation coefficients (Figures 3a, 3b and 3c), although the model underestimated the
values in some situations (Figures 3b and 3c). As for the variable G, the model Gs = f (Qleaf)
could be applied in scaling up Gsr 'and Gss' (Figure 4) not being significant for Gss". The
model E = f (VPD) was adjusted for scaling up Eve and Evs, but in the extrapolation of plot
scale to watershed scale it was not necessary to adjust the constant k, reinforcing what was
already observed in Figure 2 and Table 2. Although in this case the scaling up being
possible, the correlation coefficients between the observed and simulated values by the
model were between 0.66 and 0.62 and were highly significant (P <0.01) (Figures 3d, 3e and
3f). For Gs = f (VPD), the proposed methodology can not be applied in any situation.
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Scale n B1 B R2  k+S.D. Em*S.D. QleafntS.D.
Pot (Ev) 199 -0,000001 0,007 0,69 - 5414207a 1027 +517
Plot (Er) 516 -0,000002 0,009 0,64 - 560%227ab 802+ 465

Watershed (Es) 78 -0,000003 0,0106 0,83 - 396+ 266¢c  505+508

Scaling up (Er’) 516 -0,000001 0,007 1,00 125+006 565+262b 802465

Scaling up (Es") 78 -0,000001 0,007 1,00 1,38+0,14 356+ 266c 505508

Scaling up (Es”) 78 -0,000002  0,0094 1,00 - 358+ 312c 505508

Means followed by same small letter in columns do not differ by Tukey test at 5% probability. n = number of

measurements (mean of 4 measures).

Table 4. Model coefficients of E = f (Qleaf) with observed data from Ev, Ep, Es, and adjustment to
simulate the scaling up (Er',Es', Es"), coefficient of determination (R?), k, E and Qleaf mean + mean
standard deviation (k and Em + S.D., mmol m? s; Qleafm + S.D., umol m2s1).

Scale n B2 B2’ R? k+S.D. Gsm*S.D. Qleafm=S.D.
Pot (Gsv) 199  -0,00000009 0,004 0,64 - 034+016a 1027 +517
Plot (Gsp) 516  -0,0000002  0,0006 0,59 - 0,28+0,09b 802 + 465
Watershed (Gss) 78 -0,0000005  0,0011  -0,17 0,30+0,09bc 505+ 508
Scaling up (Gsr') 516  -0,00000007 0,004 1,00 1,31+0,12 0,26 +0,10b 802 +465
Scaling up (Gss") 78  -0,00000007 0,004 1,00 226+053 026+0,19b 505+ 508
Scaling up (Gss"") 78 -0,0000002  0,0006 1,00 143+0,41 0,18+0,11d 505+ 508

Means followed by the same small letter in columns do not differ by Tukey test at 5% probability. n = number of

measurements (mean of 4 measures).

Table 5. Model coefficients of Gs = f (Qleaf) with observational data Gsv, Gsp, Gss and adjustment to
simulate scaling up (Gsr’, Gss’, Gss”’), coefficient of determination (R 2), k, Gs and Qleaf mean + mean
standard deviation(k and Gsm + S.D., mol m2s; Qleafm + S.D., pmol m2s1).

Scale n B3 B3’ R? k+S.D. Em +S.D. VPDn + S.D.
Pot (Ev) 225 -04519 10,311 0,06 - 507+1,87a 1,23 +£0,35
Plot (Er) 506  -1,0627  6,0481 0,44 - 575+2,32b 1,33 £0,49
Watershed (Es) 78 -0,927 56528 0,38 - 396+2,62c 0,88 0,41
Scaling up (Er’) 506 -04519 10,311 1,00 102+124 579+149b 1,33 £ 0,49
Scaling up (Es") 78 -0,4519 10,311 1,00 057+126 399+147c 0,88 0,41
Scaling up (Es”’) 78 -1,0627  6,0481 1,00 - 4,19+151c 0,88 +£0,41

Means followed by the same small letter in columns do not differ by Tukey test at 5% probability. n = number of
measurements (mean of 4 measures).

Table 6. Model coefficients of E = f (VPD) with observed data from Ev, Er, Es and adjustment to
simulate scaling up (Er’, Es’, Es""), coefficient of determination (R?), k, E and VPD mean + mean
standard deviation (k and Em = S.D., mmol m2s?; VPDm + S.D., kPa).

The scaling up with the involvement of the Qleaf in Es” and Ez" generated values so similar
that it is not possible to distinguish between these two models in Figures 3b and 3c.
Similarly when using the variable VPD (Figure 3e, 3f).
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Scale n Be Bs R? kS.D. Gsm*S.D. VPDm#S.D.
Pot (Gsv) 225 -0,4015 0,4052 0,47 - 0,33+0,19a 1,32+ 030
Plot (Gsp) 506 -0,0505 0,3075 0,07 - 0,30+0,08 b 1,36 +0,51
Watershed (Gss) 78 0,046 03092 0,52 - 0,30+0,10b 0,88+0,41
Scaling up (Gsve) 506 -0,4015 04052 1,00 385+0,82 0,28 +0,01c 1,36 £ 0,51
Scaling up (Gsvs) 78 -0,4015 0,4052 1,00 094+069 0,30=0,02d 1,36+0,51
Scaling up (Gsrs) 78 -0,0505 0,3075 1,00 093+0,13 0,30+0,02e 0,88 +0,41

Means followed by the same small letter in columns do not differ by Tukey test at 5% probability. n = number of
measurements (mean of 4 measures).

Table 7. Model coefficients of Gs = f (VPD) with observational data Gsv, Gsr, Gss and adjustment to
simulate scaling up (Gse’, Gss’, Gss""), coefficient of determination (R?), k, Gs and Qleaf mean + mean
standard deviation (k and Gsm + S.D., mol m?2 s; VPDm + S.D., kPa).
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Figure 3. Linear regression (with intercept forced to zero) between the simulated values of E in the plot
scale (Er’) from the observed data in the pot scale (Eobs) according to Qleaf (a) and VPD (d), simulated
values of E in the watershed scale (Es') from the observed data on the pot scale (Eobs) according to Qleaf
(b) and VPD (e), simulated values of E in the watershed scale (Es") from the observed data in the plot
scale (Eobs) according to Qleaf (c) and VPD (f).



Scaling Up of Leaf Transpiration and Stomatal Conductance of
Eucalyptus grandis x Eucalyptus urophylla in Response to Environmental Variables 81

0,8 o 08
— y =0,9317x / ~ y =0,9602x -
w 0,6 | r=079 -~ w 06| 7982 o sem o -
o P=001 . g F<0,01 w
E ' ) £ ° E o
5 04 BITos ¢ 3 04 .
E a é 0,
s 02 ‘® 02
o 3
(a) (b)
0,0 0.0 &
0,0 0,2 0,4 0,6 0,8 0,0 0,2 0,4 0,6 0,8
Gs obs (mol m2s™ Gs obs (mol m?s")

Figure 4. Linear regression (with intercept forced to zero) between the simulated values of Gs in the
plot scale (Gsr') from the observed data on the pot scale (Gs obs) (a), simulated values of Gs in
watershed scale (Gss") from observed data on the pot scale (Gs obs) (b) according to Qleaf.

4. Discussion

Many ecological studies are related to small spatial and temporal scales due to the easiness
of operation and better understanding of the interaction of factors [18]. Considering this
bias, the scaling up of information may constitute a useful tool for exploring upper scales
from inferior ones and vice-versa [31]. This procedure involves a gradual process in which
knowledge of how information is transferred from one scale to another is fundamental for
understanding the mechanisms responsible for the natural generating of a standard
phenomenon, which in turn are important for natural resource management. On the other
hand, the scaling up is made from a reductionist perspective based on the detection
mechanisms for determining the key processes operating at a certain level or scale, and its
subsequent extrapolation to a higher or lower scale than the one studied [23].

From this principle, we could see the correlation between ecophysiological variables E and
Gs with environmental variables Qleaf and VPD (Figure 2 and Table 3) in the three
developmental stages of the Eucalyptus grandis x Eucalyptus urophylla. The characterization of
the leaf behavior of E and Gs according to Qleaf and VPD from the pot scale to the
watershed scale, we observed a similar tendency of response, which facilitated the
extrapolation of the data from the pot scale to the plot/ or watershed scale in most relations,
except for Gs =f (VPD).

The behavior pattern of E and Gs according to Qleaf as observed in this study (Figure 2a, 2b,
2¢), is well found in the literature [19, 22], as well as pattern of Gs = f (VPD) for the pot scale
(Figure 2d). However, the almost linear response pattern of Gs = f (VPD) found in the plot
and watershed scales showed lower Gs in these situations even with increasing VPD. This
sharp difference in the tendency of response of Gs = f (VPD) between the scale pot with the
plot and watershed scales led to difficulty in adjusting the equations Gsve, Gsvs and Gses
(Table 7).

According to [39] and [48] there are numerous observations that Gs decreases in response to
an increase in VPD between the leaf and air. However, the plot and watershed scales, where
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individuals were more mature than the pot scale, this behavior was somewhat modest, with
little variation between the values of Gs. This fact can be justified by the findings obtained
by [8] and [25], where they report that with the aging of individuals, the maximum levels of
stomatal conductance decrease due to the greater sensitivity of stomata to the vapor
pressure deficit of the atmosphere. Table 3 also shows the drop in correlation values
between Gs and VPD with increasing age (scale) until appearing to be non-significant in the
watershed scale.

In the other relations it was possible to predict the ecophysiological behavior with
adjustment of the proposed model from young subjects, in this case, the pot scale with 120
days of age, for individuals with 240 days (plot scale) and for individuals with 60 months
(watershed scale), approximately (Tables 4, 5 and 6). However, it also could be verified the
accuracy of the model proposed for extrapolating the plot scale to the watershed scale in
situations involving E, Qleaf and VPD without adjusting the model (Tables 4 and 6). There is
a clear similarity between the ecophysiological responses of these two scales in Figures 2a,
2b and 2c.

The use of models seeks to simplify the complexity of real world privileging certain
fundamental aspects of a system at the expense of detail. To provide an approximate view of
reality, a model must be simple enough to be understood and used, and complex enough to
represent the system under study [1]. The idea of proposing a model based on
environmental variables (Qleaf and VPD) has been strengthened by [45], stating that the
model reflects the conditions of the dynamics of the transport process in the soil-plant-
atmosphere system, constituting the main component responsible for the flow of water in
the plant.

Although the regression of E depending on Qleaf and VPD (Figure 2a and 2c) show the
proximity of the tendency of the response of E between the plot and watershed scales with
increasing Qleaf and / or VPD, the mean values obtained in field were lower for the
watershed scale (Tables 4 and 6). This fact may be related to the reduced number of
observations to the watershed scale compared to others, which may end up masking the
results. Another important detail is related to environmental variables, both Qleaf and VPD
that present, on average, lower than in the days of assessment of the pot and plot scales.

In [20] throughout the work "Physiology in forest models: history and the future" discusses
the importance of understanding the operation and its ecophysiological approach in models
of forest production. In literature, several papers are presented in order to relate the highest
rates of gas exchange and growth of individuals or young forests with more mature ones. In
[5] for example, discuss that the forest productivity increases during the rotation, reaches a
peak near the period when the leaf area is maximum and then decreases substantially. But
the reasons for this decline are not yet completely understood [33, 47]. The latest hypothesis
about the decline in productivity with age was developed by [34], called the hydraulic
limitation hypothesis.

As trees age, their hydraulic properties change, and at the same time, the amount of
radiation intercepted by the canopy varies substantially [17]. With the increased size of the
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tree, water and nutrients must be transported over increasing distances between the root
and the apex [7]. The water supply to the leaves of the apex becomes constrained by gravity
and hydraulic conductance. These restrictions require a greater stomatal closure to maintain
a minimum water potential to prevent xylem cavitation [15], resulting in decreases in gas
exchange to a point where a positive carbon balance can not be achieved [4]. Some authors,
by measuring transpiration by sap flow observed that the fall in productivity is
accompanied by a decline in gas exchange rates [35, 2]. [28] studied the effects of age on the
transpiration of a forest of Pseudotsuga menziesii of about 40 to 450 years of age in Oregon,
USA, and by the sap flow methodology, also attributed to the hydraulic limitation
hypothesis lower transpiration in individuals from the older forest, being that the highest
transpiration of the 40 year-old forest provides further evidence of change in the local water
balance because of its higher transpiration. In [2], on their turn, reported that the hydraulic
limitation hypothesis proposes that the increased distance to be traveled by water inside the
plant reduces the hydraulic conductance of the leaf. If the stoma closes to regulate the status
of leaf water potential, taller trees will close their stomata at low vapor pressure deficits
when compared to younger or shorter trees. Again, this report confirms the behavior
observed in the plot and watershed scales to Gs = f (VPD) (Fig. 2d, Table 3), however it was
not the behavior observed for transpiration.

It is recognized that low pressure of water vapor between the leaf interior and the outside
air (VPD) is an important environmental factor that affects the functioning of stomata.
However, the causes for this event are still much discussed in the literature. The [44]
examined the stomatal response to VPD in higher plants and the possible mechanisms
proposed to explain this response. According to the author, the results are conflicting. When
there is stomatal response to VPD, the mechanism that causes this response is also not well
understood, being two hypotheses proposed for this mechanism. The hypothesis of
"feedforward," which considers the decrease of Gs directly with increasing VPD, and
abscisic acid (ABA), the signal for the response. In the event of feedback, Gs decreases with
increasing VPD due to the increase in leaf transpiration, which lowers the water potential in
the leaf. That is, the increase in E could be responsible for stomatal closure due to increased
water potential gradient between guard cells and other epidermal cells or simply by
reducing the leaf water potential [11, 27, 43]. These two mechanisms have been the subject of
debate in the scientific community, for there are results published in the literature to
support both hypotheses.

In any case, our results agree with the behavior explained by the hypothesis of feedback,
even because we did not analyze the ABA during the study. [44] concludes his work as an
unresolved issue, justifying the continuation of research in this area.

The hydraulic limitation hypothesis in some other studies failed to explain the reduced
growth [2, 36] and the mechanism responsible for this fact was not identified. The [33]
believes that there is no universal mechanism to explain the decline in productivity with
increasing tree height, but that there are various components involved.

In searching for the characterization of the ecophysiological behavior of eucalyptus at
different ages, [10] related to leaf area and rate of growth of Eucalyptus globulus Labill at the
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age of 2-8 years with stomatal conductance and transpiration by the method of sap flow in
Australia. These authors observed an increase in transpiration of the stand from 2 to 5 years
of age, where it reached to the peak in rates of exchange with subsequent decline thereafter.
This decrease was related to the decline of leaf area index, with the result in annual growth
rates and efficiency of water use. Although in our study, transpiration and stomatal
conductance have been obtained at leaf scale by porometry, these variables had the same
behavior found by them, i.e., the major tendencies of transpiration rates were observed in
the plot and watershed scales, where individuals were more developed. We should also
remember that the measurements, at whatever age (pot, plot or watershed scales), were
always performed only in fully expanded leaves at the top of the canopy directly exposed to
solar radiation. The difference between our study and [10] is that the evaluations performed
by the method of sap flow are closely related to the total leaf area of the crown, without the
need to quantify the leaves that consist it, nor the diversity in the degree of development of
each one of them. The leaf area index is generally considered the most important
determinant of differences in transpiration between different forest stands [13, 28].
Generally, young forests have a higher concentration of leaf area in a single layer of canopy,
while as the tree grows, the leaves are more uniformly distributed in generating various
vertical profiles of leaf area [29] and these changes in the distribution of stem and leaves can
have pervasive effects on canopy transpiration.

The justification of this work for having higher gas exchange tendencies, at the leaf level , in
the plot and watershed scales may be explained by the fact that individuals did not reach
their peak of development, as justified by [10]. Thus, the physiological activities continue to
"full steam" favoring the growth of biomass. So that, in terms of forest production, in the
decision making about the best time for cutting the planted forest (Eucalyptus sp), it is
studied the balance of production curves and mean and yearly increments, with the aim of
identifying the maximum mean rate of increase in production. When this point is reached, it
is said that this is the peak production of the forest, that is, when it reaches its greatest
efficiency in production (technical age for cut-off). After this peak, there is a decline in the
production curve, and economically speaking it is not feasible to keep the tree standing.

The scaling up of information held on a lower scale to a higher scale is more problematic for
several reasons. The transpiration of most plant species, including eucalyptus, is determined
by several factors that vary continuously. In addition to age, among them are climatic
demand (solar radiation and vapor pressure deficit of the atmosphere, temperature and
wind speed), the physiological mechanisms related to the stomatal response to
environmental factors, water availability and soil nutrients [6, 20]. Another issue addressed
by [12] which is normal to expect that the rate of perspiration varies from species to species,
as well as vegetative growth.

Since transpiration is related to the development of leaf area in plantations of short duration
such as eucalyptus, which have high rates of initial growth, can also happen fast
maximization of water use by these crops, which ultimately generate implications for the
prediction of its water needs and impacts on watershed hydrology.
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A fundamental aspect of ecological processes is that they are affected by spatial and
temporal dimensions. In spatial terms, for example, measurements made on a leaf in terms
of net primary productivity, can not be extrapolated directly to the tree, because for this
extrapolation it is necessary knowledge about the distribution of the canopy, the
arrangement of leaves, availability of soil water etc. Likewise, the extrapolation to the forest
and the ecosystem needs information previously dispensable in smaller scales. This study
focused on all measurements, only fully expanded leaves and fully disposed to incident
radiation. In fact, we know that there is no way to expand these results to an already formed
canopy, since in this case, the leaves do not have a uniform development, as well as
variation in the incidence of radiation and, thus, there is a need for additional data that were
not addressed in this study. However, tendencies were observed and simulated by the
models developed. This notion of scales and their extrapolations are essential to avoid
mistaken views and phenomena in a certain scale to larger or smaller scales. As a scale is
broadened, most interactions occur between the growing number of compartments of the
system, making it more difficult and laborious studies of cause-effect relationships from
models based on processes.

Adding to the complexity of understanding the interactions between the ecophysiological
variables, there is also the difficulty of the experimental protocol. This fact reinforces the
merits of the methodology presented here. As stated by [21] in order to generate practical
tools, such calculations based on processes must be combined with empirical relations
derived from experiments and measurements carried out over several periods.

5. Conclusions

The relations between E and Gs with Qleaf and VPD showed significant differences at 1 or
5% in all relations of scaling up, except for the relation E x VPD in scaling up of plot /
watershed, and Gs x VPD pot / watershed. The relation that had the best response between
E and Gs and environmental variables was E / Qleaf whose correlation was significant on all
scales at 1 or 5%. The measured values of E and Gs were consistently above the plot and
watershed scales compared to the pot scale. For each lower scale, a model was developed
for scaling up into a higher scale. It was possible to perform the scaling up (pot, plot
andwatershed scale) of E and Gs. The simulation models of E according to Qleaf / VPD and
Gs and Qleaf / VPD proved robust in each of the scales. There was no need to adjust the
models of scaling up between plot and watershed in relations involving E and Qleaf, and E
and VPD. All results were obtained for Wpd between 0 to -0.5 MPa. It is suggested that
measurements of E and Gs are carried out in three scales in others Wpd to confirm the
findings of this study.
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Influence of the Root and Seed Traits on
Tolerance to Abiotic Stress
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1. Introduction

Relationship between roots and seeds is very important from the physiological point of
view.

From the common view, the roots quality is modified by genotype and environmental
conditions. But as follows especially from the wheat and other crops analysis the traits of
roots are not only under genetic and environment control. Research results confirmed
importance of individual seed traits for plant root growth and development, mainly seed
vigor and subsequent seedling development at the poor conditions. These results show in all
experiments statistically significant influence of abiotic stresses (drought, high temperature)
on the seed traits and via the seeds influence on the traits of plant roots.

On the other hand influence of seed quality on the root growth and development of roots
quality are basic assumption for the formation of high-quality seed of the most crops in next
generation, especially at stress conditions. In the suboptimal conditions, the poor seed
quality results in reduced root growth and also in low yield level. When the root growth
from the beginning of vegetation is problematic, connected with the wrong roots quality, the
negative consequences will continue during the whole vegetation period.

Changes in seed germination during the year exist in some species. Obtained results [20,
21] confirmed statistically significant relationship between speed of seed germination and
intensity of geomagnetic activity during a year period.

Long term seed storage conditions influence the following seedling growth and the
deterioration speed of the seed stored for a long time is affected by environmental
conditions in which the seed was grown. From the practical point of view it is connected
with question of the preservation of important genetic resources. Seeds from adverse
environmental conditions rapidly lose germination energy and longevity. It can present a
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considerable economic costs connected with maintenance of genetic resources. This situation
can lead even to loss of genetic resources.

Consequent changes during long term storage consist from: increasing concentration of free
radicals, which are formed in time of long-term seed storage, damaging membrane lipids,
inactivation of enzymes, damaging storage proteins and DNA. This process resulted to
lower seed quality (low vigor) or even total loss of germination. Deterioration of the seeds
during storage is irreversible phenomenon, natural for living organisms. Aged seeds
influence optimal root growth (angle of root growth in the soil, depth penetration, tillering).

Roots quality influences water utilization in plants with different level by different
cultivars in different environmental conditions and by this way drought tolerance during
vegetation period and through the new filial seed generation germination and grow of
young plants.

The water availability and efficiency of water utilization in time of germination is one of the
basic factors influencing field emergence rate. Water uptake is the first step for enzymes
activation, and shortly, for successful germination. The large variability in water use
efficiency of seeds of different species and cultivars exist.

2. Seed and root phylogeny - general overview

The seeds, roots and their properties are the result of the phylogenic development under
stress pressure, especially the influence of dry conditions in time of plant colonization of the
Earth. The seed phylogeny reflects very interesting historical transition for photosynthetic
organisms. The seed history consists of four main steps: the development of seed
morphological structures, anatomy of seeds; the development of dormancy and the
evolution of seed size (mass) [65, 66]

Seeds were developed over a period of approximately 300 million years of phylogeny for
three main reasons [11, 14, 16, 63]

1. increase of species distribution area
2. preserve species for adverse conditions
3. enable efficient reproduction of species

The roots have from the paleontological view the first predecessors in —rhizoids- unicellular
“fibres”. [16]

So far, the oldest fossils of these plant organs - real roots came from the period 396 million
years ago. As evidence for the findings of the first roots are two plants Rhynia and Sigillaria
from the late Devonian period, where paleontological analysis revealed the depth of the
roots with length no more than one meter. Plant roots are most sensitive part of plant body.
The morphological and physiological root traits respond much more sensitive to the
external environment than the aboveground parts of plants. Roots have a large share in the
creation of soil, impact on the composition of the micro flora in the formation of ground,
humus, the production of carbon dioxide, i.e. the composition of the atmosphere.
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Seeds and roots have great importance for the abiotic stress tolerance during vegetation
period (drought, high temperature). Seed traits determine plant growth on the beginning of
vegetation period; especially by seed vigor, and by seed storage conditions. On the other
hand the roots are influenced by seeds quality on the start of plant growth, especially root
morphology, i.e. length, surface, deep of penetration of the roots and also root weight,
number of root tips, number of root hairs, number of lateral roots and density of roots and
modified by environmental conditions. Roots affect plants on the whole vegetation period
and from this point of view influence growth and development of new seed generation. The
level of theses relations depends on the environmental conditions; it means on the influence
of seed provenance.

3. Short root and seed history step by step

When we skip the period 3.5 billion years ago, when the cyanobacteria was only on the
Earth, the history of the plants can be divided into four periods:

Thalassiofyticum- (until 442 million years BC) period of Algae
Paleofyticum (442-248 million years BC)

Mesofyticum (248-97 million years BC)

Cenofyticum (97 million years BC until today)

L=

In the first part of Paleofyticum, the “older” paleofyticum (442-354 million years BC) the
plants spread from the water on the land. In this time formation of roots started, which
enabled to live on the earth's surface. In the “younger” paleofyticum (354-298 million years
BC) is characterized by seed development [16, 63].

The negative impact of environmental conditions -long period of the drought conditions- is
reflected strongly in evolution. “Invention” of the seeds improved the chance of species
survival thanks to the better dispersion of seeds and by this way expansion of the species.
The evolution of plants is connected with ability to survive dry and cold period of plant
growth. Some mechanisms were evolved, started with tissue specialization, through
dormancy evolution to post harvest maturation.

In this period developed psilophyta, pteridophyta and plant ferns gymnosperms. Among
the ferns (Pteridophyta) are classified plants lycopodium (Lycopodiophyta), horsetail
(Equisetophyta), tree ferns (Polypodiophyta) and plants (Progymnospermophyta) as cycads
and conifers.

After transition of plants on the earth’'s surface the influence of abiotic stressors prevail
rather than biotic factors. Gradually, however, grew relationship among different species of
the plants either negative or positive and between plants and other organisms

In Mesofyticum ancestors of the modern ferns appeared (fern seed plants, cycas, benetits,
and conifers).

Cenofyticum is the last period of plant development, characterized by spreading of
angiosperms. This period lasts until today. As examples there are given three examples of
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fossilized seeds (Figure 1, 2 and 3) History of seed development is from the physiological
view very interesting [11, 14, and 33]

Figure 1. Fossilized seed, the recognizable is embryo, label (scutelllum), and endosperm. Czech Karst

Figure 2. Fragments of fosilised seeds, Czech Karst
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Figure 3. Fossilized wallop, Czech Karst

4. Seed development and influence of the seed on the plant growth

The understanding of the relationship between seed development, environmental
conditions and seed quality at the molecular, cellular, physiological and agronomical level
are basic aim of seed science. On the beginning of seed formation is fusion of male and
female gametes and double fertilization. After fertilization relatively short and quick seed
development starts, i.e. seed become the primary recipient-sink for assimilates. This process
means parallel growth and development of the seed, which includes initial cell formation,
development of endoplasmic reticulum and growth of cell organelles — plastids, ribosome’s,
mitochondria and Golgi complex. After approximately three or four weeks of the seed
development, starch and protein granules are main components of endosperm composition.
Simultaneously with chemical changes, morphological, anatomical development and quick
changes of seed weight occur. Every of these processes can be under influence of abiotic
stresses and can be modified in a different way [85].

Development of the most seeds can be divided into three next phases [58]. The first phase is
characterized by quick cells division and histodifferentiation to specific part of embryo
(cotyledons, growing axis), together with storage tissues (usually endosperm). Next phase is
growing phase (expansion) connected with reserves storage (carbohydrates, proteins, lipids)
in storage tissues, mostly in cotyledons and endosperm. Whole process of seed development
ends by decrease of water content (maturation phase), when seed metabolic activity is
reduced and seed is passed to quiescence state (metabolic non-active).
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All phases are different in water content at tissues of newly developed seed [59] (Water
content increases in cell division phase together with total seed weight. In phase of cell
elongation water content is stable, but dry matter of seed increase thanks to stored reserves.
Quick decrease of water content characterizes maturation phase, till the level 10 — 15 % of
water, specifically for each plant species.

Desiccation phase is typical for orthodox seeds (mostly plants from temperate climate) and
necessary for overcoming adverse environmental conditions, evolved as adaptive
mechanism in time of plant phylogeny. Thanks to lower water content orthodox seeds can
be stored at normal conditions longer time without loss of theirs quality. This is very
important exactly for seeds of plants used as agriculture crops.

Development of seeds and fruits is controlled by phytohormones [57]. After fertilization
mainly cytokinins come to action to influence cell division in early stage of seed
development. Gibberellins are connected with phase of reserves deposition, when keep
endosperm in liquid state thanks to activation of a-amylase [81, 75]. Auxins control cell
elongation of newly formed seed. Influence of negative osmotic potential of surrounding
tissues, which prevent the embryo to next development [89], is substituted with increase of
absicic acid (ABA) level. ABA suppresses gibberellins” activity in the synthesis of [J-amylase
and by this mechanism prevents premature germination of new seed [13]. On the end phase
ABA level decrease too, together with decrease of water, when the seeds are becoming
quiescent. Regulation of ABA level in mature seed determines quiescent or dormant state of
seed [79]. During the seed development on mother plant the environmental conditions can
change and abiotic stress can appear. Seed development can be aborted in this case, when
environmental conditions are very adverse. In early phase of development the embryo is
very sensitive to lack of water [29]. Decrease of water potential more than above -1.6 MPa
[73] can imply damage of embryo or other tissues. Less favorable environmental conditions
can mean only formation of smaller seed, with smaller embryo or storage reserves, but
smaller seed size is obviously associated with shorter seed survival [68].

Seed quality is affected by location of seed on mother plant and related with flux of
assimilates to seeds. Each seed lot is heterogeneous group of seeds with similar
characteristics thanks to the same origin. But if we evaluate each seed in detail, we can find
differences between seeds.

Seed quality is influenced by sink: source ratio too. Buds, flowers and siliques of winter rape
fall down more from lateral branches than from terminal, which is more preferred [62].
Similarly fruit size decline from margin to the centre of capitulum as the result of resource
competition [86, 1]. Found that direct part of sunflower head is supplied from direct leaves.
[5] confirm different content of oil, fatty acids and total tocopherol content in different seeds
in sunflower head. We can suppose that similar differences exist between each seed in direct
content of stored reserves and in synthesis and reduction of phytohormones and other
metabolites. Stress conditions in time of seed development can these differences enhance.

All levels of adverse environmental conditions imply induction of stress response.
Acclimation starts as the first step, when mechanism of protective compounds synthesis
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switches on, for example LEA proteins — dehydrins [32]. Generally scientists agree these
proteins play important role in tolerance to water stress. Their protective function consists in
stabilization of membrane structures [31, 84]. Angelovici [3] discussed gene expression and
metabolic activation during desiccation of seed and their influence to the desiccation
tolerance, dormancy competence and successful germination of the dry seeds. Together with
genetically conditioned production of osmoprotective substances (as proline at rape tolerant
to salinity [70] the maternal effect applies role in adaptation to environmental conditions too
[46, 47, 88]. Dyer et al. [40] confirm the seed adaptation of some invasive species to adverse
conditions in germination time on the mother plant in time of their maturation. They think
that transgeneration plasticity (TGP) of seeds is the result only just seed adaptation on
stressed plants. TGP can explain phenotypic move in adaptability of plants to worse
environmental conditions and influence by this way more easy spread of species in
environment.

The participation of environmental conditions on development of viable seed is generally
taken to consideration; this influence can be even significant. When the stress conditions are
continuous, developing seed can be damaged and on macroscopic level it means higher
occurrence of less vigorous or even non-germinated seeds. In slightly adverse conditions
protective compounds accumulate in seed and stay stored inside after desiccation. It has
also been demonstrated that in seed stored rather than de-novo synthesized mRNAs play
key roles during germination

The influence of seed on plant individual is formed in time of seed development on mother
plant. Seed quality affects the germination process, which can be modified strongly by
environmental conditions and next development of plant. The seeds germination is a
complex physiological process comprising many metabolic pathways [66] with the goal to
originate new plant as the next generation of plant species). Germination starts with uptake
of water to the dry seed by imbibition, followed by metabolic changes in seed and ends with
rupture of covering layers and emergence of radical protrusion. Figure 4 shows the example
of the seed provenance on the root system of juvenile plants.

Ability of seeds to germinate in adverse environmental conditions is expressed as seed vigor
can be explained as difference between germination percentages analyzed at optimal
conditions by laboratory tests and between percentages of seedling emergence in field
conditions (field emergence). There is lot of reasons for this difference (diseases, soil
conditions, water content in soil, variability of temperature in the soil, etc.).

The influence of the seed provenance together with cultivar is very important. For example,
the obtained results from the experiment with the organic and conventional seeds (four
different provenances) of various spring cereal cultivars (bread and emmer wheat, Triticum
aestivum L. and T. dicoccum Schrank, barley, Hordeum vulgare L. and oat, Avena sativa L.)
confirmed importance of the cultivar and the seed provenance for the seed quality especially
for the germination and efficiency of water utilization during this development phase. This
is very important factor because of seed biological quality is one of basic factors, which has
influence on the growth and development of the filial generation, especially in drought
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conditions [24] Good established crop stand is the basis for optimal development of
agriculture plants to obtain next generation of seeds with high quality [76].On figure 5 and 6
are examples how the seed provenance influences the germination process. Comparison of
wheat plants from different seed lots is on the figure 7.

Figure 4. Example of seed provenance (variety Imari) effect on the root system at soya. On the left: from
the seed from the dry conditions; on the right: seed from the standard environment. Influence of the
seed provenance on the number of lateral root branches is evident
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Figure 5. Difference between five spring barley seed lots germinated in standard (Fig A, filter paper, 30
ml of water, upper part) and in dry (Fig B, sand, 20 ml of water, lower part) conditions. Seed lots quality
(expressed by germination curves and germination energy) looks very similar in optimal conditions, but
can be very different in stress (drought) conditions. Difference of seed lot 3 (green) is evident.
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Figure 6. Wheat plants grown in containers. On the left plants from the certified seeds obtained from
the seed company; on the right two plants from different FSS (farmer save seed).
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5. Importance of root traits for the seed growth and development

Quality and physiological activity of the roots is necessary condition for growth and
optimal shoot development and subsequently development of the seeds with good quality
at the majority of the field crops. This relation is also valid vice versa - the seed quality has
positive influence on the root growth and development. Growing environmental conditions
(=provenance), especially drought and high temperatures affect basic metabolic pathways,
chemical composition of seeds, seed traits and traits of sprouting plants rootlets. These
changes of the seeds are connected with efficiency of water utilization and especially with
development of the root system. The research results show relatively large influence of seed
traits on the root development. The genotypes with good germination under unfavorable
conditions develop larger root system in field conditions, i.e. volume, length, deep of roots
penetration after sowing and also during following vegetation period [17, 18, 19, 22, 28].

Coming climate change influencing mainly the variability of weather conditions during the
vegetation period will increases the importance of the root system as the factor which plays
more and more important role in the above-ground production and seed production too.

The importance of the seeds and roots are still neglected in the plant production.
Misunderstanding of the roots importance can be found in the lot of scientific works, where
detailed statistical analysis often evaluate only in above-ground parts of the plant
physiological, anatomical, morphological and other properties, their relationships, but
without knowledge about influence of the root system on the shoot analyzed traits and their
relations.

Physiologically, the roots are the most sensitive part of the plant. As follows from the
physiological literature, the basic changes of root system thanks to environmental conditions
have following general way and influence: Drought changes deep of root penetration, low
pH has influence on the length of roots, influence of salinity depends on the salinity type,
high temperature influences number of root branches, low nutrients level is connected with
the increase of the root system length, decrease of roots volume and number of branches,
combination of abiotic stresses has large influence on the decrease of every trait, but not in
every type of environmental conditions. These types of changes can have influence on
transport of water and metabolites in plants and also on the shoot and seed growth and
development. The developmental and growth stage, in which stress appear is very
important. It is possible to show this on the rapeseed [17,18].

The speed of the root growth initialization after the winter period and the change of the
ratio between dry weight of roots and above-ground parts in favor of the root mass in dry
conditions during the vegetation period had the greatest impact on drought tolerance and
yield of rapeseed. (The spring regeneration is expressed by the ratio of the dry weight of
roots in spring and autumn. The variety with the largest growth rate of dry matter to roots
has the seed production with best seed quality, i.e. weight, vigor, germination, optimal
chemical composition).
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Darwin expressed that “Roots are as brain of plants" [34], i.e. roots can be taken as a
similar body like the brain. Currently, it is known that for the transmission signals (changes
of potential) between root and above-ground plant parts plasmodesma are needed and there
seems to be an important role for auxin molecule (IAA). For example, information about
pathogen attack or strong physical stress can be quickly transmitted from the roots to the
other plant parts in order to begin start as soon as possible organism defense thanks to
plasmodesma. The genes for some plasmodesma proteins that form the connections are
similar to the neuron proteins. The root system has the role as control centre with rapid
transmission information to other plant parts. New situation creates a certain type of
synapses, which are to some extent ,the plants memory”, i.e. certain type of reaction to
already known situation. If the stress is repeated again, the reaction of the plant is more
rapid on the basis of this memory [2, 4, 6, 7, 8, 9, 10, 11, 30, 56, 69, 80, 82, 83, 87, 91]. It is also
known that root apices during growth can recognize in advance dangerous soil substrate
and avoid them using similar active avoidance root tropism.

Biochemical pathways - root influence of the shoot

Last, but not least, there are significant advances in ecological studies, behavioral studies, on
memory and learning phenomena in plants. Baluska in his work gives a very detailed
interpretation (verbatim quotation) [6]. “The plant neurobiological perspective reveals several
surprises when the classical plant hormones like auxin, abscisic acid, ethylene, and salicylic acid are
considered from this angle. Auxin and abscisic acid elicit immediate electric responses if applied to
plant cells from outside, suggesting that their requlated release within plant tissues may be a part of
neurotransmitter-like cell-to-cell communication. Abscisic acid signaling pathway is conserved
between plants and animals and this signalling molecule both stimulates and is endogenously
produced in human granulocytes in a way suggesting that it acts as endogenous proinflammatory
cytokine. Biologically active abscisic acid was isolated also from brains of vertebrates indicating
possible roles of abscisic acid in the central nervous system. Salicylic acid activates similar subset of
MAPKs as voltage pulses. Ethylene, a classical plant hormonone, is an anaesthetic, a fact that plant
physiologists have ignored until now. Interestingly, anaesthetics used on animals including man,
induce anaesthetising effects on roots similar to those of ethylene. Ethylene is released in mechanically
stressed plant tissues, and structurally diverse anaesthetics activate mechanosensitive channels. As
ethylene is released after wounding, it might act to relieve ‘pain’ in plants. There are numerous other
plant-derived substances, which manipulate the pain receptors in animals, such as capsaicin,
menthol, camphor. Interestingly, the monoterpene volatiles, menthol and camphor induce oxidative
stress and inhibit root growth in maize, indicating that they, too, act as plant signalling molecules.
Finally, plants express inhibitors that are specific to the neuronal nitric oxide synthases. Another
example of neuronal-like behaviour of plants is the report that prevention of nyctinastic movements of
lequminous leaves causes their death while leaves allowed to ‘sleep” stayed healthy. This resembles the
situation in animals. Although melatonin was discovered in plants more than ten years ago, we know
almost nothing about roles of melatonin in plants despite the fact that it is biochemically closely
related to auxin. Interestingly in this respect, melatonin mimics auxin in the induction of lateral root
primordia from pericycle cells.”
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6. Influence of the seed traits on the root growth and development
Introductory notes

Higher plants play the most important role in keeping a stable environment on the Earth to
regulate global environment by many ways in terms of different levels molecular,
individual, community, and so on [49,50], but the nature basis of the mechanism is gene
expression and control temporally and spatially at the molecular level. There are many
adverse stress conditions in the continuously changing environment, such as cold, drought,
salinity and UV, which influence plant growth, development and crop and seed production.

Environmental conditions during the growing season affect biological quality of the
evolving seeds, i.e. chemical composition of seeds, anatomical and morphological seed traits
and traits of sprouting plants - basic metabolic seed pathways. Generally is known that the
biological quality of seed is also one of basic factors, which influences growth and
development of the roots at beginning of the filial generation and during vegetation period.
It is possible to conclude that there is significant indirect influence of environmental
conditions through the seed traits on the root development.

After harvest seed should be stored, i.e. there are storage conditions, which also affect the
properties of seeds (enzyme activity, formation of free radicals).

The seed traits and traits of sprouting plants affect in filial generation especially root
morphology at begin of vegetation period: length, surface, deep of roots penetration and
also root weight, and later also number of root tips, number of root hairs, number of lateral
roots and density of roots. Crop emergence, especially with good roots then influences the
further course of growth. The start of period has significant influence on the following
growth.

So far obtained results confirmed also in all experiments statistically significant influence of
abiotic stresses (drought, high temperature) on the traits of seed and via the seeds influence
on the root and shoot traits at begin of vegetation period. Very similar results among
analyzed field crops in all types of experiments were obtained [17].

This physiological phenomenon - germination (1) is influenced by the environment
conditions during germination, during vegetation period and in time of new seed
formation (2) and during new seed germination and growth (3). Resistance or tolerance to
the environmental influences is (4) hereditary phenomenon.

1. Germination
Uptake of water

Uptake of water by mature dry seed is triphasic: I - rapid initial uptake (imbibition), II -
plateau phase (metabolic processes) and III - this phase occurs when germination is
completed. This phase is inhibited by the plant hormone ABA. The interactions between
abscisic acid (ABA), gibberellins (GA) and brassinosteroids (BR) are regulating key
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processes that determine dormancy and germination. Abscisic acid inhibits germination and
gibberellins and brassinosteroids promote germination.

The first phase of germination If the seed gets into the soil initially only water uptake exist,
which start the first stage of germination, i.e. anaerobic processes, which is separated from
embryo germination and for which there isn’t need oxygen. This phase is mostly regulated
by the amount of water in the seed, temperature and takes 24 -36 hours. Exactly imbibition
phase is regulated only by differences in water potential between seed and soil. For
example, in wet salted soil amount of water accessible for seed can be low, thanks to low
water potential of soil than seed. Anaerobic respiration is predominant in this phase - the
biological activity without oxygen (for example alcohol dehydrogenase activity).

The processes in the first phase can be affected by storage method, which affect the
structural changes in the seed. Seeds of some varieties may then quickly absorb water, but in
the case of drought loose of water is quicker too.

But transition from phase to phase is not sharp, for example embryo of maize seed can be
highly hydrated and endosperm have low amount of water. On the other hand, activation of
mRNAs in wheat seed was detected 2 hour after start of imbibition.

The second phase of germination is also under influence of the seed storage way,
prolonged storage significantly affect mainly structural changes in the seed membranes and
reduced enzyme activity. The manifestation of this changes may be, for example, decrease of
germination energy (early germination) resulting in a field conditions in the low field
emergence). In this phase begin - aerobic respiration system, citrate cycle, oxidative
phosphorylation, and rapid activity of the mitochondria and lot of other biochemical
processes. The visual germination process begins. What happens during germination?
Metabolic activity in seed increases sharply, lipase, a-amylase, protease and peptidase -
hence they are broken down starches, proteins, lipids, and their metabolic products are
transported through the scutellum to the sprouting embryo — germination begins.
Prerequisite for good germination is low ABA levels, which resulted in the loss of dormancy
and increase the concentration of gibberellins thus promoting hormones, which creating a-
amylase that breaks down starch.

Germination process according to the latest information also contributes brassinosteroids.
Interactions between abscisic acid (ABA), brassinosteroids and gibberellins (GA) determine
the level of dormancy and germination energy. These plant phytohormones (GA) with
many functions in the plant during germination and seed sprouting are produced and
throught label penetrates the endosperm to the aleurone layer, where it promotes the
synthesis of a-amylase, thus accelerating the starch breakdown. The ratio of starch,
damaged starch, lipids and proteins like macro-elements can affect the germination rate.

Water uptake and efficiency of the water utilization are essential for enzyme activation, i.e.
for use of reserve seed storage material [23, 24, 25, 26]. This trait has also influence on the
root development at the begin of the vegetation period, but there is large variability in water
use efficiency of seeds between different species, cultivars from different conditions (seed
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lots) and even between individual seeds from one seed lot [17, 19, 35, 36, 37, 38, 39, 40].
From the common view, the quality of root is modified by genotype, by environmental
conditions and also by seed traits, especially thanks to seed vigor and young plants traits,
especially at the poor conditions.

2. Stress during vegetation period

Water utilization by plants during vegetation period influences chemical composition of
seed, but also traits of young plants in filial generation. The availability of water and
efficiency of water utilization during germination is one of the basic factors that influence
field emergence rate and following plantlet and plant root growth. The large variability of
water use efficiency of seeds of different species and cultivars exists. This trait is under
genetic and environmental control.

For each type of stress that acts on the developing seed the different changes in subsequent
generation exist. So far obtained results confirmed that changes in the root system have
resulted not only in changes in nutrient uptake, but may be reflected in the final stages of
plant development and yield. In the case of nutrient uptake can be observed significant
cultivars differences. The largest differences in nutrient uptake between the standard
environment and stress environment (drought, high temperature, low pH) is previously in
micronutrients (especially Zn, Mn, Fe), minor differences were then at macroelements (N, P,
K, Ca, Mg). These changes may affect at more sensitive cultivars seeds properties.

In case of abiotic stress obtained results confirmed statistically significant influence of
abiotic stresses at environmental conditions on the seed traits [27, 78]. These seed traits have
a substantial effect on the tolerance to analyzed abiotic stresses in the filial generation and
also on the root system and water utilization during germination. Similar results for spring
and winter wheat were obtained [27, 78]. For example, severe stress during seed filling
caused soybean plants to exceed their capacity to buffer seed number, shifting seed weight
distributions towards a larger proportion of small seed, resulting in poor seed lot
germination and vigor [39].

Stress during vegetation period for most crops changes anatomic structures of caryopsis.
The most significant are changes in the layer of the pericarp, which creates a large number
of cells which are different in size and shape. Seed anatomical changes are in accordance
with the change of caryopsis morphology. Changing the aleurone layer structures can
greatly influence the properties of all the economically important seed. This phenomenon
highlights the importance of regularly exchange seed in crops production.

The influence of the environmental conditions changes energy content of the seeds. Grain
influenced by abiotic stress is usually less vigorous compared with non-stressed plants. Seed
vigor is also associated not only with weight, chemical composition, phytohormones
activity, but also with change of the embryo properties. Negative influence of drought and
high temperature conditions is reflected in the content of energy-rich substances
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accumulated in grain and straw, which are given not only the process of photosynthesis, by
transport in plants, but also by the ratio and content of energy-rich substances, particularly
sugars, proteins and fats.

High temperature stress of Brassica napus and other crops during flowering reduces micro
and megagametophyte fertility, induces fruit abortion, and disrupts seed production [64].

3. Stress during new seed germination - seed stress tolerance

It is known that it is possible to provide selection for cultivar resistance to stress already at the seed
and at the seed germination stage and on the quality of the plant root system. Quality of the
embryonic roots is important for the following growth and also roots development. In the juvenile
phase and in later stages, these are the same genotype! This is a general biological regularity. At each
experiment very good relationships between above named traits exist.

For example it is possible to determine the genetic relationship between salt tolerance
during seed germination and vegetative growth in tomato by comparing quantitative trait
loci (QTLs) which confer salt tolerance at these two developmental stages. However,
simultaneous improvement of tolerance at the two developmental stages should be possible
through marker-assisted selection and breeding [43, 44].

Germination is also regulated by abscisic acid content. The content of abscisic acid in the
seed is determined by genotype and conditions during the growth of seeds [78].

Signal transduction pathways, mediated by environmental and hormonal signals, regulate
gene expression in seeds. Seed dormancy release and germination of species with coat
dormancy is determined by the balance of forces between the growth potential of the
embryo and the constraint exerted by the covering layers, e.g. testa and endosperm. GA
releases dormancy, promotes germination and counteracts ABA effects. Ethylene and BR
promote seed germination and also counteract ABA effects. We present an integrated view
of the molecular genetics, physiology and biochemistry used to unravel how hormones
control seed dormancy release and germination.

There are several ways to improve the adaptability of plants to the variable environmental
stress conditions. Physiological studies of plant integrity have shown that the plant
responds to stressors by modifying more than 100 physiological traits. The presented results
[26] confirmed that seed vigor and plant vigor (quick escape from any stress) are in
significant correlation with yield and root quality system.

Selected basic traits of seeds (vigor, germination percent, and emergence) and especially
stress tolerance during germination of the seeds to the high and low temperature during
day and night have significant influence on the quality of the root development. Plants with
well-embryonic roots and high energy potential germination escape the stresses during
begin the growing period, especially at drought conditions and are guarantee with high
probability quality of the root system [64, 78,90].
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4. Heredity, the availability of a selection at the level of seeds and seedlings

Contemporary knowledge confirm possibility of making selection for the root system and
stress root tolerance on the basis of seedlings stress tolerance, i.e. at time of the sprouting. It
is possible also to evaluate characteristics of seeds and seedlings, i.e. provide selection, after
plant hybridization of the plants on the basis of the seed and seedlings traits for the seed
quality an also for the classic selection in the plant breeding.

Seed of BCi progeny of an interspecific cross between a slow germinating Lycopersicon
esculentum breeding line (NC84173; maternal and recurrent parent) and a fast germinating L.
pimpinellifolium accession (LA722) were evaluated for germination under cold stress, salt
stress and drought stress, and in each treatment the most rapidly germinating seeds (first
2%) were selected [43], .The results confirmed that rapid seed germination under a single
stress environment may result in progeny with improved seed germination under a wide
range of environmental conditions. Seeds of F2 progeny of a cross between a slow-
germinating (UCT5) and a fast-germinating tomato line (PI120256) were evaluated for
germination under non-stress (control), cold-stress and salt-stress conditions, and in each
treatment the most rapidly (first 5%) germinating seeds were selected, grown to maturity
and self-pollinated to produce Fs progeny.

In the case of phytohormones content that are genetically controlled by genes and it is not
possible to draw any general conclusion about the correlation between the hormones
content and the germination capacity during sprouting stress tolerance and water uptake.
Why? Because all authors differ in their results and in conclusions; on the other hand it is
possible to read that the fact that the sensitivity of the tissue towards hormones is also a
very important factor in the development of regulation. High temperature stress during
seed filling in controlled environments reduces soybean [Glycine max (L.) Merrill] seed
germination and vigor, but the effect of high temperature in the field has not been
determined. Contemporary findings support the results of experiments in controlled
environments by demonstrating that high temperature during seed filling in the field,
without seed infection with P. longicolla or physical injury, reduced soybean seed
germination and vigor. Influence of the seed traits on the root system is known; especially
at begin of vegetation period. Quality roots during the growing period are assumption for
the creation of high-quality seed at most crops. This relationship exists in reverse. In the
suboptimal conditions, the poor quality of seeds result in reduced growth and performance,
quality and variety of the health of crops. When growth is at the beginning of vegetation
period has the bad quality of embryonic roots according to bad seed quality in the
suboptimal field conditions, the negative consequences are during all the vegetation period
[27, 40, 48, 64, 71, 77, 78].

The root system can be affected by the quality of seeds especially at begin of vegetation
period and change The worse seeds in stress environment can affect not only the quality of
the root system with all the physiological consequences, but also in some cases at some
characteristics subsequent generations, especially at the morphologic traits. If the combined
effects of stressors during development and growth of seeds influence the subsequent
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generation through the seed traits it becomes especially at seedling traits and weight loss
and mostly at the root system. This change is also at the chemical composition of the seeds.
This phenomenon is still neglected in the plant breeding.

7. Conclusion

Development of the roots took place after the relocation of the plants to the surface of the
Earth, i.e. long time before development of the seeds. The reason of the seeds development
in the later time is to preserve the species, spread species and survive in unfavorable
conditions (particularly by the development of dormancy). Importance of root traits for the
seed growth and development is very significant and these relationships exist also in oposite
direction - seed traits have influence on the root development. Seed quality is affected by
location of seed on mother plant, by environmental conditions and by storage conditions.

The roots are, from the physiological view the most sensitive part of the plant. The root
system has the role as control centre with rapid transmission information to other plant
parts (“plant brain”).

It is possible to provide selection for cultivar resistance to stress already at the seed
germination stage and on the quality of the plant root system. Quality of the embryonic
roots is important for the following growth and also roots development. In the juvenile
phase and in later stage, there is the same genotype! This is a general biological regularity in
nature.

It is also possible to evaluate characteristics of seeds and seedlings, i.e. make selection at this
developmental phase, after plant hybridization on the basis of the seed and seedlings traits
for the seed quality an also for the classic selection in the plant breeding.
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1. Introduction

Living on the same planet, plants means a lot to us. No matter being taken, as our food or
treated with great commercial significance, plants are so indispensable that we have to learn
how to protect, make use of, and most important of all, get on well with them. In the first
place, what we all understand is: plants are distinguished from us or other animals by being
unable to escape from the surrounding circumstances. Thus, when they are confronted with
living-threaten pressures, their only choice is to try their best to adjust to them.

The second is "But how?" Plants have developed plenty of physical and biochemical
strategies to face up to adverse conditions. Fortunately, thanks to so many excellent
researchers' efforts in this field, we have been making so many progresses in identifying and
characterizing the mechanisms on how plants perceive outside stress and response to it.
Unfortunately, that's far from enough. In this chapter, we will mainly discuss abiotic stress
and endeavor to elucidate the mechanism of various reactions plants take at the molecular
level.

Before we start our discussion, we probably need to know what abiotic stress is all about.
Basically, it includes all the non-living environmental factors that can negatively or even
harmfully affect the growth and productivity of plants. Commonly, we choose to put
drought, flooding or submergence, salinity, extreme temperatures on our daily researching
agenda due to their key roles in producing yield loss of agricultural or industrial crops
worldwide. But other kind of abiotic stress is entitled to be paid more attention, such as high
light, deficits of inorganic nutrients (nitrogen, phosphorus, potassium et al.), and for sure,
they are of definite importance for plants' growth and development. Moreover, one factor
we can not set aside is human behavior, which in a large sense put considerable pressure on
plants. Residuals of chemicals brought by agricultural practice to improve yield may
generate stress, and the increased modification of the atmosphere by human activities is
gaining weight. And what we should really stress on is the compounding damaging effects

I NT EC H © 2013 Yu etal, 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.



114 Agricultural Chemistry

by multiple stress factors acting simultaneously. Thus for plants exposed in diverse stress
conditions, struggling for surviving, they organically adapt a complicated interplay of
signaling cascade to percepting stress signal, then amplifying, transmitting, and finally
triggering stress responses. Furthermore, there do exist overlap between different kinds of
stress responses, which truly explains the cross-tolerance phenomenon, a measure taken by
plants facing with combining stresses. Here, we are going to introduce signal transduction
mechanisms in plants under stressful circumstances, hoping to give readers a general idea
about how plants survive in different stressful situations.

2. Signal transduction

In general, for plant cells, signal transduction starts from the receptor activation, then the
generation of second messengers translating the primary external signal to intracellular
signals. These intracellular messengers will be further interpreted by their co-workers
resulting in the inspiration of downstream pathways. During the whole process, reversible
protein phosphorylation frequently happens; this can activate various transcription factors
inducing the expression of stress responsive genes. Moreover, other components are also
essential for the pathway to process. They have always been mentioned as signaling
partners, mainly working in recruiting and assembling signal complexes, targeting signaling
molecules, as well as controlling their lifespan.

Simply saying, the signal transduction pathway is a delicate cooperating process conducted
by each single participator including receptors/sensors, second messengers, phosphoprotein
cascades, transcription factors, and stress-responsive genes. Eventually the precise and
optimal response will be triggered to protect plants from damages in a large sense. As far as
we know, signal transduction is indispensable for many cellular activities and their
coordination, and most of its steps are complicated occurring in a time and space-dependent
manner. In the following part, we are going to explore every single step of signal
transduction in order to understand how plants cope with various stress in their lifespan.

2.1. Sensors

2.1.1. Complexity in researching on sensors

Sensors act as the molecules pioneering in perceiving stress stimulus and relaying the signal
to downstream molecules to initiate the signal transduction pathway. As the first
participator in the pathway, they must be of great researching meaning. However, they are
also the mainly intricate role for us to recognize.

Firstly, most of the abiotic stress signals themselves are complicated which probably
comprise several physical or chemical signals. Taken the cold stress as an example, it can
induce both osmotic stress and mechanistic stress. Similarly, drought may be accompanied
by osmotic stress, ionic stress, a mechanistic signal, and heat stress in some cases. Based on
these facts, it is natural for us to deduce that for plants there probably exists inequality in
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treating each single stimulus in accordance with the plant status or the stress severity. That
is to say, a simple stimulus may diversely deliver complicated information to the plants,
that's exactly why it is very likely for plants to have multiple cellular sensors to perceive
each stress signal or one attribute of that signal. Secondly, the redundancy of signal
perception make it even harder to identify and confirm each sensor relating to each stress
stimulus, since knocking out one receptor may not significantly affect stress signaling
outputs. Thirdly, even if we find a putative sensor, how to prove our hypothesis could also
become a headache. Because different sensors probably vary in molecular identities, signal-
perceiving modes, outputs, and also subcellular localizations, no wonder not much is
known about plant abiotic stress sensors.

2.1.2. Putative sensors for perceiving stress signal

First of all, how can an external signal turn out to be internal? Where are the
receptors/sensors and transporters? These will be the first bunch of questions we are going
to ask. Imaging if we are plant cells, what will be the first weapon we use to maintain inner
homeostasis when suffering from the outside disturbances? The answer will probably be
"plasma membrane". So far, many researchers have demonstrated that the plasma
membrane (PM) is responsible for perceiving and transmitting external stress signals, as
well as responding to them. For example, when plants are under salinity stress, salt reaches
the PM first, which makes the membrane lipids and transport proteins start to regulate
permeability of this membrane triggering primary responses (Cooke and Burden, 1991). In
many plants, changes in PM lipids, such as sterols and fatty acids, have been observed
responding to salt stress and may contribute to the control of membrane fluidity and
permeability, as a primary stress-responsive reaction (Elkahoui et al., 2004). Therefore, it is
suggested that physical properties of membranes (lipid composition, fatty acid composition)
may lead us to find potential sensors perceiving stress signals.

Secondly, let's stress a little bit more on the most common stress signals, cold, drought, and
salinity. All of these three stresses have been detected to induce transient Ca?* influx into the
cell cytoplasm (Sanders D et al., 1999; Knight, 2000). Thus we can hypothesis channels
responsible for this Ca?* influx possibly acting as a sensor for these stress signals. Based on
what we have discussed above, signaling reception may involve changes in membrane
fluidity and cytoskeleton reorganization, which are also confirmed in early cold signaling
(Sangwan et al., 2001; Wang and Nick, 2001). Coincidentally, cold-induced Ca?" influx in
plants occurs only after the occurrence of a rapid temperature drop (Plieth et al.,, 1999).
Taken together, physical alterations in cellular structures may activate certain Ca?* channels
under cold stress, which indirectly suggests that Ca?* channels might be a putative sensor.

Except the ion channel as a whole, other types of functional proteins can hardly be ignored
on the list of sensors. So far, studies on plants and other systems have also identified several
kinds of sensors. And in order to find sensors effectively in plant abiotic pathways, we need
to borrow the experience and results of researches on other species. It is known that for
plants, cold, drought, and salt stresses will all induce the accumulation of compatible
osmolytes and antioxidants (Hasegawa et al., 2000). In yeast and in animals, mitogen-
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activated protein kinase (MAPK) pathways are responsible for producing osmolytes and
antioxidants, which are activated by receptors/sensors such as protein tyrosine kinases, G-
protein coupled receptors, and two-component histidine kinases. For plants, only histidine
kinases may have been explored and clarified in a deeper sense compared with others.

Retrospecting the history of histidine kinase, one important discovery is the cyanobacterium
histidine kinase Hik33 (Suzuki et al., 2000) and the Bacillus subtilis histidine kinase DesK
(Aguilar et al., 2001) being identified as thermosensors. Unfortunately, even if several
putative two-component histidine kinases have been found in Arabidopsis thaliana (Urao et
al.,, 2000), none of them can be confirmed as thermosensors. However in yeast, a two-
component histidine kinase named SLN1 has been identified as a type of membrane protein
sensor for osmotic stress perception (Maeda et al., 1994, 1995). And then later researches
found out AtHKI1, an Arabidopsis histidine kinase, can complement mutations of SLN1I.
Therefore AtHK1 may participate in osmotic stress signal transduction in plants (Urao et al.,
1999). In conclusion, understanding the function of putative histidine kinases and their
relationship with MAPK pathways not only help us dig out more sensors but also, even
more important, find out how they work in signal transduction pathways.

Thirdly, in plants, the receptor-like kinases and G-protein are worthy to be mentioned in the
searching for stress signal sensors. Why? The stress hormone abscisic acid (ABA) makes us
study on them who may contain putative stress sensors. It is well-known that the ABA is of
great significance in stress signaling, thus, to understand how ABA is perceived certainly
will contribute to revealing the hidden sensing-processes of stress signals. Generally, the
researches on ABA perception mechanisms always relate to putative receptor-linked
components or those putative receptor molecules regulated by stress or ABA.

Here we are going to mention a different way of osmolyte production that involves the
pathways triggering the activation of late embryogenesis-abundant (LEA)-type genes
representing damage repair processes (Zhu, 2001; Xiong and Zhu, 2002). And these LEA-like
genes under cold, drought, and salt stress are modulated by phosphoinositols who are
closely connected with the activity of phospholipase C, which in plants might be regulated
by G-proteins. Moreover evidences suggest G-protein coupled receptors may take part in
perceiving a secondary signal derived from these stresses (Ullah et al., 2001; Wang et al,,
2001), which may brings a hint that G-protein may have a position on primary sensors list.

On the other hand, Arabidopsis heterotrimeric G-proteinasubunit GPA1 may be a part of
ABA response in guard cells but has no relation with ABA-induced stomata closure.
Moreover GPA1 interacts with the G-protein couple receptor-like protein GCR1. Researches
on gpal mutants and gcrl mutants bring us much more information on finding receptors for
ABA. Also some small G proteins are referred to as negative regulator of ABA responses in
Arabidopsis, like ROP10. But the really surprising discovery comes into the world in 2009.
In that year, two research groups from the USA and Germany reported in Science that they
had identified a small protein family binding to ABA interacts with ABA Insensitive 1 and 2
(ABI1 and ABI2), two type 2C protein phosphatases (PP2Cs). And they are negative
regulators of ABA signaling (Ma et al. 2009, Park et al. 2009).
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With the proceeding of the pathway, we can see that abiotic stresses also give birth to
second signaling molecules (discussed below). Therefore, in the next part, we are going to
pay attention to the second messengers and their performance in signal transduction
pathways.

2.2. Second messengers

Several second messengers are active participators in stress signal transduction. Mainly they
are groups of small intracellular signaling molecules or ions, normally locating in the
cytoplasm of a cell and responding to a signal received by a cell-surface sensor, which
activates various kinases to regulate other enzymes' activities. What we mention frequently
as second messengers are reactive oxygen species, lipid phosphates-derived signals, and
cyclic nucleotides-related signals. Besides, some plant hormones also work as secondary
signal molecules under stress conditions.

2.2.1. Reactive oxygen species (ROS)

ROS are species of oxygen which are in a more reactive state than molecular oxygen,
resulting from excitation or incomplete reduction of molecular oxygen. Generally, ROS
contains both free radical (O2¢-, ROe, HOze¢, OHe), and non-radical forms (H202, 'O2). For
plants, they tend to be a two-edged weapon. On one hand, they are highly reactive and
toxic, always taken as unwelcome harmful by-products of normal cellular metabolism, and
causes damage to proteins, lipids, carbohydrates, DNA which ultimately results in cell
death in plants. On the other hand, it has also been proved that ROS can affect genes'
expression and signal transduction pathways, which mean that cells may use it as biological
stimuli and signals to activate and regulate various genetic stress-response processes (Foyer
and Noctor 2009).

Since it means a lot to plants' life, where and how it can be produced? In photosynthetic
tissues, the chloroplast is the prime source of ROS. But for the non-photosynthetic tissues,
mitochondria are the leader in production. In chloroplasts, photosystem I and II (PSI and
PSII) are the major sites for the production of 'Oz and Oz2¢-. In mitochondria, complex I,
ubiquinone and complex III of electron transport chain (ETC) are the major sites for the
generation of Oz2e-. In addition to the mitochondria and NADPH oxidases, additional
cellular sources of ROS production include a host of other intracellular enzymes such as
xanthine oxidase, cyclo-oxygenases, cytochrome p450 enzymes, and lip-oxygenases for
which oxidants act as part of their normal enzymatic function.

Consequently, when plant cells are under stresses, the rate of ROS production usually goes
up, inspiring the activities of antioxidants and scavenging enzymes to keep plants live a
healthy life. Fortunately, plant cells possess very efficient enzymatic (superoxide dismutase,
SOD; catalase, CAT, ascorbate peroxidase, APX; glutathione reductase, GR;
monodehydroascorbate reductase, MDHAR; dehydroascorbate reductase, DHAR;
glutathione peroxidase, GPX; guaicol peroxidase, GOPX and glutathione-S- transferase,
GST) and non-enzymatic (ascorbic acid, ASH; praline; glutathione, GSH; phenolic
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compounds, alkaloids, non-protein amino acids and a-tocopherols) antioxidant defense
systems cooperatively working on controlling the cascades of uncontrolled oxidation and
protecting plant cells from oxidative damage by scavenging of ROS. Eventually, the
equilibrium has maintained between ROS production and antioxidant defense systems.

However, this balance will always be perturbed by various biotic and abiotic stress factors
such as salinity, UV radiation, drought, heavy metals, temperature extremes, nutrient
deficiency, air pollution, herbicides and pathogen attacks. Once it has been challenged,
various signals pathways start to be proceeded to mediate the disturbances to protect cells
from harm brought by extra ROS. For example, when osmotic stress comes, various plant
species show an obviously reduced assimilation rate due to stomatal closure (Huchzermeyer
and Koyro 2005). This result can be owed to an excessive production of reactive oxygen
species (ROS) who are highly destructive to lipids, nucleic acids, and proteins (Kant et al.
2006; Tirkan and Demiral 2009; Geissler et al. 2010).

First and foremost, having been identified as second messengers how does ROS affect stress
signal transduction? Several enzymes which are involved in cell signaling mechanisms are
also potential targets of ROS. These include guanylyl cyclase (E. Vranova, S.
Atichartpongkul, 2002), phospholipase C (C.H. Foyer, G. Noctor, 2003), phospholipase A2
(LM. Moller, 2001) and phospholipase D (A.G. Rasmusson, K.L. Soole, 2004). Ion channels
may be targets as well (G. Noctor, R.D. Paepe, 2006), among which calcium channels was
mentioned (D.M. Rhoads, A.L. Umbach, 2006). Since calcium has ubiquitous functions in
plant stress signal transduction pathway, we are interested in the relationship between ROS
and calcium. Before dive into calcium, let's back to NADPH oxidases that are an important
ROS-generating system. RBOHs shorting for respiratory burst oxidase homologs is always
an eye-catching topic. Recent evidence points out RBOHs relate to heavy-metal induced
accumulation of ROS (Pourrut et al. 2008) and early response to salt stress (Leshem et al.
2007). Subsequently, ROS produced by Rbohs are thought to activate Ca?" channels leading
to further increases in cytosolic Ca?" (Foreman et al. 2003) and downstream signaling. In
general, it has been suggested that ROS took part in the regeneration of Ca? signals by
activating Ca?" channels. Then additional signal transduction was triggered through Ca?-
mediated pathways (reviewed in Mori, I.C. and Schroeder, J.I. 2004).

Except the interaction with calcium, another route for ROS to work is that ROS themselves
can directly modify signaling molecules through redox regulation. Redox status inside a cell
is essential to the correct functioning of many enzymes, which can be used to alter enzyme
activity; thus alteration of the redox status could be treated as a signaling mechanism
(Gamaley and Klyubin, 1999). One of the most important and well-known redox-sensitive
molecules in this respect is glutathione (GSH), which can form the GSH/GSSG couple. The
balance between the GSH and GSSG takes the central position to maintain cellular redox
state (C.H. Foyer, G. Noctor, 2005). But ROS like H202 can affect the process of lowering the
cells' GSH content to alter the redox status. Meanwhile, it also has been suggested that
enzymes such as ribonucleotide reductase and thioredoxin reductase, as well as
transcription factors, might be among the targets for altered redox status. In detail, cysteine
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residues of molecules may be key active sites as targets for redox regulation. And these
molecules can act as potential sensors for ROS (Xiong, L. and Zhu, J.K. 2002).

Secondly, ROS are very likely to play a significant role in the activation of stress-responsive
genes, especially those who encode enzymes responsible for antioxidants biosynthesis or
enzymes directly detoxify reactive oxidative radicals. For example, H2O: production is
thought to be raised under various abiotic stresses, which can enhance gene expression of
active oxygen scavenging (AOS) enzymes. NO, produced under salt stress, could serve as a
second messenger for the induction of PM H-ATPase genes' expression, which promote PM
H-ATPase activity (Liqun Zhao, Feng Zhang et al., 2004).

Thirdly, we are going to stress a little more on H202 and NO. In maize, H2O2 production
grows up induced by chilling stress, and exogenously applied H:0: lifted up chilling
tolerance (T.K. Prasad, M.D. Anderson, 1994). Increased H20: production has been detected
occurring gradually responding to salt stress in rice plants (N.M. Fadzilla, R.P. Finch, 1997).
Moreover, H20: was also reported to induce small heat shock proteins (HSP26) in tomato
and rice (J. Liu, M. Shono, 1999; B.H. Lee, S.H. Won, H.S. Lee, 2000). However, it was
recently shown that H2O: produced by apoplastic polyamine oxidase can influence the
salinity stress signaling in tobacco and can play a role in balancing the plant response
between stress tolerance and cell death (Moschou et al. 2008). NO has also been suggested to
act as a signal molecular mediating responses to biotic and abiotic stresses. Under salt stress,
NO could serve as a second messenger for the induction of PM H-ATPase expression, which
may account for the enhanced PM H-ATPase activity. Thus, ion homeostasis is reestablished
so as to adapt to salt stress (Liqun Zhao, Feng Zhang et al., 2004).

Furthermore, researches on ABA give us much more information on H202and NO in signal
transduction. So let's take a look at how they work in ABA signaling and other signal
transduction pathways. The process of stomata closure regulated by ABA in a large sense
require the generation of H202. Moreover, H2O2 production may be a prerequisite for ABA-
induced stomatal closure (Zhang, X., Zhang, L. et al. 2001). Experiments have found out
mutations in genes encoding catalytic subunits of NADPH oxidase, known as the major
source for H202 production, will impair ABA-induced ROS production, as well as the
activation of guard cell Ca? channels and stomata closure (Kwak J.M., Mori, I.C. et al. 2003).
In plants, both nitrate reductases and NO synthases (NOS) can contribute to NO generation.
Loss-of-function mutations in Arabidopsis NOS, AtNOSI, impair ABA-induced NO
production and stomata closure (Guo, F.Q., Okamoto, M. and Crawford, N.M., 2003).

On the other hand, accumulated evidence indicate ROS seem to play a central role in
regulating Mitogen-activated protein kinase (MAPK or MPK) cascades (discussed later in
detail). However, only the functions of MPK4, MPK3 and MPK®, out of the 20 Arabidopsis
MAPKSs, have been thoroughly characterized. What really counts is they can all be activated
by ROS and abiotic stress. In addition, activities of MPK1 and MPK2 have been shown to be
provoked by H202 and ABA (Ortiz-Masia et al. 2007). Also MPK7 was found to be activated
by H20: under specific circumstances (Ddczi et al. 2007). Furthermore, the authors found
that H20O2 may probably have a generally stabilizing impact on MAPKKs (MAP kinase
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kinases). In the future, we still have lots of work to elucidate how ROS regulate MAPK
signaling in abiotic stress field.

All in all, even if we are holding a lot of evidence about the functions of ROS in abiotic
stress, we still have to face up to those obscure steps relating to different mechanisms, not to
mention hundreds of stress responsive genes involved in.

2.2.2. Lipid-derived signal messengers

It is well-known that cellular membranes contains a wide range of different lipids, including
sphingo-, neutral-, glyco-, and phospholipids, all with unique biophysical properties.
Beyond the structural role, some of them are equipped with direct signal-transducing
properties. What we discussed in the sensors part is that membrane lipids can directly
response to abiotic stress stimuli by modulating membrane fluidity or its other
physiochemical properties, but in this part we will take another angle to demonstrate its
significant function in the process of generating intracellular signaling molecules. Moreover
lipids and their biogenesis and degradation enzymes play many direct or indirect roles to
regulate or affect signaling and stress tolerance. In signal transduction, signaling lipids are
distinguished for their low abundance and rapid turnover. They are rapidly formed
responding to diverse stimuli through lipid kinases or phospholipases' activation. Thanks to
the lipid-binding domains, these lipid signals can activate enzymes or recruit proteins to
membranes leading to the activation of downstream signaling pathways resulting in specific
cellular events and physiological responses. Studies on them find out, for plants, lipid
signaling form a complex regulatory network responding to abiotic stress.

Basically, in eukaryotes, typical signaling lipids includes phosphatidylinositol lipids
(polyphosphoinositides; PPIs), certain lyso-phospholipids, diacylglycerol (DAG), and
phosphatidic acid (PA) (Munnik and Testerink, 2009; Xue et al.,2009; Munnik and Vermeer,
2010). Among them, PA is of great importance as a lipid second messenger in plants
involved in various biotic and abiotic stress conditions. Based on thousands of researches, it
is easy to detect almost every environmental cue can trigger a rapid PA response (Testerink
and Munnik, 2005; Arisz et al., 2009; Li et al., 2009; Mishkind et al., 2009). How can PA be
produced? Two ways in brief. Directly PA is generated through activation of phospholipase
D (PLD), and indirectly a phospholipase C/diacylglycerol kinase (PLC/DGK) pathway
regulated by two types of PLC enzyme named as the PI-PLCs (phosphoinositide-PLCs) and
NPCs (non-specific PLCs). After the rapidly bounce up under stress, PA level will go back to
normal when stimuli disappear. (Christa Testerink et al. 2011).

In most of the osmotic stress cases, both PLC/DGK and PLD pathways are activated leading
to fast and transient PA accumulation, but exceptions also exist (Zonia and Munnik, 2004;
Darwish et al., 2009; Hong et al., 2010). Besides responding to osmotic stress, we also see the
PLDal enzyme participating in cold, frost, and wound stress signaling (Bargmann et al.,
2009; Hong et al., 2010) and probably by promoting responses to ABA, especially in stomata
(Mishra et al., 2006). On the other side, PLC/DGK pathways also get activated by salinity
(Arisz, 2010). Earlier we knew that AtPLC1, one of the PI-PLCs, was shown to be induced by
salinity and drought (Hirayama et al., 1995), which is necessary for ABA-induced inhibition
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of germination and gene expression (Sanchez and Chua, 2001). Recently, NPC4 (a NPC
isoform) was found to modulate responses to ABA and bring enhanced salt and drought
tolerance (Peters et al., 2010). In addition, several ABA signaling proteins have been
identified as potential PA targets (Mishra et al., 2006), which has further suggested PA could
mediate ABA responses. Meanwhile, cooperation between the NADPH oxidase isoforms
RbohD, RbohF and PA brings more information for us to understand PA's function in ABA-
induced ROS generation and stomatal closure (Zhang et al., 2009). Furthermore, PA also
targets other protein kinases like SnRK2 protein kinase (Testerink et al., 2004), MAPK
isoform MPKG®6 (Yu et al., 2010), sphingosine kinase (SPHK) (Liang Guo, XueminWang, 2012)
to influence diverse signaling transduction pathways.

Other two important second messenger molecules - inositol phosphates Ins(1,4,5)P3 and
DAG (diacylglycerol) are worthy to be mentioned here. Firstly, InsP3 was shown to release
Ca? from an intracellular store in the early 90s, but recently evidences pops up suggesting
that InsP6 was shown to release Ca?* at a 10-fold lower concentration than InsP3 (Lemtiri-
Chlieh et al., 2003; Teun Munnik, 2009), who can be generated by phosphorylating InsP3. By
the way data can be found demonstrating that whole-plant IP3 level goes up significantly
within 1 min after stimuli occur, and keep the tendency for more than 30 min under stress.
Under osmotic stress, in Arabidopsis, phosphatidylinositol 4,5-bisphosphate (PtdIns(4,5)P2)
is hydrolyzed to IP3. And IP3 accumulation occurs coincidently in a time frame similar to
stress-induced calcium mobilization (Daryll B. DeWald et al., 2001). In conclusion, what we
can say is under different stress, to identify the most critical second messenger molecules
depends on the research on the network consisting of multiple polyphosphoinositides.

Secondly, diacyglycerol (DAG) is an important class of cellular lipid messengers, but for its
function in plants, data is not sufficiently provided. In Arabidopsis thaliana, knocking out
NPC4 results in DAG level decrease and compromises plant response to ABA and
hyperosmotic stresses. On the other hand, overexpressing NPC4 leads to higher sensitivity to
ABA and stronger tolerance to hyperosmotic stress than wild-type. And later experiments
indicate that NPC4-produced DAG is converted to PA and NPC4 might be a positive regulator
in ABA response and promote plant tolerance to drought and salt stresses (Carlotta Peters et
al, 2010). Furthermore, all higher plant genomes sequenced so far lack both InsP3 receptor and
the DAG target, PKC (Munnik & Testerink 2009). In conclusion, we have reasons to believe in
that PA rather than DAG are more likely to play a central role in stress signaling transduction.

At last, we'd love to say more about other types of phospholipases like secreted
phospholipase Az and patatin-related phospholipase A (pPLA) who were shown to have
functions in auxin signal transduction by cooperating with auxin receptors ABP1 or TIR1.
(Gunther F. E. Scherer et al., 2012 ). And this fact helps us to further confirm the significance
of phytohormones in signaling transduction which will be discussed below.

2.2.3. Phytohormones

When it comes to phytohormones, strictly speaking, we can not conclude them as second
messengers, but the first and foremost idea needs to be posted here is "The most powerful
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players in intercellular regulation are plant hormones." (Wolfgang Busch, Philip N. Benfey,
2010). Owing to the broad and diverse functions, many of phytohormones were discovered
before the dawn of molecular genetics (Sachs and Thimann, 1967; Thimann and Skoog,
1933). In generation, they are a large bunch of trace amount growth regulators, the best-
known group comprises auxin (IAA), cytokinin (CK), gibberellic acid (GA), abscisic acid
(ABA), jasmonic acid (JA), ethylene (ET), salicylic acid (SA), but the name list is growing by
time. Here we add brassinosteroids (BR), nitric oxide (NO), polyamines, and strigolactone
(SL). Indubitably phytohormones have various functions in growth and development.
Indeed, they play central roles in nutrient allocation, and source/sink transitions. However
based on former description relating to sensors and second messengers, we have to focus on
here is that these low-molecular-weight compounds are indispensable for coordinating
various signal transduction pathways during responses to various abiotic stresses.

Firstly, they function as systemic signals that can transmit information over large distances.
Like ABA, it can be transported and play physiological roles at sites far away from where it
is synthesized (Sauter, A. et al, 2001). And different types of cells have their own
understanding even for the same hormones signal. And information from diverse hormones
always triggers coherent responses of cells. This is signal perception at cellular level. Lucky
for us, modern transcriptome profiling technologies have provided a global view of
hormones' effects at the molecular level and identified hundreds to thousands of genes, the
expression levels of which are modified by individual hormones (Goda et al., 2008). A large
number of data have proved that treating plants with exogenous hormones will rapidly and
transiently alter genome-wide transcript profiles (Chapman and Estelle 2009).

Secondly, complex networks of gene regulation by phytohormones under abiotic stresses
involve various cis- or trans-acting elements. Some of the transcription factors regulated by
phytohormones include ARF, AREB/ABF, DREB, MYC/MYB, NAC, WRKY and other key
components functioning in signaling pathways of phytohormones under abiotic stresses will
be briefly mentioned later. And they often rapidly alter gene expression by inducing or
preventing the degradation of transcriptional regulators via the ubiquitin—proteasome
system (Santner A, Estelle M, 2010).

Thirdly, the ability of plants to a wide range of environmental stresses is also finely
balanced through the interaction of hormonal plant growth regulators and the redox
signaling hub. Plant hormones produce reactive oxygen species (ROS) as second messengers
in signaling cascades that convey information concerning changes in hormone
concentrations and/or sensitivity to mediate a whole range of adaptive responses (Carlos G.
Bartoli et al., 2012). For example, Brassinosteroids (BRs) can induce plant tolerance to
diverse abiotic stresses by triggering H20: generation in cucumber leaves (Cui et al., 2011).
In the following part we will simply introduce how phytohormones work in signal
transduction, and how they talk with each other when they exchange information.

Let's start from ABA, whose synthesis is one of the fastest responses to abiotic stress for
plants. Under water stress, ABA synthesis triggers ABA-inducible gene expression leading
to stomatal closure, thereby reducing water loss through transpiration, and consequently, a
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reduced growth rate (Schroeder, J.I. et al.,, 2001). ABA also plays a vital role in adapting to
cold temperatures. Cold stress induces the synthesis of ABA and the exogenous application
of ABA enhances the cold tolerance of plants. A large number of genes associated with ABA
biosynthesis and ABA receptors-encoding genes and downstream signal relays have been
characterized in Arabidopsis thaliana (reviewed by Cutler SR et al., 2010). ABA activates the
expression of many stress-responsive genes independently or synergistically with stresses,
which makes it become the most studied stress-responsive hormone.

Other hormones, in particular CK, SA, ET, and JA, also have substantial direct or indirect
performances in abiotic stress responses. CK is an antagonist to ABA, and under water
shortage situation, CK levels usually decrease. But transgenic tomato rootstocks expressing
IPT (isopentenyl transferase, a gene encoding a key step in CK biosynthesis) had improved
root CK synthesis shown raised salinity stress tolerance (Ghanem ME et al, 2011).
Meanwhile, by checking public microarray expression data for A. Thaliana, numerous genes
encoding proteins associated with CK signaling pathways have been found affected by
various abiotic stresses (Argueso CT et al., 2009). Although auxins, GAs, and CKs have been
implicated primarily in developmental processes in plants, they regulate responses to stress
or coordinate growth under stress conditions (Giinther F. E. Scherer et al., 2012; F. Eyidogan
et al., 2012). Auxins taking part in drought tolerance was postulated by researchers (ZhangS-
W et al,, 2009). What's more, BR was reported (mainly researches on exogenous application
of BR) to induce stress-related genes' expression, which results in the maintenance of
photosynthesis activity, the activation of antioxidant enzymes, the accumulation of
osmoprotectants, and the induction of other hormone responses (Divi UK et al., 2009). In
conclusion, there do exist a complex network for phytohormones to contribute to stress-
induced reactions for plants. And due to the overlap between hormone-regulated gene
suites in the adaptive responses, we have to discuss cross-talk between the different
hormone signaling pathways as a extensive part of that complex network.

Earlier, it was reported that ABA can inhibit the biosynthesis of ethylene and may also
potentially reduce the sensitivity of plants to ethylene (Sharp, R.E., 2002). Recently the
expression of many other genes associated with auxin synthesis, perception, and action has
been shown to be regulated by ethylene (Stepanova AN, Alonso JM, 2009). And it is not
surprising that auxin has been found involved in ethylene biosynthesis very early.
Meanwhile, CK was shown to be a positive regulator of auxin biosynthesis (Jones B et al.,
2010).

Furthermore, GA and BR regulate many common physiological processes like the growth
and development in rice seedlings (Wang L et al., 2009). Except BR, GA has another partner
- SA. Transgenic A. thaliana plants constitutively overexpressing a GA-responsive gene
became more tolerant under abiotic stress and this stronger tolerance was correlated with
increased endogenous levels of SA (Alonso-Ramirez A et al., 2009).

Discussed above, ABA can regulate stomatal actions under stress conditions; however, it is
not alone in that process. CK, ET, BR, JA, SA, and NO also affect stomatal function
(reviewed by Acharya B, Assmann S, 2009). In detail, ABA, BR, SA, JA, and NO induce
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stomatal closure, CK and IAA promote stomatal opening. And we mentioned before, NO
acts as a key intermediate in the ABA-mediated signaling network in stomatal closure.
Moreover BR-mediated signaling was regulated by ABA, and in turn, ABA was also shown
to inhibit BR-induced responses under abiotic stress (Divi U et al., 2010). And it is not hard
to deduce that there are other tricky relationships between different hormone-involved
pathways. Cross-talk between the phytohormones results in synergetic or antagonist
interactions, which is crucial for plants in abiotic stress responses. To characterize the
molecular mechanisms regulating hormone synthesis, signaling, and action means a lot to
modificate hormone biosynthetic pathways to develop transgenic crop plants with
promoted tolerance to abiotic stress.

2.3. Ca* as an intermediate signal molecule

So far, we have already touched some grounds related to Calcium (Ca?*) functioning in
signal transduction. Among all ions in eukaryotic organisms, it is likely to be the most
versatile one who almost links to all aspects of plant development, not to mention many
regulatory processes. The reason why it is so powerful may root in its flexibility in
exhibiting different coordination numbers and complex geometries, and this ability makes it
easily form complexes with proteins, membranes, and organic acids. However we won't
detect high cytosolic or organelle Ca?" concentrations resulting from the tight management
of various Ca? pumps and transporters. The reason why the concentration needs to be
controlled is that higher Ca?" concentrations can chelate negatively charged molecules in the
cell leading to cytotoxicity. Interestingly, all the secondary signaling molecules we
mentioned above may activate transient increases in cytosolic Ca?*, and transient elevations
in cytosolic Ca?" concentration have been documented to have relationship with a multitude
of physiological processes linking to abiotic stress responses. So we may wonder
concentration control probably will help us tell the story of another famous second
messenger--- Ca% in signal transduction for plants under abiotic stress.

Earlier in 1982, research on the green algae Chara told us the cytosolic Ca?* concentration
change predicted Ca? might work as a second messenger in plants (Williamson and Ashley,
1982). Based on later reports, it has been found various stimuli will spur their own special
Ca?*responses differing in where and how changes happen (Johnson et al., 1995; Tracy et al.,
2008), which exactly supports the former concept of Ca?* signature. For plants, to maintain
Ca? homeostasis, they need the help from Ca? channels, pumps, and exchangers (carriers)
to make specific adaptation to every kind of stimulus (Kudla et al., 2010). Later, cellular Ca?
signals are decoded and transmitted by Ca?-binding proteins that relay this information
into downstream responses. Major Ca?* signal transduction routes contain Ca?-regulated
kinases mediating phosphorylation events and regulation of gene expression via Ca*-
regulated transcription factors and Ca?-responsive promoter elements.

Generally speaking, Ca? signaling comprises three phases: generation of a Ca?* signature,
sensing the signature and transduction of the signal (Reddy and Reddy, 2004). Having
discussed above, we are informed that the concentration change are always triggered by
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cellular second messengers, such as NAADP, IP3, IP6, Sphingosine-1-Phospate, and cADPR
(Allen and Sanders, 1995; Navazio et al., 2000; Lemtiri-Chlieh et al., 2003). Then a specific
cellular Ca?* signature is sensed by Ca?*-binding proteins, the Ca?* sensors (Dodd et al., 2010;
Reddy and Reddy, 2004). The sensors themselves may become active to transduce the signal
by themselves, or choose to bind to their interacting proteins and affect their partners’
activity to transduce the signal. In detail, there are three major classes of Ca? sensors identified
in plants. The first one is calmodulins (CaMs) and calmodulin-related proteins (CMLs). CaMs
is a group of small acidic protein, highly conserved in eukaryotes (Snedden and Fromm, 2001),
and contains four EF hands (one major Ca?" binding motif) where bind Ca?. Moreover this
binding action induces a conformational change of CaM, leading to exposure of hydrophobic
surfaces and further triggering electrostatic interactions with target proteins - CaM-binding
proteins (CBPs) (Hoeflich and Ikura, 2002). CBPs have been found to take part in regulating
transcription, metabolism, ion transport, protein folding, cytoskeleton-associated functions,
protein phosphorylation and dephosphorylation, as well as phospholipid metabolism (Yang
and Poovaiah, 2003; Reddy and Reddy, 2004). Furthermore, different CaM proteins exhibit
differential expression and are likely to show differential affinity to Ca? and to their target
proteins (McCormack et al., 2005; Popescu et al., 2007), which makes CaM be equipped with
multiple capabilities in Ca?* signal transduction. With many similarities to CaMs, CMLs are
mostly composed of four EF-hands and lack other known functional domains. Like CaMs,
they relay the signal by binding to other proteins resulting in activation or inactivation of
interacting proteins. Over 300 proteins that interact with CaMs and CMLs have been identified
in plants (Popescu et al., 2007). The second class of Ca? sensor is represented by the calcium-
dependent protein kinases (CDPKs/CPKs) who are serine/threonine protein kinases contain a
catalytic kinase domain and EF-hand motifs (Cheng et al., 2002). The third typical sensor type
is the EF-hand-containing Ca?-modulated protein named SCaBP (SOS3 (Salt-Overly-Sensitive
3)-like Ca?*-biniding proteins)/Calcineurin B-like (CBL) proteins, which is plant-specific
(Luan et al, 2002). CBLs interact with a family of protein kinases called CBL-interacting
protein kinases (CIPKs) (Luan et al.,, 2009; Weinl and Kudla, 2009; Batistic et al., 2010). In
addition to EF-hand-containing Ca? binding proteins, there are other proteins without that
motif acting as sensors who also can bind Ca?, like PLD (introduced in 2.2.2), annexins and C2
domain—containing proteins (Clark and Roux, 1995; Reddy and Reddy, 2004; Laohavisit and
Davies, 2011), however their functions in abiotic stress responses haven't been deeply
explored, and only some reports suggest PLD and annexin be relevant to stress signal
transduction (White et al., 2002; reviewed by Laohavisit and Davies, 2011).

However here we will mainly stress on the EF-hand-containing sensors due to their
considerable significance in signal transduction pathways. Based on their functional styles,
these sensors are assigned into two camps termed as sensor relays and sensor responders
(Kudla et al., 2010). The sensor relays do not have any known enzymatic or other functional
domains except the EF hands. They interact with other proteins and regulate their activities,
just like CaMs/CMLs, and CBLs (with one exception, CaM7) (McCormack et al., 2005; Luan,
2009; DeFalco et al., 2010). The members of another camp are characterized by an additional
a catalytic or functional domain, except EF hands, whose activity is regulated by Ca?
binding to EF-hand motifs. So definitely CDPKs belong to this camp, and other members are
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Ca?-and Ca?/CaM-dependent protein kinases (CCaMKs), some DNA or lipid binding
proteins, and a few enzymes (Day et al., 2002; Yang and Poovaiah, 2003; Harper and
Harmon, 2005). Many calcium sensors are coded by multiple genes, and expression of many
of these is induced by stresses (DeFalco et al., 2010).

Then, let's take a look at what will be the next move of those Ca?*-activated sensors. Firstly,
they can directly bind to cis-elements in the promoters of specific genes and induce or
repress their expression. Secondly, they will choose to bind to DNA binding proteins and
activate or inactivate them, thereby resulting in activation or repression of gene expression.
The third path belongs to the activated Ca?*-regulated protein kinases (CDPK,CaM binding
protein kinase (CBK), CIPK and CCaMK) or phosphatases. They phosphorylate/
dephosphorylate a transcription factor (TF), respectively, resulting in activation or
repression of transcription, which allow for the perception and transmission of Ca?
signatures directly into phosphorylation cascades that orchestrate downstream signaling
responses (Weinl and Kudla, 2009). The most well-known TFs involved in the
phosphorylation include Calmodulin binding transcription activators (CAMTAs; also
referred to as signal-responsive proteins or ethylene-induced CaM binding proteins) (Reddy
et al., 2000), MYB family (Popescu et al., 2007), the WRKY family (Park et al., 2005; Popescu
et al., 2007), basic leucine zipper (bZIP) TFs, like TGA3 (Szymanski et al., 1996) and ABA-
responsive TFs ABF1, 2, 3, and 4 (reviewed in Galon et al., 2010), and CBP60s who is a plant-
specific CaM binding proteins family (Reddy et al., 1993; Zhang et al., 2010), as well as
members of NAC family (Kim et al., 2007; Yoon et al., 2008). However they are TFs binding
to Ca?/CaM under Ca?* regulation, so we posted here another two TFs who can directly
bind Ca?". One is encoded by Arabidopsis NaCL-INDUCED GENE (NIG) (Kim, J., and Kim,
H.Y., 2006), and the other is At-CaM7 (Kushwaha et al., 2008). In sum, Ca? and their
interacting proteins served as the upstream elements play an important role in regulating of
some stress genes expression.

Meanwhile, what performance they will give in each specific abiotic stress condition needs
to be simply introduced here. For drought stress, cellular Ca? transmits drought signals to
regulate the physiological responses induced by drought stress (Dai et al., 2007). It has been
found that Ca?" treatment increased protection against membrane lipid peroxidation and
stability of membranes and therefore resulted in the increase of drought resistance of rice
seedlings. It is also reported that in wheat Ca** may reduce the adverse stress effects by
elevating the content of proline and glycine betaine, thus improving the water status and
growth of seedlings and minimizing the injury to membranes (Geisler et al., 2000; Munns et
al., 2006; Goldgur et al., 2007). Additionally, Ca?/CaM means a lot to the process of ABA-
induced drought signal transferring under PEG stress. And ABA synthesis correlates with
cytoplasmic Ca?* concentrations ([Ca?]yt) (Rabbani et al., 2003; Noctor, 2006). We know how
important ABA is to the stomatal status, and now more studies have established a close
relationship between [Ca?]eyt oscillation and stomatal status. In addition, in Arabidopisis
genome, 9 SOS3 homologs (SCaBP/CBL) and 22 SOS2 homologs (SOS2-like protein kinases -
PKS/CBL-interacting protein kinases-CIPK) were identified. By the way, SOS2 is a
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serine/threonine protein kinase with an SNF1/AMPK-like catalytic domain and a unique
regulatory domain (Liu et al., 2000). Individual SCaBP/CBL interacts with PKS/CIPK with
different specificities (Gong et al., 2004; Luan et al,, 2002). And it is indicatied that the
interaction between SCaBP5 and PKS3 may interpret Ca?* signatures resulting from ABA or
drought stress signals. On the other hand, SOS3 interact with and activate the SOS2, whose
mutation also confers salt sensitivity. Then the activated SOS2 phosphorylates and regulates
ion transporters such as the Na*/H* antiporter SOS1 controlling long-distance Na* transport
from the root to shoot, which eventually leads to the restoration of ion homeostasis in the
cytoplasm under salt stress (Zhu, J.K., 2003).

In light of salt stress, like other stresses, it is perceived at cell membrane and then trigger
intracellular-signaling cascade including the generation of secondary messenger molecules
like Ca? and protons. For instance, it was found that in barley roots, under NaCl stress,
Ca?-CaM system may work in activating tonoplast H*-ATPase and regulating Na* and K*
uptake with involvement of SOS signal transduction pathway (Brini et al., 2007). In
Arabidopsis, experiments to overexpress AtCaMBP25 (a CaM binding protein) who may be
a a negative regulator of osmotic stress tolerance find the transgenic Arabidopsis plants
show higher sensitivity to osmotic stress, while the antisense plants gain more tolerance
under salt stress (Perruc, E. et al., 2004).

Furthermore, when it comes to uncomfortable temperature, is there any position for Ca?*?
For sure. The Ca? channels have shown their power for the growth of root hairs and the low
temperature acclimation of chilling-resistant plants. That's why we find data indicating that
the activity and stability of Ca?*-ATPase under 2 °C low temperature are the key factors in
the development of cold resistance of winter wheat (Yamaguchi-Shinozaki, 2006). Moreover
the studies on Arabidopsis mutants displaying reduced tonoplast Ca?/H* antiport (CAX1)
activity indicate that CAX1 participates in the development of the cold acclimation response
(Lecourieux et al., 2006). On the other field of temperature acclimation, there exists data
showing in Arabidopsis, Ca?*/CaM have gotten involved in heat shock response (Zhang et
al., 2009). And we also find some researches on overexpression of a CDPK in rice which
brings increased tolerance to cold and salt stress (Saijo, Y. et al., 2000).

Taken together, depending on the type of signal or the type of cell, internal and/or external
Ca?* stores could be involved in raising [Ca?']yt (Dodd et al., 2010; Kudla et al., 2010). Both
types of Ca?* transporters, namely, Ca?*-ATPases and CAXs involve in plant responses by
regulating [Ca*]qt. Based on that, regulating cellular and intercellular Ca* signaling
networks brings improving resistances or tolerances. And seeing from the regulation
networks of stress responses to drought, salt and cold stress, we find Ca?* and its interacting
proteins may be the cross-talks among ABA-dependent, MAPK and other stress signaling
pathways. Anyway, we can see the core of Ca? actions in relaying abiotic stress signaling
depends on how to translate Ca? signatures to specific protein phosphorylation
cascades,which we have mentioned above, so in the following part, we are going to trace the
performance of phosphoproteins in signal transduction.
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2.4. Role of phosphoproteins in stress signaling

By controlling the phosphorylation status of other proteins, protein kinases and
phosphatases play a fundamental role in coordinating the activity of many known signal
transduction pathways. For many signal pathways not only in abiotic stress field, protein
reversible phosphorylation is the major player in relaying signals. And during this
significant process, we highlight the functions of protein kinases and protein phosphatases
who are enzymes to catalyze these reversible phosphorylation processes. And they are
divided into several categories according to their structure or functional characteristics. And
in the following part, we will give a general idea to the readers about their central role in
signal transduction in abiotic stress aspect.

2.4.1. MAPK

Obviously, we have seen MAPK many times in formal description in this chapter. Even if it
is not found in plants, the mitogen activated protein kinase (MAPK) cascades are known to
be involved in plant abiotic stress responses acting as intracellular signal modules that
mediate signal transduction from the cell surface to the nucleus. The reason to mention it
here is that phosphorylation plays a central role in the progression of the signal through the
MAPK cascade. Moreover MAPK cascades, the conserved signaling modules found in all
eukaryotes, are fundamental in transducing environmental and developmental cues into
intracellular responses bringing changes in cellular organization or gene expression. The
simplest constitution of a MAPK cascade contains MAP kinase kinase kinases
(MAP3Ks/MAPKKKs/MEKKSs), MAP kinase kinases (MAP2Ks/MAPKKs/MEKs/MKKs) and
MAP kinases (MAPKs/MPKs) (Mishra NS et al.,, 2006). And when under stress, stimulated
plasma membrane will activate MAP3Ks or MAP kinase kinase kinase kinases (MAP4Ks),
who may be the adapters to link upstream signaling steps to the core MAPK cascades (Dan I
et al., 2001). Following that, MAP3Ks will phosphorylate two amino acids in the S/T-X3-5-
S/T motif of the MAP2K activation loop. Then MAP2Ks phosphorylate MAPKSs on threonine
and tyrosine residues at a conserved T-X-Y motif at the active site. When signals come to
MAPKSs, further phosphorylation will tag on a wide range of substrates involving other
kinases, cytoskeleton-associated proteins, and/or transcription factors. As for formation and
integrity of a specific MAPK cascade, scaffold proteins take control over it (Whitmarsh AJ et
al., 1998). And after signaling completed, MKPs (MAPK phosphatases) take the responsibility
to shut the pathway down. Generally, the whole cascade is regulated by various mechanisms,
including not only transcriptional and translational regulation but through post-
transcriptional regulation such as protein-protein interactions (Rodriguez MC et al., 2010).

Thanks to traditional genetic and biochemical methods and lots of excellent research efforts,
we can conclude that MAP3K/MAP2K/MAPK signaling modules show overlapping roles in
controlling diverse cellular functions by forming complex interconnected networks within
cells. These include cell division, development, hormone signaling and synthesis, and
response to abiotic stress (high and low temperature, drought and high and low osmolarity,
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wounding, high salinity, UV radiation, ozone, ROS, heavy metals), as well as biotic stress
reactions (Jonak C et al.,, 2002; Xiong L et al., 2003; Raman, M. et al.,, 2007; Gohar Taj et al.,
2010; Alok Krishna Sinha et al., 2011).

According to the researches on MAPK pathways, we can see that regulated expression of
MAPK components shows effects on stress sensitivity. Here are some examples. Expression
of an active form of a tobacco MAP3K, NPKI, increases freezing tolerance of transgenic
tobacco or maize plants (Kovtun, Y et al., 2000; Shou, H et al., 2004). Meanwhile, MAP2K1
shows transcriptional induction under salt stress, drought and cold, as well as activated by
wounding and drought stress. And MAP2K1 can phosphorylate MAPK4. An unsurprised
fact is that MAPK4 and MAPK6 are found to be activated by cold, salt and drought
(Ichimura K et al, 2000). Indeed, a MAPK module composed of MAP3KI1-
MAP2K1/MAP2K2-MAPK4/MAPK®6 has been confirmed in cold and salt stress by yeast two
hybrid analyses and yeast complementation (Teige M et al., 2004). So we can say different
MAPKSs are activated at different times after the onset of stress and the activities of these
MAPKs are activated within different time periods. By the way, during osmolarity signaling
MAPKSs module seems to be widely involved (reviewed by Gohar Taj et al., 2010).

Due to the interlink between osmotic stress and oxidative stress, we are informed of the
relationship between ROS, hormone signaling and MAPKs. ROS like HO: is closely
associated to MAPKSs' activities. In Arabidopsis, H20: activates AtMPK6 and the related
AtMPK3 via the MAP3K ANP1(Desikan R et al., 1999), and AtMPK6 are involved in cold
stress as we knew before. Additionally, in tobacco, under H202 and ozone treatment, the
ortholog of AtMPK, SIPK1 will be activated as well (Samuel MA et al., 2000). These findings
imply that multiple MAPK modules mediate oxidative stress responses and that MAPK
cascades are not only induced by ROS but may also regulate ROS levels. Meanwhile,
activating SIPK1 (salicylic acid-induced protein kinase), who is an NO-activated protein
kinase in tobacco, can not process without SA, which brings a suggestion for the existence of
cross-talk between ROS, hormone signaling and MAPKs. Here is some other evidence
coming from studies on stomatal movement (Eckardt NA., 2009). In guard cells of Vicia
faba, MAP2K is believed to regulate stomatal movement through mediating H20:
generation induced by ABA (Song XG et al., 2008). Later, in guard cells studies, MAPK9 and
MAPKI12 have been proved to serve as positive regulators acting downstream of reactive
oxygen species and calcium signaling in ABA signaling. In 2.2.4, we talk about ABA- and
Ca?-induced stomatal closure, so we can't help wonder is there any link between MAPK
and ABA- and Ca*-induced pathways? Yes, it has been found that ABA and Ca?* signals
cannot activate anion channels in mpk9/12 mutants, thus indicating that these two MAPKs
act between the ABA and Ca?" signals and the anion channels. (Jammes F et al., 2009).

Even if the role of MAPK in ABA signaling has not yet been directly confirmed, the attempts
to clarify the relationship between hormone and MAPKSs never stop. Not just for ABA, the
role of MAPK signaling cascades in auxin signaling and ethylene biosynthesis has been
documented in numerous studies (Dai Y et al., 2006; Xu J et al., 2008). Eventually, the genes
in hormone biosynthesis (ethylene) and responses (auxin) are altered, it is of great
significance to distinguish the direct targets of MAPK cascade from those that are regulated

129



130 Agricultural Chemistry

by altered hormonal and oxidative stress responses. On the other hand, recently in heavy
metal stress studies, we find data supporting that MAPK3 and MAPK6 are activated
responding to cadmium through ROS accumulation produced by oxidative stress in
Arabidopsis (Liu XM et al., 2010), which further demonstrate the close relevance between
ROS and MAPKs.

Meanwhile, by searching for the linkage between MAPKSs and its various substrates
involving other kinases and transcription factors, we gain much more information about
MAPK cascades. Over-expression of MAP2K2 affects genes for several transcription factors
(such as RAV1, STZ, ZAT10, ERF6, WRKY, and CBF2), disease resistance proteins, cell wall
related proteins, enzymes involved in some secondary metabolisms and an 1-
aminocyclopropane-1-carboxylic acid synthase (ACS). In the case of ACS, the rate-limiting
enzyme of ethylene biosynthesis, the phosphorylation by MAPKs and by CDPKs affects
protein stability and turnover, which again shows us the complicated cross-talk network
(Bernhard Wurzinger et al., 2011). So it is a big challenge to identifying the targets of MAPK
cascades, but the researches on other protein kinases leave us useful clue to find the answer.

2.4.2. Other protein kinases

Whether at the transcript level or activity level, protein kinases are induced by a variety of
abiotic stress, which indicates their powerful participation in signaling process. Moreover no
matter suppressing or overexpressing these kinases, there both exists data showing that in
transgenic plants, stress responses has changed. So far, we know several protein kinases
involved in stress tolerance are stimulated by ABA, such as most of SNF1-related kinases
(5nRKs) like SnRK2, SnRK3 (CIPK), CDPK and MAPK families. But others like Glycogen
synthase kinase 3 (GSK3) ( Jonak and Hirt, 2002; Koh et al., 2007), S6 kinase (S6K) (Mahfouz
et al., 2006), SERK (Marcelo O. Santos et al., 2009) also attract a lot of attention.

Now let's start from SnRKs. The SnRK2 family members are plant-specific kinases relating
to abiotic stresses responses and abscisic acid (ABA)-dependent plant development. They
have been classed into three groups; members of group 1 are not activated by ABA, and
group 2 also will not be activated or weekly activated, while group 3 is strongly activated by
ABA. In Arabidopsis the SnRK2 subfamily consists of 10 members. Except SnRK2.9, all
SnRK2s are activated by osmotic and salt stress (Boudsocq, M. et al., 2004). Take SnRK2.6
(OST1) as an example. SnRK2.6 functions in the ABA signaling pathway upstream ABA-
induced ROS production. It is related to the ABA-activated protein kinase AAPK in Vicia
faba and also associates with SNF1 protein kinase. NADPH oxidases function in ABA signal
transduction, also targeted by the SnRK2.6 kinase (Nakashima et al., 2010). Generally
speaking, regulating the response to ABA through SnRK2s pathways is to directly
phosphorylate various downstream targets such as ion channels (SLAC1, KAT1) and ABFs
and other specific TFs required for expression of stress-responsive genes (Anna Kulik et al.,
2011). By the way, the SnRK2 subfamily is conserved in land plants. No wonder their role in
ABA signaling and osmotic stress responses have also been found in pea, barley, rice and zea
mays (Shen, Q. et al., 2001; Kobayashi et al., 2004; Huai, ]. et al., 2008). As for SnRK3 (CIPK),
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we compact it here that CIPK1/3/8/14/15/20/23/24 take part in ABA signaling. CIPKs play a
main role in plant ion homeostasis and abiotic stress tolerance by regulating H*, Na*, Ca?*
and NOs transporters and K* channels and interacting with TFs (Kudla, J. et al., 2010).
Moreover, the CDPKs that are involved in ABA signaling are CPK3/4/6/11/32. CPK4 and
CPK11 are closely related genes and both phosphorylate the transcription factors ABF1 and
ABF4. Based on a majority of evidence, it can be concluded that CDPKs target core ABA
signaling components (Geiger, et al.,, 2010). A role for MAPKs in ABA signaling has been
shown above, but posted here again (MPK1/2/3/6/9/12). Taken together, none of these
protein kinase families function specifically in ABA signaling, which still need us to stress
on functional redundancy and complicated cross-talk network in the future research.

As follows, we take a brief look at other kinases. CDKs (Cyclin dependent protein kinases)
are a large family of serine/threonine protein kinases and mainly function in ensuring that
cells progress in order over the different cell division stages. But their roles in abiotic stress
responses turn out to be more eye-catching, which can be reflected in heat, cold, drought
and salt stimuli researches (reviewed by Georgios Kitsios, 2011). Other findings like Somatic
Embryogenesis Receptor Kinase (SERK) relating to somatic embryogenesis and apomixis
(Marcelo O. Santos et al., 2009), AtNEK6, a member of the NIMA (never in mitosis A)-
related kinases (NEKSs) (Lee SJ et al., 2010), bring us a large amount of information to explore
the functional importance of various kinases in abiotic stress.

2.4.3. Protein phosphatases

During phosphorylation process, the job for protein phosphatases is to remove the
phosphate added by protein kinases. Based on their substrate specificity, protein
phosphatases can be classified, at least three families, as PPP family and PPM family
composed by serine/threonine phosphatases, PTP family comprising tyrosine phosphatases,
and dual specificity phosphatases (dsPTPs/dsPPase). As the largest group of phosphatases
in plants, serine/threonine phosphatases can be further divided into PP1, PP2A, PP2B, and
PP2C. For stress signal transduction, involvement of PP2C, PP2A, PTP, dsPPase have been
reported in ABA or stress signal transduction, but the best-known example is the PP2C. On
the other hand, many experiments have found that the relationship between MAPKs and
phosphatases both exists in animals and plants. It has been shown that tyrosine-specific
phosphorylation is associated with plant MAPKs, which again demonstrate the essential
position phosphatases take in signaling pathways.

For the biggest branch of protein phosphatases in plants, in Arabidopsis alone, 76 PP2C
genes have been identified early (Kerk et al. 2002). Further researches say ABA and other
abiotic stress stimuli can induce A-type PP2C expression. Furthermore the A-type PP2C
phosphatases, ABI1, ABI2, HAB1 (P2CHA) and PP2CA (AHG3) have been proved to
directly interact with PYR/RCAR ABA receptors, however they always act as negative
regulators at different layers of ABA signaling. (Merlot et al., 2001; Umezawa et al., 2009;
Nishimura et al., 2010).
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Working on other phosphatases like PP1, we find data in Vicia faba studies supporting its
involvement in stomatal opening during the response to blue light (Takemiya et al. 2006). As
to PP2A, five genes encoding its catalytic subunit has been identified in rice, and three of
them show expression alteration under abiotic stress (Yu et al. 2003, 2005). And the activity
of PP2B needs the help from calcium (Luan 2003). Some others like DSP4, a dual-specificity
phosphatase, has been demonstrated to bind starch and interact with AKIN11, a SNF 1-
related kinase in Arabidopsis (Fordham-Skelton et al. 2002; Kerk et al. 2006). Anyway we do
need more facts to clarify the function network between phosphatases and other signals like
hormone, ion channels, kinases actions.

Finally, we can see that the biggest challenge for abiotic stress signal research is to elaborate
the network of kinases and phosphatases, and their relationship with a wide range of
substrates, as well as understand the phosphorylation states and how phosphorylation-
dependent activity culminates in the process of coping with a particular environmental
stress.

2.5. The role of TFs and genes in certain abiotic stress situations

By the end of signaling, the biggest assignment is to temporally and spatially regulate stress-
induced genes expression, and it is almost done at transcriptional level(Rushton and
Somssich 1998). Obviously the most contributing workers are transcription factors (TFs)
who modulate genes expression by binding to specific DNA sequences in the promoters of
target genes (Chaves and Oliveira 2004). Thanks to coordination between TFs and genes,
new transcripts are synthesized and stress adaptations have been realized within just a few
hours. Consequently, that is why TFs are such a group of powerful targets being so popular
in genetic engineering field aiming at improving stress resistance in crop plants. But, who
are they? While, most of them belong to several big families, naming AP2/ERF (ethylene
responsive element binding factor), Zn finger, basic leucine zipper (bZIP), basic helix-loop-
helix (hHLH), WRKY, MYB, and NAC. Indeed we frequently mentioned them in formal
description. So let's start to wander in their complicated regulatory network designed for
the also complex stress situations.

2.5.1. Drought

Based on recent data, the rate of land area experiencing drought is uprising and probably
goes up to 30% by the end of this century (Yi et al. 2010). And that is a big threaten for plants
lives, for drought is very likely to give rise to arrest of photosynthesis, disturbance of
metabolism and finally plant death (Jaleel et al. 2008). But plants will react efficiently. With a
few second of water loss, phosphorylation status of a protein will be triggered and later
when the suffering time reached hours or days long, gene expression and plant morphology
occur (Verslues and Bray, 2006). By researching on Arabidopsis plants under water-deficit
stress, more than 800 induced genes have been identified (Bray, 2004), who play key roles in
signal transduction, transcriptional regulation, cellular metabolism and transport, as well as
cellular structures protection. Meanwhile, when water deficit comes two major
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transcriptional regulatory pathways of gene expression show up. One group is TFs called
dehydration response element binding protein (DREB) coming from AP2/ERF family and
another is NAC, AREB/ABF, WRKY and MYB group. The former work in the ABA-
independent pathway, latter known to be as the most responsive to ABA signaling under
drought.

The DREB proteins contain an ERF/AP2 DNA-binding domain that is quite conserved. The
TFs containing it are widely found in many plants, including Arabidopsis (Okamuro et al.
1997 ), tomato (Zhou et al. 1997 ), tobacco (Ohme-Takagi and Shinshi 1995 ), rice (Weigel
1995 ) and maize (Moose and Sisco 1996 ). And a conserved Ser/Thr-rich region next to
ERF/AP2 domain is considered to be responsible for DREB proteins phosphorylation (Liu et
al.,, 1998). Latter, Agarwal et al. found high sequence similarity exists in different DREB
proteins by amino acid alignment analysis (Agarwal et al. , 2006).

Generally, The DREB TFs could be divided into DREB1 and DREB2, and they participate in
signal transduction pathways under low temperature and dehydration respectively. They
belong to plants-distinctive ERF family. ERF proteins share a conserved domain binding to
the C-repeat CRT/dehydration responsive element (DRE) motif engaged in the expression of
cold and dehydration responsive genes (Agarwal et al., 2006). The expression of DREB2A
and its homolog DREB2B are induced by dehydration and high salt stress (Liu et al., 1998;
Nakashima et al., 2000 ). Furthermore, the expression of DREB genes is induced by abiotic
stresses at different time periods (Liu et al. 1998; Dubouzet et al. 2003). But for the character
of tissue-specific expression, the data is still in short.

For the ABA-dependent gene induction under water-deficit condition, we want to stress on
another group of TFs. Firsly, MYB, MYC, homeodomain TFs and a family of transcriptional
repressors (Cys2/His2-type zinc-finger proteins) are involved in the ABA response to water
deficit. The promoter region of Responsive to Dehydration 22 (RD22), who is induced by
ABA, contains MYC and MYB cis-element recognition sites. And MYC and MYB TFs only
accumulate after an increase of ABA concentration, and Over-expressing these TFs lead to
promoted ABA sensitivity and drought tolerance (Abe et al. 2003). Also other data indicate
that two R2R3-MYB TFs (AtMYB60 and AtMYB61) are directly involved in stomatal
dynamics in Arabidopsis regulated by light conditions, ABA and water stress (Liang et al.
2005). Very recently, in Arabidopsis, it has been strongly suggested that WRKY TFs possibly
act downstream of at least two ABA receptors, the cytoplasmic PYRPYL/RCAR protein
phosphatase 2C-ABA complex and the chloroplast envelope-located ABAR-ABA complex.
And the promoter-binding experiments show that the target genes for WRKY TFs involved
in ABA signalling include ABF2/4, ABI4/5, MYB2, DREB1a/2a, RAB18, RD29A and COR47.
Other findings in a large sense prove us ome WRKY TFs are positive regulators of ABA-
mediated stomatal closure being relevant with drought responses (reviewed by Deena L.
Rushton et al., 2011). On the other hand, it has been realized earlier that the ABA response
element (ABRE) is bound by basic Leucine Zipper Domain (bZIP-type) TFs, and three
Arabidopsis bZIP TFs (AREB1/ABF2, AREB2/ABF4, and ABF3) are activated through
phosphorylation reacting to water deficit and ABA treatment. Other NAC domain proteins
ANACO019, ANACO055, and ANACO072 are also induced by the same treatment. And in guard
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cells, it has been shown that the strong induction of Stress Responsive-NAC1 (SNAC1) gene
expression by drought also affect stomatal closure (Hu et al. 2006).

2.5.2. Flooding stress

Flooding and submergence are two stresses lead to anoxic conditions in the root system.
Under this stress condition, both anoxia and hypoxia are defined by Oz shortage. But diverse
plants have their own way to adjust to it. Some lowland rice cultivars, such as FR13A, can
survive submergence by suppressing shoot elongation. At the molecular level,
Submergence-1 (Subl), which is derived from FR13A, is a major quantitative trait locus
contributing to great submergence tolerance (Xu et al. 2006). And three sequentially arrayed
genes (designated SublA, SublB, and Sub1C) has been identified. Sub1A has been proved to
encode an ERF domain-containing TF associated with the induction of low oxygen escape
syndrome (LOES) (Bailey-Serres and Voesenek, 2008 ).

In plants, different cell types exhibit a conserved response to low oxygen levels at the
molecular level (Mustroph et al. 2010). This response includes the induction of genes after 30
min under hypoxia, whose expression is maintained for several hours (Klok et al. 2002; van
Dongen et al. 2009). The increased transcript levels of these genes are further accompanied
by active combination between mRNAs and polysomes reflecting promoted translation
process (Branco-Price et al. 2008). Unfortunately, in plants the mechanism by which oxygen
is perceived has not been clarified. But researches on hypoxia-responsive TFs can help us a
lot to investigate the regulation of the hypoxic response. Usually these TFs are detected in
families like MYB, NACs [Arabidopsis Transcription Activation Factor (ATAF) and Cup-
shaped Cotyledons (CUC)], Plant Homeodomain (PHD) and ERF families (Hoeren et al.
1998; Christianson et al. 2009; Licausi et al. 2010b). And on the other hand, Microarray data
in Arabidopsis and rice research find us several transcription factors whose expression
increases induced by oxygen deprivation, such as heat shock factors, MADS-box proteins,
and WRKY factors (Lasanthi-Kudahettige et al., 2007). Recently Licausi et al. (2010a) have
identified TFs that are differentially expressed under hypoxic conditions. The results
indicate members of the AP2 / ERF-type family are the most common upregulated TFs,
followed by Zinc-finger and basic helix-loop-helix ((HLH-type) TFs. TFs belonging to the
bHLH family also appear in the downregulated part, together with members from the bZIP
and MYB families.

On the other hand, by silico experiments and trans-activation assays it has been confirmed
that five hypoxia-induced TFs (At4g29190; LBD41, At3g02550; HRE1, Atlg72360; Atl1g69570;
At5g66980) from different TF families [Zinc Finger, Ligand Binding Domain (LBD)/Lateral
Organ Boundary Domain, ERF, DNA binding with one finger (DOF), ARF] respectively
showed the ability to regulate the expression of hypoxia responsive genes (Licausi et al.
2010b). Other evidence relating to TFs and adaptive response to low oxygen will refer to
redox-sensitive TFs. ZAT12, a putative zinc finger-containing TF, is identified as an
important link in the oxidative stress response signalling network in Arabidopsis (Rizhsky
et al. 2004), for its transcript levels were remarkably mounted up in response to hypoxia and
anoxia in several independent analyses (Branco-Price et al. 2005).
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2.5.3. Salinity

Plants growing in high salt concentrations, as we know, will suffer from osmotic stress and
take actions like closing stomata and reducing cell expansion in young leaves and root tips.
Subsequently, accumulation of ions, especially sodium (Na*), in the photosynthetic tissues,
will hit photosynthetic components such as enzymes, chlorophylls, and carotenoids
(Davenport et al. 2005), followed by secondary stresses (oxidative stress and nutritional
disorders) (Hasegawa et al. 2000; Chinnusamy et al. 2006).

One of the main strategies taken to improve plant salt tolerance is to re-establish ion
homeostasis by counteracting the osmotic component of the stress to avoid toxic
concentrations within the cytoplasm (Munns and Tester 2008). Recently, in Arabidopsis it
has been confirmed that the effective establishing and maintaining ion homeostasis is
mediated mainly by a Salt Overly Sensitive (SOS) signal pathway, which we refer to in Ca?
part. Recently, SOS4 and SOS5 have also been characterized (Mahajan et al. 2008). Similar to
SOS1, Arginine Vasopressinl (AVP1) and A. thaliana Na*/H* exchangerl (AtNHXI) genes
contribute to ion homeostasis also (Gaxiola et al. 2001; Zhang et al. 2001). Besides these
genes, overexpression of genes encoding LEA proteins, such as the barley HVA1 (Xu et al.
1996) and wheat dehydrin-5 (DHN-5) (Brini et al. 2007), is confirmed to be able to enhance
plant salt tolerance. And regulating Lea gene expression is mediated by both ABA
dependent and independent signalling pathways, both of which use Ca? signaling to induce
Lea gene expression during salinity.

Meanwhile, what do TFs do in salt stress signaling? Based on researches on Cor/Lea salinity
stress responsive genes, whose expression is mediated Ca?>’and ABA in salt stress signaling,
it has been indicated that various upstream TFs will activate DRE/CRT, ABREs, MYC
recognition sequence (MYCRS) and MYB recognition sequence (MYBRS) cis-elements. Also,
with or without the involvement of ABA makes them differs from each other. On one hand,
ABRE and MYB/MYC element-controlled gene expression is ABA-dependent, which
activates bZIP TFs called AREB binding to ABRE element to induce the stress responsive
gene (RD29A). However, even if ABA makes these TFs function in their own regulating
ways, it has been shown that ABA-dependent and -independent TFs may also cross talk to
each other in a synergistic way to amplify the response and improve stress tolerance
(reviewed by Dortje Golldack et al., 2011).

2.5.4. Extremes of temperature

Signals of extreme temperature, from freezing to scorching, is perceived by membrane and
transduced by different transduction components results in transcription of several genes.
Cold stress directly inhibit metabolic reactions and indirectly produce harm through cold-
induced osmotic prevents the expression of full genetic potential of plants owing to its direct
inhibition of metabolic reactions and, indirectly, through cold-induced osmotic, oxidative
and other stresses such as water uptake barriers caused by chilling and cellular dehydration
induced by freeze. Cold stress, based on temperature range, are defined as chilling (<20°C)
and/or freezing (<0°C) temperatures, both of which hurt plants in different ways. The
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former leads to slow biochemical reactions related to enzymes and membrane transport
activities, while the latter forming ice crystal can cause membrane system disruption
(Chinnusamy et al. 2007).

Numerous TFs in cold stress circumstances have been identified in Arabidopsis, homologs
of which have been reported in other plants also. Significant progress has been made in the
past decade in elucidating the transcriptional networks regulating cold acclimation. Firstly,
AP2/ERF family TFs, CBFs play essential role in controlling genes in phosphoinositide
metabolism, osmolyte biosynthesis, ROS detoxification, hormone metabolism and signalling
(Lee et al. 2005). They can bind to cis-elements in the promoters of COR genes to activate
gene expression. Earlier it was proved that DREBIA/CBF3, DREBI1B/CBF1 and
DREB1C/CBF2 genes, lying tandemly in the Arabidopsis genome, are induced by cold but
not by dehydration or high salinity (Shinwari et al. 1998). CBF genes showed high
expression under low temperature treatment and the transcript was detectable after 30 min
exposed to 4 °C and reached maximum expression at 1 h (Medina et al. 1999). However this
time-linking phenomenon differs from various plants. In rice, detecting OsDREB1A and
OsDREBIB transcript might need to wait 40 min after cold exposure. By the way, CBF
pathway might also have a crucial role in constitutive freezing tolerance (Hannah et al.
2006).

Moreover for many studies, emphasize has been laid on the ICE-CBF-COR transcriptional
cascade. In Arabidopsis, ICE1 (Inducer of CBF Expressionl), a MYC-type bHLH TF, can
bind to MYC recognition elements in the CBF3 promoter affecting its expression during cold
acclimation (Chinnusamy et al. 2003). Besides being the inducer of CBFs transcription, ICE1
is also a transcriptional inducer of ZAT12, NAC072 and HOS9 in Arabidopsis (Benedict et
al. 2006). Furthermore, by studying on icel mutation under cold stress, the genes in calcium
signaling, lipid signaling or encoding receptor-like protein kinases are found to be affected
(Lee et al., 2005). In conclusion, there do exists network between these components in cold
signaling. Constitutive expressed ICE1 is actived through sumoylation and phosphorylation
induced by cold stress, which then induce the transcription of CBFs and reprime MYB15. For
CBFs expression, CBF2 acts as a negative regulator of CBF1 and CBF3 expression.
Meanwhile, the expression of CBFs is negatively regulated by upstream TF MYB15 and
ZAT12(Chinnusamy et al. 2007).

3. Conclusion

Thanks to so much efforts made by researchers in various fields, we have a pretty clear idea
about how to develop our researching methods in abiotic stress field. That is exactly what
we should concentrate on in the future. For plants’ reactions to different kinds of stress, we
must make more efforts in taking measures in focusing on systematic studies which so far
can be taken as the best way to figure out what plants will do under certain circumstances.

As we all know, it is of incredibly great importance to understand more about abiotic stress
which impacts a lot on plants, which will not only change our understanding of current
environment we live, but also bring a plenty of benefits for improving human beings living
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standards. That is why at this part we hope we can get everyone’s attention to how to
explore plants kingdom and develop researches in a systematic way.
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1. Introduction

Reactive oxygen species (ROS) are various forms of activated oxygen, which include free-
radicals, e.g., superoxide anions (Oz), hydroxyl radicals (OH), non-free-radical compounds
(H202) and singlet oxygen ('Oz), which can be formed by different mechanisms in living
organisms. Oxidative damage of DNA molecules associated with electron-transfer reactions
is an important phenomenon in living cells, which can lead to mutations and contribute to
carcinogenesis and the aging processes. ROS species are considered as important causative
factors in the development of certain diseases such as diabetes, stroke, arteriosclerosis, cancer
and cardiovascular diseases, in addition to the aging process. Prior administration of
antioxidant provides a close relationship between FRSA and the involvement of
endocrinological responses, which help to reverse the effect [1, 2]. Plants are rich sources of
phytochemicals such as saponin, tannin, flavanoids, phenolic and alkaloids, which possess a
variety of biological activities including antioxidant potential. Antioxidants provide protection
to living organisms from damage caused by uncontrolled production of ROS and concomitant
lipid peroxidation, protein damage and DNA stand breaking. Natural antioxidants are in high
demand for application as bio-pharmaceuticals, nutraceuticals and food additives.

Terrestrial plants are considered potent sources of bioactive compounds and
pharmacologically active compounds, however, little is known about the therapeutical
potential of mangrove plants. Exploration of the chemical constituents of mangrove plants is
necessary to find new therapeutic agents and this information is very important to the local
community. Important reasons for studying the chemical constituents of mangrove plants
are first, mangroves are a type of tropical forest that grows easily and has not as yet been
widely utilized. Secondly, the chemical aspects of mangrove plants are very important
because of the potential to develop compounds of agrochemical and medical value.

I NT EC H © 2013 Soniya 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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The plants of the genus Excoecaria (family: Euphorbiaceae) comprise nearly 40 species which
are distributed throughout the mangrove regions of tropical Africa, Asia and northwest
Australia. The most widely reported mangrove species is Excoecaria agallocha Linn. The latex
of this plant has been used as a purgative and abortifacient, as well as in the treatment of
ulcers, theumatism, leprosy and paralysis. The leaves and latex of this tree have been used
as fish poison in India, New Caledonia and Malaysia. The bark and wood is used in
Thailand as a remedy for flatulence. Recently, much attention has been paid to Excoecaria
species due to their cytotoxic and anti-HIV activities [3].

In this study we investigated the antimicrobial and antioxidant potential of methanol extract
of Excoecaria agallocha Linn leaf. The DPPH and the oxidative DNA damage preventive
activity and antioxidant potential of the crude methanol extract and sequential hexane,
water and methanol extract of E. agallocha Linn leaf were also investigated. We found that
water extract of E. agallocha Linn was more effective and could scavenge reactive oxygen
species (ROS) thus preventing DNA strand scission by ¢OH generated in the Fenton
reaction on pPCAMBIA1301 DNA.

2. Material and methods

2.1. Plant materials and extraction procedure

The plants of E. agallocha were collected during the month of November 2009 from
Ayiramthengu located near Alleppy in Kerala, India, at an average temperature of 28 - 34
°C. Collected plant material was dried in the shade and the leaves were then separated from
the stem and pulverized to a fine powder in a grinder. The powdered leaf (10 g) was
extracted sequentially with 100 ml of hexane and methanol by Soxhlet at a temperature not
exceeding the boiling point of the solvent. To hexane extract water was added and separated
in a separating funnel. The extracts were filtered using Whatman No. 1 filter paper and then
concentrated in a vacuum at 40 °C using a rotary evaporator. The residues obtained were
stored in a deep freezer at -80 °C until use.

3. Determination of antimicrobial activities

3.1. Microorganisms

Microbial cultures Bacillus subtilis (MTCC- 441), S. pyogenes (MTCC- 442), E. coli (MTCC -
443), Salmonella typhi (MTCC - 733), K. pneumoniae (MTCC - 109), S. marcescens (MTCC -*97),
Vibrio cholerae (01) and Vibrio cholerae (08) belonging to bacterial species and Candida albicans
(MTCC - 3017) yeast were used in this study. Microorganisms were provided by IMTech,
Chandigarh, India.

3.2. Antimicrobial activity by Disc-diffusion assay

The dried plant extracts were dissolved in the same solvent (methanol and distilled water)
to a final concentration of 100 mg/ml and sterilized by filtration by 0.45 pm Millipore filters.
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Antimicrobial tests were then carried out by disc-diffusion method [4] using 100 pl of
suspension containing 108 CFU/ml of bacteria spread on nutrient agar (NA). The discs (6
mm in diameter) were impregnated with 5 ul of the extracts (500 ng/disc) at the
concentration of 100 mg/ml and placed on the inoculated agar. Negative controls were
prepared using the same solvents employed to dissolve the plant extracts. Ampicillin (10
pg/disc) was used as a positive reference standard to determine the sensitivity of one
strain/isolate in each microbial species tested. The inoculated plates were incubated at 37 °C
for 24 h for clinical bacterial strains. Antimicrobial activity was evaluated by measuring the
zone of inhibition against the test organisms. Each assay in this experiment was repeated
twice.

4. Evaluation of antioxidant activity

4.1. Reducing power assay

The reducing power of E. agallocha was determined as per the reported method [5]. Different
concentrations of plant extract (100 -2000 pg/pl) in 1 ml of methanol were mixed with a
phosphate buffer (2.5 ml, 0.2 M, pH 6.6) and potassium ferrocyanide (2.5 ml, 1 %). The
mixture was incubated at 50 °C for 20 min. A portion (2.5 ml) of trichloroacetic acid (10 %)
was added to the mixture, which was then centrifuged at 3000 rpm for 10 min. The upper
layer of the solution (2.5 ml) was mixed with distilled water (2.5 ml) and FeCls (0.5 ml, 0.1
%), and the absorbance was measured at 700 nm and compared with standards. Increased
absorbance of the reaction mixture indicated increased reducing power.

4.2. Metal chelating effect

The chelation of ferrous ions by the extract was estimated as per the method of Dinis [6].
Different concentrations of the extract (100-2000 pg/pl) were added to a solution of 1 mM
FeClz (50 pl). The reaction was initiated by the addition of 1 mM ferrozine (0.1 ml) and the
mixture was finally quantified to 1 ml with methanol, shaken vigorously and left standing at
room temperature for 10 min. After the mixture had reached equilibrium, the absorbance of
the solution was measured spectrophotometrically at 562 nm. All analyses were done in
triplicate and average values were taken. The percentage of inhibition of ferrozine-Fe?"
complex formation was calculated using the formula given below: % Inhibition [(Ao- A1)/Ao x
100], where Ao is the absorbance of the control and A: is the absorbance in the presence of
the sample of Excocaria extract. FeCl2 and ferrozine complex formation molecules are present
in the control.

4.3. Nitric oxide radical inhibition activity

Nitric oxide, generated from sodium nitroprusside in an aqueous solution at physiological pH,
interacts with oxygen to produce nitrite ions which were measured by Griess reaction [7]. The
reaction mixture (3 ml) containing sodium nitroprusside (10 mM) in a phosphate buffer saline
and the extract (100 — 2000 ng/ul) were incubated at 25°C for 150 min. After incubation, 0.5 ml
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of the reaction mixture was removed and 0.5 ml of Griess reagent (1 % (w/v) sulfanilamide, 2
% (v/v) HsPOs and 0.1 % (w/v) naphthylethylene diamine hydrochloride were added. The
absorbance of the chromophore formed was measured at 546 nm.

4.4. Lipid peroxidation and thiobarbituric acid reaction

A modified TBARS assay [8] was used to measure the lipid peroxide formed using egg yolk
homogenate as lipid rich media [9]. Egg homogenate (0.5 ml of 10 %, v/v) and 0.1 ml of
extract were added to a test tube and made up to 1 ml with distilled water, 0.05 ml of FeSOx4
(0.07 M) was added to induce lipid peroxidation and the mixture was incubated for 30 min.
Then, 1.5 ml of 20 % acetic acid (pH 3.5) and 1.5 ml of 0.8 % (w/v) thiobarbituric acid in 1.1
% sodium dodecyl sulphate were added, the resulting mixture was vortexed and then
heated at 95 °C for 1 h. After cooling, 5.0 ml of butanol was added to each tube and
centrifuged at 3000 rpm for 10 min. The absorbance of the organic upper layer was
measured at 532 nm. Inhibition of lipid peroxidation percent by the extract was calculated as
100- [(A1/A2) x 100]; where A: is the absorbance value in the presence of extract and A: of the
fully oxidized control.

4.5. Determination of DPPH radical scavenging capacity

Quantitative estimation of the free-radical scavenging activity was measured by DPPH
assay [10]. The reaction mixture contained a different concentration (100-2000pg/ul) of test
extract and 2.9 ml of DPPH (60 uM) in methanol. These reaction mixtures were taken in test
tubes and incubated at 37 °C for 30 min, the absorbance was measured at 517 nm. The
percentage of radical scavenging activity by the sample treatment was determined by
comparison with the methanol treated control group. BHT and ascorbic acid was used as a
positive control. The DPPH radical concentration was calculated using the following
equation: scavenging effect (%) = (DPPH)r / (DPPH)r-0 x 100, where (DPPH)r is the
concentration of DPPH' at 30 min time and (DPPH)1, the concentration at zero time (initial
concentration).

4.6. Total antioxidant activity

The assay is based on the reduction of Mo (VI) to Mo (V) by the extract and subsequent
formation of a green phosphate / Mo (V) complex at the acid pH [11]. The tubes containing
0.1 ml of the extract and the 1 ml of reagent solution (0.6 M sulphuric acid, 28 mM sodium
phosphate and 4 mM Ammonium molybedate) were incubated at 95 °C for 90 min. After the
mixture was cooled to room temperature, absorbances were taken at 695 nm against the
blank. The antioxidant capacity was expressed as AAE.

4.7. DNA nicking induced by hydroxyl radical

The DNA damage protective activity of E. agallocha L. extract was performed using super
coiled pCAMBIA1301 DNA. Plasmid DNA isolation was done using GenElute™ Plasmid
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Miniprep Kit (Sigma - Aldrich USA). A mixture of 10 pl of hexane, water and methanol
extract (100 pg/pl), and plasmid DNA (0.5pg) was incubated for 10 min at room temperature
followed by the addition of 10 pl of Fenton’s reagent (30 mM H20, 50 uM ascorbic acid and
80 uM of FeCls). The final volume of the mixture was made up to 20 ul with double distilled
water and incubated for 30 min at 37 °C. The DNA was analysed on 1 % agarose gel using
ethidium bromide staining and photographed in Gel Doc. Quercetin (50 uM) was used as a
positive control [12].

4.8. Phytochemical analysis

Chemical tests were carried out on the aqueous extract of the powdered specimens using
standard procedures to identify the constituents as described by Harborne [13].

5. Results and discussion

5.1. Antimicrobial activity

This paper illustrates the antimicrobial, antioxidant and DNA protective effect of Excoecaria
agallocha Linn leaf extract. The phytochemical constituent of E. agallocha Linn can be
summarized as follows: methanolic leaf extract shows the presence of saponin, tannin and
a high content of terpinoids, whereas cardiac glycosides are absent. The antimicrobial
activities of methanol extract of Excoecaria agallocha Linn leaf is summarized in Table 1.
The extract of E. agallocha reported to have significant in vitro antibacterial activity
against Staphylococcus aureus, Shigella dysenteriae, Shigella sonnei and Enterococci with the
zones of inhibition ranging from 11 to 15 mm, and no significant activity was reported
against Shigella flexneri and Staphylococcus epidermis at test concentrations [14].

Microbes +ve 1 2 3 4
ample

B.subtilis 17 NI NI NI NI
S.pyogenes NI NI NI NI NI
E.coli 13 12 NI NI |10
S.typhi 15 12 NI NI |11
K.pneumoniae >10 12 NI NI |10
S.marcescens 36 11 10 NI |10
V. Cholerae (01) 10 11 |10 NI |10
V. Cholerae (08) 15 10 NI NI |10

Ampicillin used as positive control and the solvent used as negative control, activity expressed in millimole - mm
concentration. (NI- no inhibition).

Table 1. Antimicrobial activity of different fractions (500mg/6mm disc) of Excoecaria agallocha Linn.
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5.2. Reducing power assay

The reducing power of E. agallocha and reference compound ascorbic acid increases steadily
with the increase in concentration. The absorbances at 700 nm of E. agallocha 4.00 (2000pg/ul)
and ascorbic acid 4.5 (1000 pg/pl) shows that E. agallocha can act as electron donor and can
react with free-radicals to convert them to more stable products and thereby terminate
radical chain reactions (Figure 1A). The ICso value of E. agallocha is observed to be at 62.96
ug. The reducing power of plant compounds might be due to the di- and mono-hydroxyl
substitution in the aromatic ring which possesses potential hydrogen donating abilities [15].
The reducing properties are generally associated with the presence of reductones [16], which
have been shown to exert antioxidant activity by breaking the free-radical chain by donating
a hydrogen atom.
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Figure 1. The concentration dependent (100 -2000 pg/ul) antioxidant activity: A) Reducing power, B)
Metal chelating, C) Nitric oxide and D) Lipid peroxidation of methanol extract of leaf E. agallocha Linn
(mean £ SD, n = 3).
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5.3. Metal chelating effect

It has been proposed that transition metals catalyse the formation of the first few radicals to
start the propagation of radical chain reaction in lipid peroxidation. Chelating agents may
inhibit lipid oxidation by stabilizing transition metals. Ferrozine can quantitatively form
complexes with Fe?. In the presence of other chelating agents, the complex formation is
disrupted with the result that the red colour of the complex is decreased. As shown in
Figure 1B, the ferrozine - Fe?* complex is not complete in presence of the plant extract,
indicating its ability to chelate the iron. The absorbance of ferrozine-Fe?* complex decreased
linearly in a dose dependent manner (100- 2000pg/ul) and the ICso value is estimated as 2.47
ug. The metal chelating activity of E. agallocha was evaluated against Fe?*. The standard
compounds ascorbic acid and BHT did not exhibit any metal chelating activity at the tested
concentrations (100-2000 pg/ul). Reaction of ascorbic acid and gallic acid with FeCl> might
enhance the degradation of ascorbic acid and gallic acid, and increase the ascorbyl and gallic
acid radical concentrations [17].

5.4. Nitric oxide radical inhibition activity

The antioxidant system protects the pathogens against the ROS-induced oxidative damage.
Nitric oxide radical generated from the sodium nitropruside is measured by the Greiss
reduction. Sodium nitropruside at physiological pH spontaneously generates nitric oxide,
which thereby interacts with oxygen to produce nitrate ions that can be estimated using
Greiss reagents. Thus, the scavengers of nitric oxide compete with the oxygen, leading to
reduced production of nitric oxide. The chromophore formed during diazotization of nitrite
with sulphanilamide and its subsequent coupling with naphthyl ethylene diamine was read
at 546 nm. The methanolic leaf extract of E. agallocha has shown a more significant effect
than that of ascorbic acid and the results are explained in Figure 1C. The ICso of E. agallocha
is estimated as 4.8 pg/ul.

5.5. Lipid peroxidation and thiobarbituric acid reaction

Egg yolk lipids undergo rapid non-enzymatic peroxidation when incubated in the presence
of ferrous sulphate with subsequent formation of malonodialdehyde (MDA) and other
aldehydes that form pink chromogen with TBA absorbing at 532 nm [18]. Peroxidation of
lipids has been shown to be the cumulative effect of reactive oxygen species, which disturb
the assembly of the membrane causing changes in fluidity and permeability, alterations of
ion transport and inhibition of metabolic processes [19]. The extract of E. agallocha exhibited
strong lipid peroxidation inhibition in a concentration dependent manner (Figure 1D). The
ICso value for the inhibition of lipid peroxidation is observed to be 100 pg/ul. This activity
was higher than that of ethanolic and hexane extract of Ziziphus mauratiana and Z. spina-
christi reported using egg yolk as media of peroxidation [20]. The studies made on E.
agallocha leaf extract suggest that it could play a role in protecting the physicochemical
properties of membrane bilayers from free-radical induced severe cellular dysfunction.
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5.6. Determination of DPPH radical scavenging capacity

Methanolic leaf extract of E. agallocha has shown good free-radical scavenging activity at all
tested concentrations. DPPH: is a stable free-radical and can accept an electron or hydrogen
radical becoming a stable diamagnetic molecule [21]. DPPH is purple in colour which turns
yellow; the intensity of the yellow colour depends upon the amount and nature of radical
scavenger present in the sample and standard compounds. The scavenging activity increases
with an increase in concentration of the extract, as well as ascorbic acid, and levels off with
further increases in concentration - ICso value is at 67.50 pg/ul (Figure 2A). The residual
concentration of DPPH depends exclusively on the structure of the phenolic compound, since
there are two theoretical termination reactions: one between DPPH radicals and the other
between DPPH' and phenol radical (Phe O'). However, the former reaction cannot occur due
to steric hindrance and the latter reaction competes with the Phe O- coupling termination
reaction [22, 23]. The accessibility of the radical centre of DPPH: to each polyphenol could also
influence the order of the antioxidant power. Recently, the free-radical scavenging potential
possessed by Desmodium gangeticum chloroform root extract was reported [24].
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Figure 2. A) DPPH scavenging activity in concentration dependent (100 -2000 ug/ul) manner of
methanol extract of leaf of E. agallocha Linn and B) Total antioxidant activity checked by
phosphomolybdenum assay (mean + SD, n=3).
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5.7. Total antioxidant activity

The total antioxidant potential of E. agallocha was investigated and compared against
ascorbic acid, the results are explained in Figure 2B. The methanolic extract of E. agallocha is
observed to be more effective - the ICso value is calculated as 3.36 pg. The
phosphomolybdenum method usually detects antioxidants such as ascorbic acid, some
phenolics, a-tocopherol and carotenoids [25]. Ascorbic acid, glutathione, cysteine, tocopherols,
polyphenols and aromatic amines have the ability to donate hydrogen and electrons, and can
thus be detected by this assay. Oxidative stress is the condition in which an imbalance between
oxidant stimuli and physiological antioxidants exist leading to the damage of a cell. The body’s
physiological response to oxidative stress is through several antioxidant systems which
include enzymes like superoxide dismutase, catalase, glutathione peroxidase and a variety of
large molecules such as albumin and ferrtin, and small molecules such as ascorbic acid,
tocopherol, etc. These antioxidants can be found as water-soluble or lipid-soluble molecules
and localized transiently throughout tissues, cells and cell types.

5.8. DNA nicking induced by hydroxyl radical

Hydroxyl radical is the most reactive among reactive oxygen species, it has the shortest half
life compared with others and is considered to be responsible for much of the biological
damage in free-radical pathology. The radical has the capacity to cause strand breakage in
DNA, which contributes to carcinogenesis, mutagenesis and cytotoxicity [11]. The DNA
protective effect of hexane water and methanol extract of E. agallocha Linn leaf was checked
against Fenton’s induced DNA damage of pCAMBIA 1301 DNA. The protection offered
against DNA damage by E. agallocha (10- 200 pg/ul) (results not shown) was concentration
dependent. At concentration 100 pg/pl protection was more effective and slightly close to
that of 5U of Catalase and 50 pM of quercetin tried (Figure 3). Native DNA has shown
three forms, form I open circular form, form II single supercoiled band and below it form
III, whereas DNA + Fenton’s reagent and hexane fraction has exhibited complete
degradation of DNA. Water fraction of E. agallocha Linn has shown very good protective
activity and has retained all three forms. These results indicate that the water extract of E.
agallocha Linn effectively mitigates the oxidative stresses on susceptible biomolecules,
such as DNA.

Figure 3. DNA protective effect of hexane, water and methanol extract of leaf of E. agallocha Linn, was
checked against Fenton’s induced DNA damage of pPCAMBIA 1301 DNA. Effect of fraction of E.
agallocha Linn. on oxidative DNA nicking caused by hydroxyl radicals. Lane A: native pPCAMBIA 1301
DNA; Lane B: DNA + Fenton’s reagent; Lane C: DNA + Fenton's reagent + E. agallocha. Linn water
extract (50 pg/ml), Lane D: DNA + Fenton’s reagent + E. agallocha. Linn methanol extract (100 ug/ml),
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Lane E: DNA + Fenton's reagent + E. agallocha. Linn hexane extract, Lane F: DNA + Fenton's reagent + E.
agallocha. Linn water extract (100pg/ml), Lane G: DNA + Fenton’s reagent + E. agallocha Linn. crude
methanol extract (100pg/ml) and Lane H: DNA + Fenton’s reagent + quercetin (50 uM), Lane I: DNA +
Fenton’s reagent + Catalase (5 units).

6. Conclusion

In conclusion, the result obtained in the present study shows that the methanolic extract of
E. agallocha contains a number of antioxidant compounds that can effectively scavenge ROS.
Antioxidant properties of botanical extracts should be assessed in an array of model systems
using several different indices because the effectiveness of such antioxidant material is
largely dependent upon the chemical and physical properties of the system to which they
are added and a single analytical protocol adopted to monitor lipid oxidation may not be
sufficient to make a valid judgement. Hence, it may be concluded that the strong radical
scavenging activity and oxidative DNA damage preventive activity of E. agallocha Linn may
be correlated with its rich content of flavonoids.
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Chapter 8

Determination of Triazole Fungicides in
Fruits and Vegetables by Liquid
Chromatography-Mass Spectrometry (LC/MS)
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1. Introduction

Triazole pesticides derivatives represent the most important category of fungicides that
have excellent protective, curative and eradicant power towards a wide spectrum of crop
diseases [1]. The fungicide group, demethylation inhibitors (DMI), which contain the
triazole fungicides, was introduced in the mid-1970s. These fungicides are highly effective
against many different fungal diseases, especially powdery mildews, rusts, and many leaf-
spotting fungi. [2].

The number of pesticides registered for use increases every year and many pesticides that
have been banned for health reasons are also still being used illegally. And introduction of
new pesticides in the field of residue analysis also cause the laboratories involved in the
analysis to face more challenging task. This leads to the development of many multi-residue
methods by various researchers [3-7].

In the past, pesticides and their degradation products, which are generally thermolabile,
non-volatile and exhibit medium to high polarity have been analysed using GC with specific
detectors such as ECD, NPD and FPD [8-12]. Due to the drawbacks of the separation
techniques such as sensitivity, insufficient number of analytes that can be analysed and the
need for confirmation either with different column polarity or detectors, GC/MS has become
the primary approach to analyse all classes of GC-amenable pesticides [3, 13-14]. Later,
HPLC combined with a diode array UV detector was established as a complementary
technique to GC to analyse pesticides and their degradation products [15]. However it is not
sufficient to use only the UV spectrum for identification of the analytes. Robust atmospheric
pressure ionization (API) ion source designs, which consist of electrospray ionization (ESI)
and atmospheric pressure chemical ionization (APCI) were developed and very powerful
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and reliable LC/MS instruments have been introduced commercially. The atmospheric
pressure interfaces has been used to broaden the range of analytes to be analysed by liquid
chromatography coupled with mass spectrometry [16-17].

Solvents such as acetone, ethyl acetate and acetonitrile may be used for extraction. However,
acetonitrile is the recommended solvent and is being used widely for QuUEChERS method
because when salts are added, it separates more easily from water than acetone. Ethyl
acetate has the advantage of partial miscibility with water but it co-extracts with lipids and
waxes giving lower recoveries for acid-base pesticides [6]. A study by Lehotay S.J et al in
2010 [18] showed that results using acetate-buffered MeCN gave more accurate (true and
precise) results for all analytes in LC-MS/MS than EtOAc. On the contrary EtOAc is a better
solvent for GC rather than MeCN as demonstrated by the slightly more consistent
recoveries and reproducibility overall in GC-MS using EtOAc.

2. Materials and methods
2.1. Equipment

i. LC/MS instrument

The chromatographic system used to analyse the extract is a Waters Alliance Separations
Module 2695 equipped with a quaternary solvent delivery system, autosampler and column
heater. A Waters ZQ 4000 single quadrupole Mass Spectrometer was used.

ii. Chopper and Vortex mixer

Robot Coupe R5 V.V (Jackson, MS) and OMNI mixer homogenizer (OMNI International,
USA) were used to cut the fruit and vegetable samples into smaller pieces. Genie II vortex
mixer was used to swirl the tubes.

iii. Centrifuge
Sorvall Legend RT Plus / Thermo Scientific were used for the centrifugation.
iv. Balance

A Shimadzu top-loading balance Libror AEG-220 was used to weigh the chopped samples
and solid reagents and a Shimadzu analytical balance Libror EB-3200 HU was used in the
preparation of stock standard solutions.

v. Vials and tubes

For the extraction step, 50mL centrifuge tubes were employed. 15mL graduated centrifuge
tubes were used for dispersive SPE in the method.

vi. Solvent Evaporator

Zymark nitrogen evaporator Turbovap LP was used to concentrate the extracts and to
facilitate solvent exchange when necessary.
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2.2. Chemicals and reagents

The fungicides: cyproconazole, difenoconazole, fenbuconazole, hexaconazole, myclobutanil,
propiconazole, tebuconazole, triadimefon and triadimenol were purchased from Pestanal,
Riedel-de Haen (Seelze, Germany) with purity ranging from 95-100%. Acetonitrile,
methanol, ethyl acetate of HPLC grade and residue analysis grade were obtained from
Labscan and Merck (Darmstadt, Germany). Formic acid which was added to the mobile-
phase acetonitrile was purchased from Fluka.

Salts used for the dispersive clean-up were anhydrous magnesium sulfate and sodium
acetate which were obtained from Merck and Mallinckrodt. The SPE sorbent used was
Bondesil PSA, 40pm from Varian. Deionized water (<8cm MQ) resistivity) was obtained
from the Milli-Q Advantage A10 Pure Water System (Millipore, Bedford, MA, USA). All
solvents were filtered using a 0.45um nylon membrane filter from Whatman (Maidstone,
England).

2.2.1. Stock and working solutions

Stock solutions of 1000 pg/ml were prepared in methanol by dissolving approximately
0.020g of the individual standards in 20mL of methanol and stored at 4°C in a reagent bottle.
Intermediate standard solution mixtures of 50 and 10 pug/ml were prepared in methanol and
standard working solutions at various concentrations were prepared daily by appropriate
dilution of the stock solution or the intermediate standard solution in methanol.

2.3. Methods
2.3.1. Extraction and clean-up

The extraction method used was based on QUEChERS method [6] and modified by Aysal et
al., 2007 [7]. The samples were chopped into smaller pieces and homogenised using a food
processor. 30g of the homogenised sample was placed in a 250ml borosilicate bottle and
extracted with 60ml of ethyl acetate, 30g of anhydrous sodium sulfate and 5g of sodium
hydrogen carbonate. 10 ml of the extract was centrifuged at 2500 rpm for 2 min followed by
clean-up with PSA sorbent and anhydrous magnesium sulfate. After clean-up, 5 mL of the
extract was reduced to almost dryness under a stream of nitrogen and was redissolved in
methanol.

2.3.2. Recovery studies

Four types of fruits and vegetables namely carrot, cabbage, tomato and orange were used
for the recovery studies which represent root and tuber vegetables, brassica leafy vegetables,
fruiting vegetables and citrus fruits according to the CODEX classification of commodities.

The samples for recovery determination were prepared by spiking with the standard
solution. Each sample was fortified with nine triazole standards at 0.05, 0.5 and 1.0 ug/ml
and five replicates at these fortification levels for each matrix. The fortified samples were
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allowed to stand for 30 min before extraction to allow the spiked solutions to penetrate the
samples and attain the fungicide distribution in the samples.

2.3.3. Calibration

Quantification of triazoles were performed and compared by using calibration standards
involving both matrix-matching by adding standards to blank extracts and non-matrix
matching (standards in solutions) based on a calibration curve. For matrix matching, blank
extracts were fortified with the pesticide working standard after dispersive clean-up. The
calibration solutions were prepared daily at 7 levels of concentrations ranging from 0.05 to
2.0 pg/ml. The LOD’s and LOQ’s were calculated by multiplying the standard deviation of
the calculated amount for each triazole by 3 and 10 respectively.

3. Results and discussion

3.1. High Performance liquid chromatography-mass spectrometry
3.1.1. HPLC

A C18 reversed phase column (4.6mm x 75mm, 3.5 um particle size) was used in this study
to generate less back pressure as it allows more flexibility to adjust the flow-rate. A short
column was also used to obtain shorter separation times that produce narrower peaks
because there is less time for diffusive broadening. The small particle size used helps to
generate more pressure and generally give higher separation efficiencies. Smaller particle
size column is necessary to maintain resolution in the short column used. The HPLC column
had been run at different flow rates; 0.8 mL/min, 1 mL/min, 1.2 mL/min and 1.4 mL/min
during optimization and it was found that it gives better resolution at a flow rate of 1.2
mL/min A common operating temperature is 40°C as higher temperature is better in
producing sharp peaks and earlier elution [19]. For this study, the effects of column
temperature were also evaluated at various temperatures; 20°C, 25°C, 30°C, 35°C and 40°C.
Figure 1 showed that 25°C column temperature found to give better separation after
running triazole standard mixture.
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Figure 1. Acetonitrile/ H20 mobile phase, column temperature 25°C
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Figure 2. Acetonitrile/ H20 mobile phase, column temperature 35°C

In this work, water and acetonitrile with 0.1% acetic acid were used for all liquid
chromatographic separations. No buffers were used. Two types of additives have been
added to the mobile phase that is acetic acid and formic acid during optimization and it was
found that by adding 0.1% of acetic acid gives better resolution than formic acid. The results
are also more stable. The additive was added to improve the chromatographic shape and to
provide a source of protons in the reversed phase and to enhance and control the formation
of ions. A study on water:methanol with both 0.1% acetic acid and formic acid was also
done but it did not give good resolution and the results are not reproducible.

The reversed phase solvents are installed on the channels A and C. Channel A is the
aqueous solvent (water) and channel C is the organic solvent (acetonitrile). Silica dissolves
at high pH, therefore it is not recommended to use solvents that exceed pH7. The pH for
acetonitrile was in the range of pH 2.5 - pH 3.5.
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Figure 3. Chromatogram of triazole standards mixture at 0.5 pug/mL

3.2. Mass spectrometry

Prior to triazole analysis, the chromatographic parameters including the heated nebuliser
parameters were optimized. LCMS infusion was carried out to examine the ionization and
fragmentation patterns of the analytes. The APCI source was used in the positive ion mode.
A full scan was used for the MS optimization and a selected ion monitoring (SIM) was used
for the monitoring of the selected ion. Table 1 showed the triazoles and quantitation ion.
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Analyte tr, min Quantitation ion, m/z
Triadimenol 7.66 296.1
Cyproconazole 8.55 292.1
Myclobutanil 10.08 289.1
Triadimefon 10.48 294.1
Tebuconazole 10.96 308.1
Hexaconazole 11.85 314.1
Fenbuconazole 12.25 337.1
Propiconazole 12.82 342.1
Difenoconazole 13.14 406.2

tr- Retention time

Table 1. List of Triazole, their retention time and Quantitation ions
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Figure 4. Mass spectra of triazoles; Fenbuconazole (337.1), Difenoconazole (406.1), Myclobutanil (289.1),
Tebuconazole (308.1), Propiconazole (342.1), Triadimefon (294.1), Triadimenol (296.1), Hexaconazole
(314.1) and Cyproconazole (292.1).

3.2.1. Mass spectrometer tuning

Before the chromatographic method was established, the mass spectrometer was tuned to
optimize the conditions of parameter for both the formation and detection of ions during an
analysis. It is also done to increase the sensitivity and to optimize the mass peak resolution
for the application. Optimization of both the ionization process and ion transportation in the
mass spectrometer is important to achieve high sensitivity and selectivity and low detection
limits in liquid chromatography / atmospheric pressure chemical ionization spectrometry
(LC/APCI-MS) analysis. The optimization was done by changing one-variable-at-a time
while the others are kept constant.

The mass spectrometer tuning was done using two methods; by infusing a sample with the
syringe pump and also from the syringe pump into the LC flow line. This is to see the effect
of mobile phase flow rate and composition on signal intensity and to allow optimization of
the source parameters without making numerous injections in order to achieve parameters
giving the highest sensitivity. Infusion experiments were carried out to examine the
ionization and fragmentation patterns of the analytes. The instrument parameter; corona
voltage, cone voltage, desolvation flow and temperature, cone flow and mass resolution
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were optimized to provide the best possible sensitivity by infusion. Corona voltage, was
studied in the range from 3.5 V to 5 V and cone voltage studied in the range from 25 V to 35
V.
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Figure 5. Mass of triazoles after tuning; (308.1), Fenbuconazole (337.1), Hexaconazole (314.1),
Propiconazole (342.1), Triadimenol (296.1), Cyproconazole (292.1), Myclobutanil (289.1), Triadimefon
(294.1) and Difenoconazole (406.2).

3.3. Sample preparation and extraction
3.3.1. Sample preparation

The analysis is performed on a subsample of the laboratory sample, after appropriate
comminution. This is to ensure the sub-sample is representative of the original laboratory
samples.

In this study, 1-2 kg laboratory samples; cabbage, carrot, tomato and orange were used as
representative samples. The laboratory samples were processed in a large chopper (Robot
Coupe R5 V.V) and were blended to a consistent texture. Then 200g of the comminuted
samples was transferred to another container and homogenized with the OMNI mixer
homogenizer until homogeneous. This step is taken so that the 30 g samples taken for
extraction are highly representative of the initial sample. Well comminuted samples can
improve the shaking based extraction and less time is spent on the overall homogenization
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of the large initial laboratory samples [20]. An extremely homogeneous sample also
maximizes surface area and ensures better extraction efficiencies.

30 g sub-sample was used by Aysal et al., 2007 [7] based on a study by Maestroni et al. 2000
[21-22] that showed results produced using the same chopper in the same laboratory gave
representative results within generally < 8% relative error of the mean concentration of the
original sample.

3.3.2. Sample extraction

In contrast with acetone and acetonitrile-based methods, in which SPE is commonly
employed, it has been reported only occasionally or no clean-up for ethyl acetate-based
methods; however in this study dispersive-SPE clean-up was performed. Mol, H.G.J et al,,
2007 [23] showed that laborious steps in multi residue analysis can be replaced by more
efficient alternatives including the clean-up process. Solid-phase extraction previously used
in the clean-up procedure which involves less dilution and is less laborious can be replaced
by dispersive SPE, as described by Anastassiades et al., 20 [6].

SPE clean up used plastic cartridges containing various amounts of sorbent material and the
procedures involve conditioning, sample transfer, elution, and evaporative re-concentration
[23]. For this study, in the dispersive-SPE clean-up, 0.25 g primary secondary amine (PSA)
and 1.5 g of anhydrous magnesium sulfate (MgSO4) were added to a 10 mL aliquot of the
sample extract and the mixture is mixed using a vortex mixer to evenly distribute the SPE
material and facilitate the clean up process. The sorbent is then separated by centrifugation
and the supernatant is ready for analysis. The function of the sorbent is to retain matrix
components and not the analytes of interest. In some instances, other sorbents or mixed
sorbents can be used depending on the samples and analytes.

A difficulty that was encountered by using ethyl acetate is that some of the most polar
pesticides do not readily partition into ethyl acetate. It co-extracts with lipids and waxes,
giving lower recoveries for the acid-base pesticides, it is sufficiently polar to penetrate into
the cells of the matrix and it dissolves a great number of polar pesticides and their
metabolites. On the other hand, ethyl acetate is partially miscible with water and the
advantage is that it makes the addition of other non-polar solvents to separate water from
the extract unnecessary. To increase the recoveries of polar compounds, large amounts of
sodium sulfate (Na250s) are usually added in the procedures using ethyl acetate to bind the
water. Polar co-solvents, such as methanol and ethanol, have been used to increase the
polarity of the organic phase [23-26].

Different types of samples have different pH values that can affect the recoveries of pH-
susceptible pesticides and their stability in the extracts. Therefore the pH of the extracts for
some samples must be controlled [6, 20, 27]. Most pesticides are more stable at lower pH.
Problematic pesticides that are strongly protonated at low pH the extracts must be buffered
in the range of pH 2-7 [28]. The pH at which the extraction is performed can also influence
the co-extraction of matrix compounds and pesticide stability. The pH of the samples
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extracted in this study was between pH 2.5 — pH 4.0. Sodium hydrogen carbonate (NaHCO:s)
was added in the method to give a consistent pH during extraction independent of the
initial sample pH.

Aysal P. et al., 2007 [7] mixed the sample 1:1 (w:w) with anhydrous sodium sulfate (Na250x)
and used a 2:1 (v:w) ethyl acetate : sample ratio because it had been evaluated previously to
achieve high recoveries. It resulted in good extraction efficiency and is practical with regard
to achieving phase separation and avoidance of emulsions. [23-25].

The two conditions most relevant to extraction efficiency are the sample-to-solvent ratio and
the addition of salt, which in ethyl acetate-based multi-residue methods has always been
sodium sulfate. A study done by Mol, H.G.J et al. in 2003 [23] showed that the addition of
salt improves the extraction efficiency for polar pesticides.

3.3.3. Dispersive-SPE clean-up

The purpose of salt addition is to induce phase separation. The salting-out effect also
influences analyte partition, which is dependent upon the solvent used for extraction. The
concentration of salt can influence the percentage of water in the organic phase and can
adjust its "polarity". In the QUEChERS method, acetonitrile alone is often sufficient to
perform excellent extraction efficiency without the need to add non-polar co-solvents that
dilute the extract and make the extracts too non-polar. By using deuterated solvents in the
nuclear magnetic resonance studies, Anastassiades and colleagues [6] investigated the
effect of various salt additions on the recovery and other extraction parameters. They
studied the effect of polarity differences between the two immiscible layers. The use of
magnesium sulfate as a drying salt to reduce the water phase helped to improve
recoveries by promoting partitioning of the pesticides into the organic layer. To bind a
significant fraction of water, the amount of magnesium sulfate exceeded the saturation
concentration. The supplemental use of sodium chloride helps to control the polarity of
the extraction solvents and thus influences the degree of matrix clean up of the
QuEChERS method but too much of this salt will reduce the organic layer's ability to
partition polar pesticides.

Dispersive solid-phase extraction is similar in some respects to matrix solid-phase
dispersion developed by Barker [28-29] but in this instance, the sorbent is added to an
aliquot of the extract rather than to the original solid sample as in matrix solid-phase
extraction. In dispersive solid-phase extraction, a smaller amount of sorbent is used only
because an aliquot of the sample is subjected to the clean up. Compared with SPE,
dispersive solid-phase extraction takes less time and uses less labour and lower amounts of
solvent without the extra steps such as channeling, analyte or matrix breakthrough, or
preconditioning of SPE cartridges. Just as a drying agent is sometimes added to the top of
an SPE cartridge, magnesium sulfate is added simultaneously with the SPE sorbent to
remove much of the excess water and to improve the analyte partitioning to provide
better clean up.
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3.4. Quantitative determinations

All samples were quantified using the method of external standards. The linear
concentration range was derived from the calibration graphs. Seven-point calibration curves
for each compound were found to be linear ranging from 0.05 to 2.0 ug/ml, with 1/x
weighting and with correlation coefficients (r?) of >0.995. SIM traces were integrated for
quantitation purposes. The limit of detection (LOD) and limit of quantification (LOQ) were
estimated from the computer-generated software using a signal-to noise ratio (S/N)
program. The LOD and LOQ were determined based on a signal to noise ratio of 3 and the
limit of quantification (LOQ) was based on a signal to noise ratio of 10.

The internal standard was evaluated qualitatively only to confirm the injection of the sample
extract. Normalization against the internal standard was not considered feasible because of
unpredictable and varying matrix effects for several of the matrices studied in this work. A
matrix-matched standard was also prepared by spiking the final extract; a fortification
standard was added to the blank sample that had been extracted using the same procedure.

3.5. Pesticide recoveries

Recovery of pesticides from the fortified samples was calculated relative to that from a
solvent standard and a matrix-matched standard. The acceptable percentage ranges for
recovery (accuracy) and CV (precision) was based on CODEX criterion for method
validation.

Recoveries and coefficients of variation of triazoles from fortified orange samples are shown
in Table 2 and Fig. 6. Samples were spiked at 0.05mg/kg, 0.5mg/kg and 1mg/kg. The
recoveries for these triazoles were from 60% to 145% with CV of 2.3 to 13.1% Most of the
compound recoveries give more than 70% and fufills the codex acceptable recovery range.
The recovery for Cyproconazole, tebuconazole and propiconazole at 1.0 mg/kg and
myclobutanil at 0.05 mg/kg falls outside the acceptable range but the CV is within the
acceptable range. Overall average recovery was 95% at all 3 fortification levels and all
compounds met the CODEX CV acceptable range.

Orange
1.0 mg kg! 0.5 mg kg 0.05 mg kg

Triadimenol 9.3 (2.3) 59.6 (7) 89.1 (11.4)
Cyproconazole 128.8 (4.9) 88.9 (4.7) 75.2 (4.9)
Myclobutanil 103.0 (3.9) 83.9 (5.5) 1449 (4.8)

Triadimefon 89.7 (2.7) 65.7 (7.1) 85.9 (3.1)
Tebuconazole 142.4 (5.5) 98.5 (4.0) 100.9 (5.3)
Fenbuconazole 111.4 (3.9) 73.1 (5.9) 91.84 (13.1)
Hexaconazole 117.0 (7) 87.0 (5.4) 74.8 (6.4)
Propiconazole 121.5 (3.2) 75.0 (4.7) 694 (9.8)
Difenoconazole 118.7 (4.3) 86.2 (5.9) 87.7(9)

Table 2. Recovery of Triazoles in orange (n=5)
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Figure 6. Recoveries fortified in Orange (n=5 at each level).

The recoveries and coefficients of variation of triazoles from fortified cabbage samples are
shown in Table 3 and Fig. 7. Samples were spiked at 0.05mg/kg, 0.5mg/kg and 1mg/kg. The
recoveries for 9 triazoles were within the acceptable range for 1 mg/kg fortification levels.
They ranged between 98-120% (CV of 2.6% to 7.1%). Recoveries obtained at 0.5 mg/kg were
in the range of 76-100% with CV of 4.1 to 18.9%). The recoveries for cyproconazole and
fenbuconazole at 0.5 mg/kg were in the acceptable range but CV% was out of range.
Recoveries for cabbage spiked at 0.05mg/kg were between 53-98%. A lower recovery was
obtained for cyproconazole and tebuconazole while fenbuconazole was almost all lost
(0.7%) and the CV was also so high (149.9%). The overall average recovery was 91%.

Cabbage
1.0 mg kg! 0.5 mg kg 0.05 mg kg!
Triadimenol 115.8 (2.6) 99.0 (4.1) 88.7 (2.5)
Cyproconazole 98.6 (7.1) 76.0 (16.8) 53.5 (13.0)
Myclobutanil 119.9 (2.7) 98.8 (6.3) 92.1 (4.1)
Triadimefon 112.9 (6.0) 100.3 (5.1) 101.9 (2.3)
Tebuconazole 98.9 (3.4) 77.8 (10.0) 58.9 (6.9)
Fenbuconazole 101.8 (6.1) 76.5 (18.9) 0.7 (149.4)
Hexaconazole 115.6 (2.7) 94.2 (8.3) 71.5 (3.8)
Propiconazole 113.15 (4.3) 96.6 (4.8) 96.4 (3.6)
Difenoconazole 112.4 (5.5) 95.6 (8.1) 98.3 (9.9)

Table 3. Recovery of Triazoles in cabbage (n=5)

The recovery results obtained from spiked tomato at different levels was between 66-144%
(see Table 4). The CV for all compounds at different fortification levels were in the range of
2.6 - 11.9% and met the CV acceptable range except for fenbuconazole (16.9%). The recovery
for propiconazole at all the 3 concentrations of 0.05 mg/kg and 0.5 mg/kg spiked did not
meet the acceptance limit but the CV’s met the acceptable limit. The overall average
recovery was 105.3%.
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Figure 7. Recoveries fortified in Cabbage (n=5 at each level)
Tomato
1.0 mg kg! | 0.5mgkg? 0.05 mg kg
Triadimenol 105.7(10.3) 95.7 (8.9) 87.8(9.1)
Cyproconazole 97.1 (4.2) 88.8 (8.3) 92.6 (11.9)
Myclobutanil 91.9 (8.3) 88.0 (8.6) 66.2 (10.9)
Triadimefon 103.6 (9.1) 96.4 (6.3) 118.9 (10.7)
Tebuconazole 105.6 (8.8) 88.9 (8.9) 115.2 (10.3)
Fenbuconazole 104.0 (2.6) 93.8 (5.8) 103.4 (16.9)
Hexaconazole 108.3 (9.4) 86.6 (10.0) 84.9 (8.0)
Propiconazole 188.0(10.2) 144.7 (4.6) 175.6 (7.1)
Difenoconazole 107.1(15.7) 99.7 (9.7) 105.2 (10.7)
Table 4. Recovery of Triazoles in tomato (n=5)
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Figure 8. Recoveries fortified in tomato (n=5 at each level)

The recoveries for all spiked triazoles at 3 concentration levels in carrot are shown in Table 5
and Figure 9. As shown in Table 5, the recoveries for carrot spiked at 0.05 mg/kg were quite
low for most of the analytes, between 48-111% with CV in the range of 5.4 to 56.6%. The
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recovery spiked at 0.5 mg/kg was between 68-85% but difenoconazole recovery was very
high at 151%. Contrary to the recovery spiked at 0.05 mg/kg, recoveries spiked at 1 mg/kg
were very high (more than 100%) for most compounds between 86-142% and CV for all
compounds did not meet the range. The overall average recovery was 90.7% for all
fortification levels.

Carrot

1.0 mg kg 0.5mgkg! | 1.0 mgkg?
Triadimenol 86.0 (15.2) 69.8 (7.4) 48.3 (6.1)
Cyproconazole 113.0 (14.2) 72.9(11.0) 64.7 (8.6)

Myclobutanil 126.0 (14.4) 75.3 (8.2) 54.7 (5.4)
Triadimefon 121.0 (18.8) 68.6 (8.2) 50.4 (10.8)
Tebuconazole 142.0 (15.5) 75.5(7.3) 73.9 (46.7)
Fenbuconazole 109.0 (14.3) 74.4 (8.0) 51.0 (7.4)
Hexaconazole 115.0 (16.2) 85.5 (8.6) 66.5 (6.6)
Propiconazole 137.0 (14.9) 723 (7.1) 110.6 (56.6)

Difenoconazole | 121.0 (158) | 151.0(6.8) | 111.4(6.1)

Table 5. Recovery of Triazoles in carrot (n=5)

% Recovery
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Figure 9. Recoveries fortified in Carrot (n=5 at each level)

4. Conclusion

Lower recoveries for some analytes in certain matrices and at certain concentrations in
pesticide residue analysis could be due to the degradation of base sensitive pesticides in
higher pH samples, or degradation of acid sensitive pesticides in lower pH samples. And
protonization of basic pesticides in acidic conditions reduces partition into organic layer.

For consistent and higher recoveries, some considerations that we need to look into are the
homogeneity of the samples, the choice of solvent, sorbent(s) and salt(s) used during clean-
up process. The EtOAc modified QuEChERS method was demonstrated to provide
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consistent and reproducible recoveries for tomato, cabbage and orange for most triazole
compounds but not for carrot. High Performance Liquid Chromatography coupled with
mass spectrometry by atmospheric pressure ionisation can be used for the identification of
triazole fungicides in vegetables and additional confirmatory is not needed.

More sensitive analytical methods such as LC-QTof (Liquid chromatography high
resolution time-of-flight), orbitrap mass analyzers (LC-HR-MS), LC-MS/MS that have higher
sensitivity and specificity can also be used. LC-QTof, LC-MS/MS can be used for screening
and confirmation work and need no additional confirmatory. Liquid chromatography
coupled with high resolution time-of-flight or orbitrap mass analyzers (LC-HR-MS) seems to
open new and attractive possibilities for residue analysis [30-31].

Author details

Nor Haslinda Hanim Bt Khalil
Food Quality Laboratory, Health And Environmental, Dept., Kuala Lumpur City Hall,
Selayang, Kuala Lumpur

Tan Guan Huat
Dept. of Chemistry, Faculty of Science, Universiti Malaya, Lembah Pantai, Kuala Lumpur

Acknowledgement

The author wish to thank the Director and Deputy Director of Health and Environmental
Department, Kuala Lumpur City Hall for their support of this project and Mohd. Fairuz,
Assistant Science Offcer of Food Quality Laboratory, Kuala Lumpur City Hall for the
technical assistance.

5. References

[1] WuY.S,;LeeH.K;and LiS. F. Y. (2001) ] Chromatography. A., 912, 171-179

[2] Mueller, 2006]

[3] Fillion, ], Sauvé, E., and Selwyn, J. (2000). Multiresidue method for the determination of
residues of 251 pesticides in fruits and vegetables by gas chromatography/mass
spectrometry and liquid chromatography with fluorescence detection. J. AOAC Int. 83,
698-713.

[4] S. Nemoto; K. Sasaki; S. Eto; I. Saito; H. Sakai; T. Takahashi; Y. Tonogai; T. Nagayama;
S. Hor; Y. Maekawa; and M. Toyoda (2000). J. Food Hyg. Soc. Japan 41, 233-241 (in
Japanese).

[5] H.Obana; K. Akutsu; M. Okihashi; and S. Hori (2001). Analyst 126, 1529-1534

[6] Anastassiades, M., Lehotay, S.J., gtajnbaher, D., and Schenck, F.J. (2003). Fast and Easy
Multiresidue Method Employing Acetonitrile Extraction /Partitioning and”Dispersive

Solid-Phase Extraction” for the Determination of Pesticide Residues in Produce. J.
AOAC Int. 86 (2), 412-431.



Determination of Triazole Fungicides in
Fruits and Vegetables by Liquid Chromatography-Mass Spectrometry (LC/MS)

[7] Aysal, P., Ambrus, A, Lehotay, S.J.; and Cannavan, A. (2007). Validation of an efficient
method for the determination of pesticide residues in fruits and vegetables using ethyl
acetate for extraction. Journal of Environmental Science and Health B, in press (Vol.B42,
No.5)

[8] Food and Drug Administration (1999) Pesticide Analytical Manual Volume I: Multiresidue
Methods, 3rd Edition, U.S. Department of Health and Human Services, Washington,
DC.

[9] Luke, M. A., Froberg, J.E.,, and Masumoto, H. T. (1975). Extraction and cleanup of
organochlorine, organophosphate, organonitrogen, and hydrocarbon pesticides in
produce for determination by gas-liquid chromatography. J. Assoc. Off. Anal. Chem. 58,
1020-1026.

[10] Cook, J., Beckett, M. P., Reliford, B., Hammock, W., and Engel, M. (1999) Mutiresidue
analysis of pesticides in fresh fruits and vegetables using procedures developed by the
Florida Department of Agriculture and Consumer Services. L AOAC Int. 82, 1419-1435.

[11] Lee, S. M., Papathakis, M. L., Hsiao-Ming, C. F., and Carr, J. E. (1991). Multipesticide
residue method for fruits and vegetables: California Department of Food and
Agriculture. Fresenius ]. Anal. Chem. 339, 376-383.

[12] Andersson A., and Palsheden H. (1991). Comparison of the efficiency of different GLC
multi-residue methods on crops containing pesticide residues. Fresenius J.Anal. Chem.
339, 365-367.

[13] Sheridan, R. S., and Meola J. R. (1999). Analysis of pesticide residues in fruits,
vegetables, and milk by gas chromatography/tandem mass spectrometry. ]. AOAC Int.
82, 982-990.

[14] Lehotay, S. J. (2000). Determination of pesticide residues in nonfatty foods by
supercritical fluid extraction and gas chromatography/mass spectrometry: collaborative
study. J. AOAC Int. 83, 680-697.

[15] Wylie, P; and Chin, K.M (2001). Labplus International — September/October

[16] Aguilar, C; Ferrer, 1.; Borrul, F.; Marce, R M. (1998). ]. Chromatography. A, 794 (1/2), 147-
164

[17] Aguilar, C; Penalver, S.; Pocurull, E. Borrull, F.; Marce, R M. (1998). |. Chromatography.
A, 795 (1), 105-116

[18] Lehotay,S.]J.; Kyung, A.S.; Kwon, H.; Koeksukwiwat,U.; Fu, W.; Mastrovska, K.; Hoh, E.;
and Leepipatpiboon, N. (2010). Journal of Chromatography A. 1217, 2548-2560.

[19] Guzetta, A (2001). Reverse Phase HPLC Basics for LC/MS, An Ion Source tutorial.

[20] Lehotay, S.J.; de Kok, A.; Hiemstra, M.; and van Bodegraven, P. ( 2005). Journal of
AOAC International. Vol. 88, No.2,

[21] Maestroni, B.; Ghods, A.; El-Bidaoui, M.; Rathor, N.; Ton, T.; Ambrus, A. (2000). In
Principles and Practices of Method Validation; Fajgelj, A., Ambrus, A.Eds.; The Royal
Society of Chemistry, Cambridge, England, 49-58.

[22] Maestroni, B.; Ghods, A.; El-Bidaoui, M.; Rathor, N.; Jarju, O.P.;Ton, T.; Ambrus, A.
(2000). In Prin-ciples and Practices of Method Validation; Fajgelj, A., Ambrus, A, Eds.; The
Royal Society of Chemistry: Cambridge, England. 59-74

[23] Mol HG] et al 2007

183



184  Agricultural Chemistry

[24] Kadenczki, L.; Zoltan, A.: Gardi, I.; Ambrus, A.: Gyorfi, L.; Reese, G.; Ebing, W. (1992). |.
AOAC Int., 75, (1), 53-61.

[25] Holstege D.M. et al., 1994

[26] Holland, P.T.; Boyd, A.J.; Malcolm, C.P. (2000) In Principles and Practices of Method
Validation; Fajgelj, A., Ambrus, A., Eds.; The Royal Society of Chemistry: Cambridge,
England,; 29-40.

[27] Lehotay, S.J. (2007). J. AOAC mt. 90, 485-520.

[28] S.A. Barker, LCGC, Special Supplement, Review on Modern Solid-Phase Extraction
(May 1998)

[29] S.A. Barker (2000). J. Chromatogr. A. 880, 63-68

[30] Thurman E.M; Ferrer, I,; and Fernandez-Alba A.R. (2005). ] Chromatogr A. 1067, 127-34

[31] Picd, Y; and Barcelo, D (2008). Trends Anal. Chem. 27, 821-835



Chapter 9

Effect of Simulated Rainfall on the Control
of Colorado Potato Beetle (Coleoptera:
Chrysomelidae) and Potato Leafhopper
(Homoptera: Cicadellidae) with At-Plant
Applications of Imidacloprid, Thiamethoxam
or Dinotefuran on Potatoes in Laboratory
and Field Trials

Gerald M. Ghidiu, Erin M. Hitchner and Melvin R. Henninger
Additional information is available at the end of the chapter

http://dx.doi.org/10.5772/55331

1. Introduction

The Colorado potato beetle, Leptinotarsa decemlineata (Say) [Order Coleoptera] (CPB), is
considered the most important pest of potatoes throughout the northeastern and mid-
Atlantic regions of the United States [1]. Both larval and adult CPB feed on potato foliage,
stems, and flowers, which can severely defoliate plants, significantly reducing yields [2].
Growers rely on insectidicides to control CPB in the field but it has developed resistance to
52 different compounds used against it, which includes all major insecticide classes [3].

Another economically important insect pest of potatoes is the potato leathopper, Empoasca
fabae (Harris) [Order Homoptera] (PLH), a sap-feeding insect that causes damage known as
“hopper burn” [4]. Feeding results in curling, stunting, yellowing and eventual browning of
the potato foliage, and even low numbers of leathoppers can cause significant yield losses
[4, 5]. The potato leafhopper overwinters in the southern US and migrates northward on
wind currents [6,7], typically arriving in the northeast United States in mid- to late May or
early June each year.

Currently throughout the potato-producing regions of the United States, the neonicotinoid
class of insecticides, which includes dinotefuran, imidacloprid and thiamethoxam, is widely
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used for control of several insect pests of white potatoes [8,9], including early to mid-season
infestations of both CPB and PLH. These insecticides are toxic to both of these pests [10],
have excellent systemic uptake and translocation in plants, are used at low application rates,
and present reduced environmental hazards [11,12]. Although most neonicotinoids can be
applied as either a seed treatment, a soil treatment or as a post-planting foliar treatment,
many commercial growers prefer a soil application at planting time. Applied to the soil,
these materials are absorbed by the roots and translocated acropetally (xylem movement)
within the whole plant [12,13]. However, the effectiveness of soil-applied insecticides are
influenced by soil and climatic conditions, including soil moisture, clay and organic content,
rainfall, soil temperature, plant size, sorption, adsorption, and physical properties of the
insecticide, such as stability to chemical and microbial degradation [14,15,16]. Thus, when
used as a soil-applied insecticide, the length of effective protection can vary and additional
foliar insecticide sprays may be needed to control midsummer populations of both the CPB
and PLH.

The solubility of an insecticide and its activity in soil and uptake by the roots is known to be
important, but this relationship has not been well documented [17]. In general, increased
solubility is positively related to increased uptake of a systemic chemical. A compound’s
relative affinity between soil and water phases is measured by log Koc (organic carbon
referenced sorption coefficients). With sufficient soil moisture, materials with higher log Koc
bind more tightly to soil colloids and release at a slower rate, affecting the availability for
root uptake; materials with a higher solubility enter the plant roots more quickly and thus
move through a plant faster than materials with a lower solubility. The uptake of
dinotefuran, which is 80 times more soluble than imidacloprid, in both yellow sage and
poinsettia plants was more rapid and resulted in quicker and higher percentage mortality of
whitefly nymphs compared with imidacloprid [18]. However, materials with a lower log
Koc are also more easily leached out of the root zone, which can reduce effectiveness. For
example, thiamethoxam has a strong potential to leach under heavy rainfall conditions [19],
and imidacloprid has a potential to leach to ground water [20]. Leaching of the insecticide
would impact insect pest control because less insecticide would be available for uptake by
the plant, resulting in reduced efficacy or in reduced longevity of efficacy. Although much
research has been conducted on the bioefficacy of the neonicotinoids against CPB and PLH
as soil-applied insecticides, little published information is available on the effect of rainfall
on these materials after application to the soil.

Therefore, laboratory and field studies were conducted to examine the effect of two levels of
simulated rainfall on three neonicotinoids with different solubilities for control of CPB and
PLH on white potato.

2. Methods and materials

Laboratory Trials. Two “Superior” cv. potato seed pieces were each planted into 22.9 cm
(9”) diam pots half-filled with soil in the field on 23 Apr. The pots were then aligned in the
field in a straight row, each pot touching the next, to approximate a grower-practiced seed



Effect of Simulated Rainfall on the Control of Colorado Potato Beetle (Coleoptera: Chrysomelidae) and Potato
Leafhopper (Homoptera: Cicadellidae) with At-Plant Applications of Imidacloprid, Thiamethoxam or ...

spacing of 22.9 cm (9”). Treatments consisted of three neonicotinoid insecticides, at full
labeled rates, and an untreated: imidacloprid (Admire PRO, 635.9 ml/ha [8.7 fl oz/acre],
BayerCropScience, Research Triangle Park, NC), thiamethoxam (Platinum 25C, 584.2 ml/ha
[8.0 fl oz/acre], Syngenta, Greensboro, NC), dinotefuran (Venom 70SG, 525.5 g/ha [7.5
oz/acre], Valent BioSciences, Libertyville, IL), and an untreated water spray. The solubility
of the three neonicotinoids, from least to most soluble, are imidacloprid (solubility of 0.51
g/liter at 20° C, [20], thiamethoxam (solubility of 4.1 g/liter at 20° C, [12], and dinotefuran
(solubility of 40.0 g/liter at 20° C, [21]. To simulate a field application, treatments of
insecticides were applied over the top of the pot as a 10.2 cm (4”) band open-furrow
application on 23 Apr using a 3785 ml (1 gal) Agway (Southern States Cooperative,
Richmond, VA) water sprinkler calibrated to deliver 189.3 liter/0.405 ha (50 gpa). The seed
pieces were then covered by filling the pots with clean field soil. Because soil texture, clay
content and organic matter influence mobility, the same soil (Sassafrass sandy loam, 65%
sand, 23% silt, 12% clay, 1% organic matter) was used for all the laboratory pots and for the
field trials. A total of 32 pots were prepared (8 pots per treatment with the 4 treatments
described above) and were immediately moved to an environmentally-controlled plexiglass
greenhouse. Pots were evenly divided into 2 groups, with 4 pots (4 replications) of each
treatment in the low rainfall group and 4 pots of each treatment in the high rainfall group.
Thus main plots were amount of rainfall, and sub-plots were insecticide treatment. All 16
pots in either the low rainfall group or high rainfall group were placed on an 1.8 m (6 ft)
diameter round table. A mechanical rainfall simulator [see 22] consisting of a rotating boom
with a single TeeJet 8010 nozzle, operated by a 0.254 metric hp (¥4 hp) electrical motor,
delivered a 20.3 cm (8”) band of water over the pots to simulate rainfall. Two rain gauges
were placed opposite each other on the table between the pots: once every Monday the low
rainfall group received 1.3 cm water (0.5”) as measured in the rainfall gauge, and every
Monday and Thursday the high rainfall group received 3.8 cm (1.5”) each time, for a total of
7.62 cm (3”) per week. Simulated rainfall commenced on 26 Apr, 3 days after planting, and
continued every week until 11 Jun (a period of 8 weeks for a total of 4” low rainfall regimen,
and 24” high rainfall regimen). Two leaves from the middle 1/3 foliage from each plant in
each pot were picked and placed in sterile 12.7 cm diameter (5”) Petri dishes on 30 May, 3,
15, 25 Jun and 2 Jul. Just after leaves were placed in the Petri dishes, CPB larvae were
collected from untreated nursery potato plots (“Superior” cv) in the field and five same-
instar larvae were placed in each Petri dish with the leaves and placed in the laboratory (2"
and 3 instar larvae were tested May through early Jun, 3 and 4t instar larvae were tested
mid- to late Jun, and adults were tested early Jul because no larvae were available). After 72
hr, the total percentage leaf-feeding, based on visual assessment of percentage leaf tissue
consumed by the CPB, and the number of live CPB in each Petri dish was recorded (3, §, 21,
28 Jun and 5 Jul).

Field Trials. “Superior” cv. white potatoes were planted on 10 Apr into a prepared (disked,
limed and fertilized) Sassafras sandy loam field. This soil was the same as used in the
laboratory trials previously described. Plots consisted of 3 rows of potatoes, each row 7.62 m
long (25 ft) and 0.9 m wide (3 ft), replicated 4 times in a split-plot design: whole plots were
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amount of rainfall (a rainfall regimen of either 1.3 cm/week [/2”] or 7.62 cm/week [3”), and
sub-plots were insecticide treatment (imidacloprid, thiamethoxam, dinotefuran, or
untreated). Insecticide treatments were the same as in the laboratory trials previously
described and were applied at the same rates to the furrow at planting using a hand-held 7.6
liter (2-gal) Agway sprinkler can calibrated to deliver 189.3 liter/0.405 ha (50 gpa) in a 10.2
cm (4-in) band, after which the furrows were immediately closed; one treatment consisted of
no insecticide. Whole plots were irrigated with an overhead irrigation system consisting of a
51 cm (2”) main water pipe connected to a Rainbird J-20 revolving irrigation head
delivering 0.5 cm water per 0.405 ha (0.2” per acre) per hour. Each whole plot had two rain
gauges at plant height, one located near the irrigation head and one at the furthest wet point
away from the irrigation head. Plots received overhead irrigation every Wednesday starting
23 Apr and continued each week through 27 Jun (either 1.3 cm [1/2”]or 7.62 cm [3”]) over a
total of 10 weeks. Plots that received a natural rainfall less then the treatment amount during
the week received additional irrigation only to bring the total to 1.3 cm or 7.62 cm, and plots
that received more natural rainfall than the treatment amount received no irrigation.

The total number of Colorado potato beetle larvae (small and large larvae) per 3 hills, and
percentage plant defoliation caused by CPB feeding were recorded on 1, 11, 17, and
defoliation ratings only on 25 Jun. Potato leafthopper damage ratings (0 = no damage, 5 =
severe damage) were recorded on 25 Jun and 3 Jul.

All data were recorded from the center row of each 3-row plot. Data were averaged to
obtain a plot mean for all recorded observation. Data for both the laboratory and field trial
were subjected to a split-plot analyses of variance (ANOVA) [23]. Means were separated
using Tukey’s HSD Studentized range test [23] and were plotted on graphs with Microsoft
Excel (www.microsoft.com/en-US/excel365/). .

3. Results

3.1. Laboratory results

The results of the ANOVA to test the main effects (amount of simulated rainfall and
insecticide) and rainfall by insecticide interaction on CPB in laboratory trials are
summarized in Table 1. ANOVA demonstrated significant (P<0.05) insecticide effects for
both CPB mortality and percentage leaf feeding on all dates recorded. However, the main
effect of the amount of simulated rainfall was significant only on the first date for
percentage leaf tissue eaten by CPB larvae, and only on the first two dates for CPB larval
mortality (Table 1). Similarly, the rainfall by insecticide interaction for CPB mortality was
significant (P<0.01) only on the first observation date (Table 1, and significant (P<0.01) only
on the first two observation dates for percentage leaf tissue eaten..

When CPB larvae were placed on leaves treated with imidacloprid or thiamethoxam,
mortality was significantly (P<0.01) higher compared with larvae placed on leaves treated
with dinotefuran or the untreated for the low rainfall regimen until 17 Jun (Fig. 1), when
mortality of CPB on leaves treated with imidacloprid decreased; thiamethoxam remained
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No. dead CPB/20 after 72 hr

% leaf tissue eaten by CPB after 72 hr

6/3 6/8 6/21  6/28 7/5 6/3 6/8 6/21 6/28  7/5
MP
SP * * ns ns ns * ns ns ns ns
MPXS *% *% % * *% *% *3F *% *3% *34
P ** ns ns ns ns ** ** ns ns ns

MP= main effect of simulated rainfall; SP= main effect of insecticides; MPxSP= interaction
'Summary of results of analysis of variance. ns= nonsignificant; *, P<0.05%, **, P<0.01%

Table 1. Summary of effects of simulated rainfall and insecticides on efficacy of 3 soil-applied

neonicotinoids against Colorado potato beetle (CPB) on white potatoes in laboratory trials!, Bridgeton,

NJ 2007
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Figure 1. Effect of two levels of simulated rainfall on mortality of Colorado potato beetle larvae on
potato foliage treated with neonicotinoids in a laboratory bioassay. Bridgeton, NJ. 2007.
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significantly (P<0.01) more toxic to CPB larvae than all other treatments through 7 Jul.
Under the high rainfall regimen, larvae placed on leaves treated with imidacloprid or
thiamethoxam had a significantly (P<0.01) higher mortality on 28 May and 7 Jun than did
larvae placed on leaves treated with dinotefuran or leaves from plants that received no
insecticide; mortality of CPB on leaves treated with thiamethoxam was still significantly
higher than that of CPB larvae on leaves treated with dinotefuran or the leaves that received
no insecticide through the end of Jun (Fig. 1).

CPB larvae placed on leaves from potato plants treated with imidacloprid or thiamethoxam
ate significantly (P<0.01) less leaf tissue than did larvae on potato leaves from plants treated
with dinotefuran or on leaves with no insecticide on each day recorded for both the low and
high rainfall regimen (Fig. 2). Leaves from potato plants treated with dinotefuran under the
low rainfall regimen had significantly (P<0.01) less CPB feeding damage as compared with
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Figure 2. Effect of two levels of simulated rainfall on percentage leaf tissue eaten by Colorado potato
beetle larvae on potato treated with neonicotinoids in a laboratory bioassay. Bridgeton, NJ 2007.
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leaves with no insecticide only on 28 May and 7 Jun, but not on 17, 17 Jun or 7 Jul. Leaves
from dinotefuran-treated potato plants under the high rainfall regimen showed no
significant differences for damage as compared with the leaves with no insecticide on all
dates of the bioassay (Fig. 2).

3.2. Field results

The results of the ANOVA to test the main effects (amount of simulated rainfall and
insecticide) and rainfall by insecticide interaction on CPB and PLH in field trials are
summarized in Table 2. ANOVA demonstrated significant (P<0.01) insecticide (sub-plots)
effects for all data (total CPB, CPB defoliation and PLH damage rating). The main effect of
the amount of simulated rainfall was significant (P<0.05) only for PLH damage. A significant
(P<0.05) interaction of the amount of simulated rainfall by insecticide was observed for both
the percentage defoliation caused by CPB and for PLH damage.

PLH damage rating
No. CPB/3 hills % CPB defoliation (0-5 scale)
6/1  6/11 6/17 6/1 6/11 6/17 6/25 6/25 7/3
MP ns ns ns ns ns ns ns ** **
SP 3% 3% *% 3% 3% *% *3% *3% *3%
MPxSP ns ns ns * * * ns * *

MP= main effect of simulated rainfall; SP= main effect of insecticides; MPxSP= interaction
ISummary of results of analysis of variance. ns= nonsignificant; *, P<0.05%, **, P<0.01%

Table 2. Summary of effects of simulated rainfall and insecticides on control of Colorado potato beetle
(CPB) and potato leathopper (PLH) on potatoes in field trials!, Bridgeton, NJ 2007

Plots treated with either imidacloprid or thiamethoxam had fewer CPB larvae on all dates
recorded as compared with plots that received no insecticide in both the high and low
rainfall regimens; the number of CPB larvae/3 hills recorded in plots treated with
imidacloprid or thiamethoxam remained low throughout the season (Fig. 3). The plots
treated with dinotefuran had significantly (P<0.05) more CPB larvae then did either of the
plots treated with either imidacloprid or thiamethoxam on 17 Jun. There were no significant
(P<0.05) differences between plots treated with dinotefuran and plots that received no
insecticide for number of CPB larvae/3 hills in either the low or high rainfall regimen on
each day observed throughout the season. Both imidacloprid and thiamethoxam were
effective in reducing the numbers of CPB larvae throughout the season (from planting
through late Jun). Under the low rainfall regimen, dinotefuran was effective in reducing
CPB larvae only through early Jun, and under the high rainfall regimen the number of CPB
larvae/3 hills for potato plants treated with dinotefuran was not significantly (P<0.05)
different than plants that received no insecticide on any date observed.
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The percentage defoliation caused by CPB feeding was significantly (P<0.05) less in plots
treated with imidacloprid or thiamethoxam as compared with dinotefuran or plots that
received no insecticide after 12 Jun in both the low and high rainfall regimens (Fig. 4). The
percentage defoliation in plots treated with dinotefuran was less than in plots that received
no insecticide but greater than either imidacloprid or thiamethoxam in the low rainfall
regimen, but was similar to the plots that received no insecticide in the high rainfall

regimen, although these differences were not significant (P<0.05).
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Figure 3. Effect of two levels of simulated rainfall on populations of Colorado potato beetle larvae on

potatoes treated with neonicotinoid insecticides at planting, Bridgeton, NJ. 2007.
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All insecticide-treated plots had significantly less (P<0.05) PLH damage on each day
recorded for both the low and high rainfall regimens, as compared with plots that received
no insecticide (Fig. 5). In the insecticide-treated plots that received low rainfall, no
significant differences among the three treatments were recorded. Under the high rainfall
regimen, however, the dinotefuran-treated plots had significantly higher PLH damage on 25
Jun than did plots treated with either imidacloprid or thiamethoxam, and by 7 Jul, plots
treated with thiamethoxam had significantly (P<0.05) less PLH damage than all other

treatments.
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Figure 4. Effect of two levels of simulated rainfall on percentage plant defoliation caused by Colorado
potato beetles on potatoes treated with neonicotinoids at planting, Bridgeton, NJ. 2007.
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4, Discussion

The CPB mortality bioassay showed that imidacloprid and thiamethoxam were more toxic
to CPB larvae than dinotefuran during May and early June, but mortality of CPB larvae for
all treatments declined over time (Fig. 1). It is likely that the continual simulated rainfall was
partially responsible for this decrease in efficacy since dinotefuran, the most soluble
material, was effective against CPB larvae early with the low amount of simulated rainfall,
but was not effective at any time with the high amount of rainfall, suggesting that the
material was leached from the soil before the potato plants had enough root matter to
absorb the insecticide. Mortality would also decline over time because the material is no
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longer available in the foliage when the CPB were placed on the leaves in the petri dish, as
the bioassay was conducted from 37 to 70 days after the in-furrow treatment applications. It
is also possible that CPB mortality within all treatments declined over time because the
laboratory test larvae were field-harvested from an untreated potato nursery, and only large
larvae (34 and 4% instars) were available in late June whereas only small larvae (1%t and 2n¢
instars) were available in late May and early June, and only adults were available in July.
Large CPB larvae and adults are generally more difficult to intoxicate than small larvae
[24,25,26]. Further, mortality of CPB on leaves from plants treated with thiamethoxam was
significantly (P=0.05) higher than that of all other treatments, including imidacloprid, under
the low rainfall regimen on 28 Jun and 5 Jul, the last two test dates, suggesting that
thiamethoxam remains more active in the plant over a longer period of time. Plants from
soybean seeds that had been treated with with thiamethoxam resulted in significantly fewer
aphid numbers than did imidacloprid-treated plants after 3 weeks, likely due to faster
imidacloprid metabolism in the plant, which would result in reduced insecticide activity
over a shorter time [27]. However, the difference between imidacloprid and thiamethoxam
observed in the laboratory trials was not observed in the field trial, possibly because the
final CPB larval field count was conducted on 25 June. Also, the effect of high amounts of
simulated rainfall may be more pronounced in the greenhouse pots than under actual field
production.

Similarly, the percentage leaf tissue consumed by larvae was significantly (P<0.05) higher
with dinotefuran and the untreated than with imidacloprid or thiamethoxam on all dates
recorded. However, dinotefuran resulted in significantly less leaf tissue consumption than
was observed with plants that received no insecticide in late May and early June (Fig. 2)
only under the low rainfall regimen; there were no significant differences between
dinotefuran and plants that received no insecticide under the high rainfall regimen, again
indicating that rainfall level impacted the effectivess of dinotefuran more so than that of
imidacloprid or thiamethoxam.

Data from the mortality and leaf-feeding laboratory bioassays showed significant (P<0.05)
insecticide effects in that both imidacloprid and thiamethoxam, applied at planting with the
seed piece, were significantly (P<0.05) more effective in reducing foliage consumption by
CPB larvae from planting (23 Apr) through 7 Jul under both the low and high rainfall
regimens compared with plants that were treated with dinotefuran or plants that received
no insecticide. The interaction showed that plants treated with dinotefuran, under the low
rainfall regimen, were significantly more effective in reducing leaf-feeding damage than
plants that received no insecticide only from planting through 7 Jun; dinotefuran was
ineffective in reducing foliage consumption under the high rainfall regimen for all dates
observed as compared with plants that received no insecticide. Similarly, leaves from plants
treated with either imidacloprid or thiamethoxam at planting resulted in significantly
higher CPB mortality from May through mid-July under the low rainfall regimen and
through mid-June under the high rainfall regimen as compared with CPB mortality on
plants treated with dinotefuran or on plants that received no insecticide. As observed with
the leaf-feeding bioassay, CPB mortality was significantly higher on plants treated with
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dinotefuran under the low rainfall regimen only through early June, as compared with
plants that received no insecticide; CPB mortality on plants treated with dinotefuran under
the high rainfall regimen were not significantly different than the untreated on all dates
observed. A highly water-soluble systemic insecticide may not provide long-term control or
regulation compared with a less water-soluble systemic insecticide [28]. Mortality of CPB
gradually on foliage treated with imidacloprid or thiamethoxam declined over time from
May through July for both rainfall regimens, and mortality declined more quickly with
dinotefuran for the low rainfall regimen as compared with imidacloprid or thiamethoxam.

Data from the field trials for CPB mortality are similar to the CPB mortality trials in the
laboratory bioassay, with significant insecticide effects in that plots treated with either
Admire or Platinum at planting resulting in significantly fewer CPB/3 hills through late June
under both the low and high rainfall regimens. Plots treated with dinotefuran had
significantly fewer CPB/3 hills than did plots that received no insecticide only on 2 Jun and
only under the low rainfall regimen; there were no significant differences for CPB/3 hills
between plots treated with dinotefuran and the no-insecticide plots on all dates observed
under the high rainfall regimen. As was recorded with the CPB larval counts in the field and
the laboratory trials, dinotefuran was less effective than either imidacloprid or
thiamethoxam under the low rainfall regimen, and dinotefuran was ineffective under the
high rainfall regimen. Further, both imidacloprid and thiamethoxam remained effective for
a greater time period after planting than did dinotefuran, possibly due to the lower
solubility of imidacloprid and thiamethoxam. Field data for the percentage defoliation
caused by CPB feeding were similar to that observed for CPB mortality. Significant
insecticide effects were observed as defoliation increased over time. Defoliation in plots
treated with either imidacloprid or thiamethoxam remained low through all observation
dates, but defoliation in plots treated with dinotefuran was not significantly different than
plots that received no insecticide on any observation date. These data agree with [29], who
reported that potatoes treated with dinotefuran had significantly greater percentage
defoliation than either imidacloprid or thiamethoxam in white potatoes with in-furrow
treatments.

The PLH data show significant insecticide and significant rainfall effects. Under the low
rainfall regimen, all insecticides resulted in significantly less PLH damage through the
season (mid- June through mid-July) as compared with the plots that received no
insecticide; no significant effects among the three insecticides were observed for either
observation date. However, under the high rainfall regimen, plots treated with either
imidacloprid or thiamethoxam resulted in significantly less (P<0.05) PLH damage early in
the season (25 Jun) than did all other treatments, but only plots treated with thiamethoxam
had significantly (P<0.05) less PLH damage than all other treatments on 7 July. Our data
agrees with that of [30], who reported that thiamethoxam provided longer and more
consistent protection of snap beans from PLH than did imidacloprid when applied as a seed
treatment. They concluded that thiamethoxam had greater physiological activity against
PLH than did imidacloprid.
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Overall, the effectiveness of dinotefuran against CPB and PLH was influenced by the
amount of rainfall significantly more than either imidacloprid or thiamethoxam. Under a
high rainfall regimen, plots that received a treatment of dinotefuran were not significantly
different from plots that received no insecticide for either CPB mortality or for CPB leaf
consumption, and under a low rainfall regimen the effectiveness of dinotefuran against CPB
was significantly shorter over time than either imidacloprid or thiamethoxam. It has to be
mentioned that our findings reflect the worst-case scenarios for rainfall (maximum rainfall
total of 60.96 cm [24”] laboratory and 50.8 cm [20”] field) and that under practical conditions
lower amounts of rainfall would likely naturally occur. These high rainfall amounts likely
caused exaggerated leaching of all of the neonicotinoids, especially the highly soluble
dinotefuran, resulting in reduced control of the CPB and PLH.

Results of the present study show that rainfall has an impact on effectiveness of soil-applied
imidacloprid, dinotefuran and thiamethoxam for both CPB and PLH control in white
potatoes. However, growers should not rotate imidacloprid or dinotefuran with
thiamethoxam as part of their resistance management program. Alyokhin et al. (31) showed
that the correlation for LCso values for imidacloprid and thiamethoxam was highly
significant using diet incorporation bioassays, and that there was substantial cross-
resistance among three neonicotinoid insecticides. Further, Mota-Sanchez et al. (32) reported
that cross-resistance was observed with all 10 different neonicotinoids in a bioassay using
topical applications. They concluded that the rotation of imidacloprid with other
neonicotinoids may not be an effective long-term resistance management strategy. For
effective insecticide resistance management, control of CPB should not depend exclusively
on the neonicotinoid class of insecticides. It is important to use all available effective pest
management tools, including crop rotation, border treatments, and non-neonicotinoid
(different class) insecticides.
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1. Introduction

The herb known as bitter leaf (Vernonia amygdalina) is a shrub or small tree that can reach 23
feet in height when fully grown. Bitter leaf has a grey or brown coloured bark, which has a
rough texture and is flaked. The herb is an indigenous African plant; which grows in most
parts of sub-Saharan Africa. The East African country of Tanzania is traditionally linked to
this plant and can be found growing wild along the edges of agricultural fields. It is a
medicinal plant and fresh bitter leaf is of great importance in human diet because of the
presence of vitamins and mineral salts (Sobukola et al., 2007).

It is a very important protective food and useful for the maintenance of health and
prevention and treatment of various diseases. Some principal chemical constituents found in
bitter leaf herb are a class of compounds called steroid glycosides- type vernonioside B1 —
these chemical substances possess a potent anti-parasitic, anti-tumour, and bactericidal
effect. The bitter leaf is mainly employed as an agent in treating schistsomiasis, which is a
disease caused by parasitic worms. It is also useful in the treatment of diarrhoea and general
physical malaise.

Remedies made from bitter leaf are used in treating 25 common ailments in sub- Saharan
African, these include common problems such as fever, and different kinds of intestine
complaints, as well as parasite-induced diseases like malaria. Bitter leaf also helps to cleanse
such vital organs of the body like the liver and the kidney. Bitter leaf is also used in the
treatment of skin infections such as ringworm, rashes and eczema. However, bitter leaf and
other vegetables contain both essential and toxic metals over a wide range of concentrations
(Radwan and Salama, 2006).
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2. Heavy metal

This is a member of an ill-defined subset of an element that exhibit metallic properties,
which would mainly include the transition metals, some metalloids, lanthanides and
actinides. Many different definitions have been proposed - some based on density, some
based on atomic number or atomic weight and some on chemical properties or toxicity
(Purseglove, 1977)

The primary anthropogenic sources of heavy metals are point sources such as mines,
foundries, smelters, coal-burning power plants, and other sources such as combustion of
wastes, and vehicle emissions. Some investigations carried out have shown that heavy metal
accumulation in vegetables may pose a direct threat to human health.

Vegetables ingest metals by absorbing them from contaminated soil as well from deposits
on different parts of the vegetable exposed to the metal from polluted environments. Many
heavy metals act as biological poisons even at parts per billion (ppb) levels.

The distribution of heavy metals (such as iron, copper, manganese, lead, chromium and
zinc) in leaves, stems and roots of fluted pumpkin (Telfeiria occidentalis) were investigated at
three different street roads in Cross River State of Nigeria (Edem et al., 2009). The streets
were Afokang, Anantigha and Eneobong. The result showed that, the concentrations of Fe,
Mn, Pb and Cr were highest in the leaves.

Also, Afokang Street with the heaviest vehicular traffic out of the three streets recorded the
highest concentration of Pb in the leaves of the plants. This may be attributed to the high
level of exhaust emissions from vehicles plying the road.

Ademoronti (1986) in his findings on a study carried out in Benin, Nigeria, showed that lead
deposits on bark of trees were found to vary according to traffic volumes; areas of high
traffic volume recorded higher concentrations of lead. Further studies have revealed that
lead does not readily accumulate in the fruiting part of vegetables and crops (e.g., corn,
beans, tomatoes, apples and berries); a higher concentration of lead is most likely to be
found in leafy vegetables and on the surface of roots crops.

According to Ademoronti (1986), plants accumulate minerals essential for their growth from
the environment and also accumulate metals such as cadmium (Cd) and chromium (Cr)
which have no known direct benefit to the plants (Brook and Robinson 1989). From
Ademoroti’s (1995) findings, cadmium is present in low concentrations in vegetable leaves,
entering the human body through diet. The mechanism of trace metals’” movement within
plants was investigated by Walsh (1971). He found that most metals become chelated by a
relatively simple agent in xylem sap.

The iron content of normal plant tissue varies with the plant species, but it is usually
between the range of 20 - 200mg/kg dry matter (Walsh, 1971). The cobalt content of a normal
plant is usually within the range of 0.01 — 1.00mg/kg dry matter (Walsh, 1971). Lead is toxic
to crops at concentration range of 3 -20 ppm depending on the plant species; and to animals
at a concentration of Img/day (Bowen, 1979). Zinc is an essential mineral involved in
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catalytic functions and is important for both man and plants health and growth (Jeffery,
1992). The zinc content of normal plants tissues varies according to plant species, but it is
usually within the range of 5 — 300mg/kg dry matter (Walsh, 1971).

Generally vegetables appear to have the highest and lowest amount of heavy metals
accumulated in their leaves and seed respectively e.g. beans, peppers, tomatoes, melons and
peas show very low intake of heavy metals in their seed. Plant intake of heavy metals varies
with soil PH. A study by Echem (2010) on cassava cultivated on oil polluted soil showed that
soil contaminated with heavy metals cause contamination of foodstuffs.

Heavy metals are associated with myriad adverse health effects, including allergic reaction,
nephrotoxicity, and cancer. Humans are often exposed to heavy metals in various ways -
mainly through the inhalation of metals in the workplace or polluted neighbourhoods, or
through the ingestion of food that contains high levels of heavy metals or paint chips that
contain lead Ifon, (1977).

The three heavy metals commonly cited as being of the greatest public health concern are
cadmium, lead and mercury. There is no biological need for any of these three heavy metals.
Exposure to cadmium can result in emphysema, renal failure, cardiovascular disease and
perhaps cancer. The primary adverse health effect from exposure to lead is neurological
impairment (particularly in children). Other adverse health effects associated with lead
include sterility in males and nephrotoxicity.

Heavy metals have been reported to play positive and negative roles in human life (Slavesk
et al., 1998; Divrikli et al, 2003; Dundar and Saglam, 2004). Some heavy metals like
cadmium, lead and mercury are major contaminants of food supply and may be considered
as very harmful to the environment since they do not biodegrade while others like iron, zinc
and copper are essential for biochemical reactions in the body (Zaidi et al., 2005). Jarup
(2003) and Sathawera et al., (2004) have reported that, most heavy metals are not
biodegradable, have long biological half-lives and have the potential for accumulation in the
different body organs leading to unwanted side effects. There is a strong link between
micronutrient of plants, animals and humans, and the uptake and impact of contaminants in
these organisms (Yuzbas, et al., 2003; Yaman et al., 2005).

Research findings by Divrikli et al. (2006) had shown that the concentration of essential
elements in plants is conditional; it is affected by the characteristics of the soil and the ability
of plants to selectively accumulate some metals. Sources of heavy metals for plants include
rainfall in atmospheric polluted areas, heavy traffic as a result of high discharge of exhaust
effluents- indiscriminate disposal of oil or fossil fuels by road side mechanics, - plant
protection chemicals and fertilizers which could be absorbed through leaf blades
(Kovacheva et al., 2000; Lozak et al., 2002; Sobukola et al., 2006).

The aim of this research is to ascertain the level of heavy metals ingested by bitter leaf
grown along heavy traffic routes. It is a well established fact that diesel, gasoline, lubricants,
vehicle parts such as carburettors among others, contain heavy metals. The routes chosen for
this study record the highest traffic density for heavy duty vehicles, lorries, buses and cars
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in Rivers State; this is due to the presence of Onne Sea Port, Eleme and Port Harcourt
Refineries, Eleme Petrochemicals among others on one hand, and the movement of goods
and persons between Aba and Port Harcourt on the other. On these routes, it is common to
see vehicles under- going various types of repairs, mechanic workshops and heavy exhaust
emissions, and these invariably become the primary source of pollution to the road side
soils. Symptoms associated with acute oral zinc dose are vascular shock, vomiting,
diarrhoea, pancreatitis and damage of hepatic parenchyma. Consequently, crop plants
growing on heavy metal contaminated medium can accumulate high concentrations of trace
metals causing serious health risks to consumers.

3. Hypothesis

Ho: There is significant difference in the mean concentration of heavy metals in bitter
leaf cultivated along heavy traffic route from the ones cultivated away from the routes.

Ha: There is no significant difference in the mean concentration of heavy metals in
bitter leaf cultivated along heavy traffic routes from the ones cultivated away from the
routes.

3.1. Materials and methods

The materials used for this study include among others bitter leaf, stainless steel knife,
laboratory grinder, polythene bags, desiccator, analytical balance, platinum crucible, muffle
furnace, hydrochloric acid, volumetric flask, distilled water and atomic absorption
spectrophotometer.

3.2. Study area

The research was carried out in three different heavy traffic vehicular routes in Rivers State.
These routes are: Eleme Junction — Aba Road, Eleme Junction — Akpajo Road and Akpajo —
Refinery Junction. The control location was Kina Gbara Street in Bori, Khana Local
Government Area.

3.3. Sample collection and preparation

The bitter leaf samples were obtained from the four stated locations. The bitter leaf were
harvested from two different sites per location; and then put into separate polythene bags
and labelled accordingly. They were then taken immediately to the laboratory for
preparation and analysis.

The bitter leaf (Vernonia amygdalina) samples were washed with tap water and thoroughly
rinsed with distilled water, then dried in an oven at 105°C. They were then pulverized to
fine powder using a laboratory grinder. The fine powder was put into polythene bags and
preserved in the desiccator. 3.0g of each sample was accurately weighed into clean platinum
crucible and ashed at 450-500°C, then cooled to room temperature in the desiccator. The ash
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was dissolved in 5ml of 20% hydrochloric acid and the solution was carefully transferred
into a 100ml volumetric flask. The solution was filtered using Whatman No 1 filter paper
(Umoren and Onianwa, 2005) into a 50ml volumetric flask and made up to the mark with
distilled deionised water. The samples were taken to the Shimadzu atomic absorption
spectrophotometer (model 6650) for aspiration.

The determination of heavy metal (Fe, Zn, Cr, Pb and Cd) content of the sample solution
was carried out in accordance with the procedure of the AOAC (1984) on dry samples.

4. Results and discussion

The results of the heavy metal analysis of the bitter leaf samples are shown in table 1.

Sample Location Fe Pb Cr Cd Zn
Bitter Leaf PH-Aba Road 2.96 0.220 0.030 ND 0.890
Bitter leaf Akpajo-Eleme Road 3.43 0.405 0.052 ND 1.08
Bitter leaf Refinary-Akpajo Road |3.27 0.350 0.041 ND 1.12
Mean 3.22 0.325 0.042 ND 1.03
Bitter leaf Kina Gbara Street 2.21 0.156 0.024 ND 0.84

ND = not detected.

Table 1. Concentration (mg/kg) of heavy metal in bitter leaf

The results in table 1 show that the concentrations (mg/kg) of the heavy metals fall within
the following range: iron (Fe) is 2.21 to 3.43, lead (Pb) is 0.156 to 0.405, chromium (Cr) is
0.024 to 0.052, zinc (Zn) is 0.840 to 1.12, while Cadmium (Cd) was not detected in any of the
locations.

4
3,5
3
2,5 HFe
2 ®Pb
1,5 cr
x ECd
02 mZn
0
Port Akpajo- Refinary- Kinagbara
harcourt - Eleme Road Akpajo Street
Aba Road Road

Figure 1. Bar Chart for the concentration of heavy metals
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The order of concentration of each heavy metal in the bitter leaf harvested from all the
studied locations is: iron (Fe) in bitter leaf harvested along Akpajo - Eleme Junction Road
soil > Refinery - Akpajo Junction Road soil > Port Harcourt — Aba Road soil > Kina Gbara
Street soil (Bori); lead (Pb) in bitter leaf harvested along Akpajo Road soil — Eleme Junction
Road soil > Refinery — Akpajo Junction Road soil > Port Harcourt — Aba Road soil > Kina
Gbara street soil (Bori); chromium (Cr) in bitter leaf harvested along Akpajo-Eleme Junction
Road soil > Refinery — Akpajo Junction Road soil > Port Harcourt Aba Road soil > Kina
Gbara street(Bori).

Zinc (Zn) in Refinery — Akpajo Junction Road soil > Akpajo — Eleme Junction Road soil >
Port Harcourt — Aba Road soil > Kina Gbara street soil (Bori). The results further reveal that;
the high concentration of iron (Fe), lead (Pb), chromium (Cr) and Zinc (Zn) found in the
leaves of the bitter leaf may be due to the high levels of exhaust emission from the vehicles
plying these roads, (Edem et al., 2009).This view is further supported by the relative lower
concentrations of the heavy metals found in the control sample collected in Bori. The level of
concentration of Fe in the control sample in addition to the low concentration of toxic heavy
metals makes it suitable for human consumption (Ifon, 1977). The high concentration of iron
in bitter leaf might be attributed to the nature of the soil and sometimes by the presence of
some bacterial that depends on Fe?* for source of energy.

The results of the study indicate that the bitter leaf harvested along Akpajo — Eleme Junction
Road had the highest concentration of iron (Fe), lead (Pb) and chromium (Cr), compared to
the one from Bori (control), while Refinery-Akpajo Junction Road had the second highest
concentration of iron (Fe) lead (Pb) and chromium (Cr). The highest concentration of zinc
(Zn) was also recorded along this route.

The findings of this study agree with the results of Edem et al. (2009) on levels of heavy
metals in pumpkin leaves harvested in streets with heavy vehicular traffic in Cross River
State and the report on the investigation of the deposit of lead on the bark of trees planted in
areas of high traffic volume in Benin carried out by Ademoronti (1986).

The mean concentration of Pb (0.325) and Cr (0.041) in the sampled bitter leaf were above
the WHO tolerable limit of 0.005 — 0.1 and 0.005 — 0.01 respectively. The bioaccumulation of
these heavy metals has adverse health implications to man, especially in children and
pregnant women (Dupler, 2001).

The high concentration of Fe reported in this study is in conformity with that published by
Hart et al. (2005) on concentrations of trace metals (Pb, Fe, Cu and Zn) in crops harvested in
some oil prospecting locations in Rivers State. The likely reason given for this high value of
iron is the participation of green vegetables in the synthesis of ferrodoxin. However, the
mean concentration of Fe (3.22) falls within the acceptable range (1.0 — 4.0mg/100g) as
published by Platt (1980). The mean concentration of Zn (1.03) is also within the acceptable
limit. However, from WHO (1984) report, excessive intake of Fe and Zn is capable of causing
vomiting, dehydration, electrolytic imbalance and lack of muscular co-ordination.
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By using chi-square x?, i.e.,
The expected value,

Where VT = Vertical Total
HT = Horizontal Total
GT = Ground Total.

Sample ID Fe Pb Cr Zn Total

B. leaf (Ph Aba Road |2.96 (2.860) 0.220 (0.289) |0.030 (0.036) |0.890 (0.915) | 4.10

B” Akpajo Etc. 3.43 (3.465) 0.405 (0.350) |0.052 (0.044) |1.08 (0.582) |4.967

B” Refinery and 3.27 (3.335) 0.350 (0.337) |0.041 (0.042) |1.12 (1.067) |4.781

Akpajo Road

Total 9.66 0.975 0.123 3.09 13.848
,=0.350,

7

To find the chi-square,

= (0.0035 + 0.0004 + 0.0013 + 0.0165 + 0.0086 + 0.0005 + 0.001+ 0.0015 + 0.0000 + 0.0007 +
0.4261 +0.0026

X2=0.4601.

At 1% significant level i.e., 0.01

1-0.01=0.99

d.f=(n-1) (m-1) = (3-1) (4-1)
=(2)(3)=6

Degree of freedom =d.f=6

X20.99, 6 =0.872

Decision: since X? = 0.4601 is less than the critical value — 0.872, the null hypothesis (HO) is
accepted and the alternative hypothesis (HI); is rejected.

Therefore, there is significant difference between B leaf (Bori) control and X? = 0.4601 at 1%
significant level.
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5. Conclusion

This study has shown that the mean concentration of heavy metals in bitter leaf harvested
along heavy traffic route soil is significant compared with the one harvested away from
these routes. The observed common practice of cultivating vegetables in the soil along heavy
traffic routes in Port Harcourt will in the long run endanger consumers’ health since the
ingested heavy metals bioaccumulates in the human body. Consequently, there is a need for
all the relevant government and non- governmental agencies to bring this to the knowledge
of the general public.
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