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ABSTRACT

Yet a comprehensive analysis of how climate charmygd influence the dissemination of plant diseas®simpact
the primary production in most agricultural ecosysts is at the moment missing. There are hardlystugies on
the impacts of climate change on the disseminaifatiseases in field crops. Multifactor studies encealistic in
situ field situations ecosystems are a way forwaia doubt, the realistic assessment of,&@e air or air enriched
with increasing C@ and G concentrations always incorporating spectral refence measures on plant growth.
Ecologists are now addressing the role of planedse on the varied ecosystem processes and thierdmelof
scaling up from individual infection probabilities epidemics and broader impacts. Plant diseasescansidered
an important component of plant and environmengalth that might be arise through either infectiwith biotic
pathogens as well as abiotic factors. Biotic pldiseases are caused by organisms such as fungerimoviruses,
nematodes, phytoplasmas as well as with parasiemtic diseases, on the other hand, are for afidiassociated
with chemical and physical climatic factors, such tamperature or moisture extremes, farming facsush as
nutrient deficiencies, mineral toxicities and pdithen. At the genomic level, advances in technelwdor the high-
throughput analysis of gene expression have magesiible to begin discriminating responses toediffit biotic
and abiotic stressors and potential trade-offs @sponses. Most plant diseases models use defdmerdtic
variables and operate at a deferent spatial andperal scale than do the global climate ones. Theesu review
describes environmental factors that influence sgvef crop disease epidemics in order to assesspredicted
impacts of climate change on plant growth and theirvest as well as on the severity of diseaseeepick. Effects
of a changing climate on chemical and biologicahirols of plant diseases are also discussed incthext of the
changing global outlooks on environmental demandshfe future.
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INTRODUCTION

Plant Disease Epidemiology

Plant diseases are one of the most imperativer&athat have an undeviating adverse impact on gkipécultural
productivity and it is likely that climate changellWoster the frustrations of the contemporaryuation (Fig 1).
Plant diseases are predicted to cutback almost&Méarvests in cash crops worldwide [1]. Plant déss are core
component in relating plant growth and environmkméalth. Nearly all of the plant diseases arisenfeitherbiotic
pathogen®r abiotic stresses.

17
Scholar Research Library



Hussein F. Abouzienaet al Der Pharmacia Lettre, 2016, 8 (5):17-24

xR T M R
¥ VIll. Ghestnitt bight (1804)="
= " =
L Po. & o
T i P T e T Ca e = o e e A ey XM Cereal ustsand ——— 5~~~ S
- Spowdery mildew -
i 1
Sy~ Xiwheat' R
N r ; A N e
‘ i Wiogs " yellow nust_ e,
"W\ ‘\,l %
' 5 Y
e (I ————— G e
1 hj 0 \\
1 (5 b BSDE {1880) |
| " 15
: 4 |
- N . ‘
B T A —
: H | AN I
1 1 ) it e
| : § | i T + 1X. BSDB (1882)
4 ' 1 I i
| | ~ g I 1l.Coffe leaf | a : : | 1xesps
: ) L | + U rust (1670} | ( { !
h: : \I ! l\ ! | i f’
LS I |
****** B e - i s vy i I T e i~ el o
\ \ \ L 1 !
% % 4 ' ! ¢ 7 i
\ Y 1 \ L : ! i
5 W 1 | 4
e B, ¥ l\ 1 ! f ,J I¥. Wheat stern rust -
. B % L e . ' i /= pathotypes (1968)
“ ~ \ W =~ | ! I 4 - v
" N N 1 5 F e -
***** R T e e e T S T R T R R S ST R R R T S S S S S T T
. g . 7 ' : i ‘ % -
> 2 I~ I ] ; s il .
. - N ) ; ; . ¥ e
= Fi, R e LT 1 i gt - = o
" ) ! 5

Fig. 1: Examplesof invasions of plant pathogens[2]

TheBiotic plant diseases are caused by organisms such asbantgria, viruses, nematodes, phytoplasmas and/o
parasitic plants. On the other haad)jotic diseases are always associated with chemical aysigahfactors such as
temperature, moisture extremes, nutrient deficesjanineral toxicities and pollution as well (F2j.

Biotic Diseases

It is well known that Fungi cause molsiotic plant diseases. Most of the fungi are non-mofilementous
microorganism lacking chlorophyll and fulfill theiutrient need from dead or living organisms. O%60,000
species of fungi are known now and over 10,00thefrt are able cause diseases in plants. Bacteridneoother

hand,are single-celled organisms, most of which postessapacity to mineralize. Nearly 100 out of tmewn
1,600 species of bacteria can cause disease itsplan
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Fig. 2. Climate change and the disease triangle[3]
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Viruses are nucleoproteins that are parasiticamtptells and cause host cells to produce more yiauticles. These
viruses interfere with the host metabolism, causiisgase. About 2,000 different viruses have bdentified, and
about 500 of them cause disease in plants.

Nematodesare microscopic worm, several thousand of theseispédiave been identified, and several hundred of
them are able to attack plant roots. Root-feedpegies of nematodes often decrease the abilityaotpto take up
water and nutrients, while other nematodes protimehemical ingredients when injecting their salivt the host
plant. Removal of nutrients by nematodes typicdlscomes important only when the nematode populdtion
intensive. However, cuts caused by feeding nenestoduld also act as entry sites for other pattogen

Phytoplasmaare microorganisms without cell walls that liveinfiected plants and insect vectors causing over tha
200 plant diseases.

When considering the potential influence of climakb@nge on plant diseases, it is weighty to undedssome of
the epidemiological factors that influence hbistic plant diseases initiate, develop, and spreadeieigl, primary
inoculumsarethe initial ones that start any epidemic in eadpcr

Climatic Variations and Plant Disease

Literature provides more or less roughly backgroandhe potential impact of climatic variations gant diseases.
Much of the literature focuses on the diseasesgatuatural crops and includes discussion on tHtuémce of
temperature, precipitation, GOozone, ultraviolet light as well as insects ¢tenpdisease [4]. Potential effects of
climate change on agriculture, according to theGHg] include reduced yields in warmer regions assalt of heat
stress; damage to crops, soil erosion and inaldifitgultivate land due to heavy precipitation egeand land
degradation resulting from increasing drought. bithbly, the increased incidence of extreme weaghvents will
result in diminishing the significance of abiotitesses under prospect climate circumstances. mbertainty of
climate change might increase the production of ynamps in tropical countries, including many deyahg
countries, where these crops represent an imperddasis of the gross domestic product. Plant padjisik
constantly consider the environmental impacts imirttstudies. The classic disease triangle emphasize
interactions between plant hosts, pathogens anoamvent in causing disease [6]. Climate changess one of
the many behaviors that environment might movéélong term from disease-suppressive to diseasgucove or
vice versa [7]. Hence, plant diseases could be eged as indicators of climate change, althougtethee other
bio-indicators that are easier to monitor. Longmtedata sets on plant disease development undergicigan
environmental conditions are rare, but, when ab#lacould demonstrate the key magnitude of enviemtal
change for plant health [8]. For instances, analydi archive samples from the Rothamsted long-t€t850)
indicate that wheat production and fertilizer expent shows that historical records of S€missions are well
correlated with the ratio of two pathogenBhéeosphaeria nodorunand Mycosphaerella graminico)a[9].
Typically, the two most important environmental ttas in the development of plant disease epidenaies
temperature and moisture. In temperate regionst piast pathogens are not active in late rainfatiter and early
spring because of low temperatures. Some diseasgsrigileged by cool temperatures, while others favored
superior by moderate or hot conditions. Diseasenaficcurs when temperatures are more stressftiidéqulant than
for the pathogen. Moisture, in the form of free evatr high humidity is compulsory for many pathogiém infect,
reproduce, and spread, although some could cassasdi under dry conditions. Plant diseases regaingng
environmental conditions to develop; thus, it ilavito understand the environmental requirementsdif/idual
plant pathogens before predicting their resporsetirnate change that could indirectly affect cdigeases through
the adaptation strategies that it might inducejutliog altered crop rotations, different farmingagtices and
different grown crop types, e.g. changes betweettewiand spring types [10]. Recent work exhibiteat thanges
in the cropping practices through spring to autwsown crops might have serious impacts on diseasgsin case
of pasmo disease causedMycosphaerella linicolait became very severe during winter [11]. Thesferbnces
between winter and spring crops might occur becapsag crops escape exposure to most of the pyimaculum
(often released in autumn) or have fewer diseaskesyn their shorter growing season.

Changesin Crop Loss

Diseases are responsible for losses of at least df0gtobal food production, thus representing adahrto food

security [12]. The annual losses by disease amaa&tstd by US$ 220 billion [13]. Besides direct lessthe methods
for disease control, especially the chemical oces)d lead to serious environmental contaminatiesides the
chemicals residues invading food chain and theasacid economic tribulations. The close relatiopdietween the
environment and plant diseases suggests that elioieinge would cause modifications in the curregtqsanitary

scenario. The impacts could be positive, negativeeatral, since there might be a decrease, apaseror no effect
on the different pathosystems, in each region. dihalysis of the potential impacts of climate changeplant
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diseases is essential for the approval of adaptatieasures, as well as for the development oftaggisultivars,
new control methods or adapted techniques are tlygeeeded in order to avoid more serious losség [1

As under current climate, crop loss from diseasea changed climate condition would be determingd lharge
number of interacting factors that directly andiiadtly influence plant diseases. Among direct &fe altered
physiology and morphology of the host under ele¥&®, would change the interception of light and preeition
and modify canopy structure and disease epidemjolSgme diseases could cause more severe redimctmant
growth under twice ambient compared to ambient @Qeast in controlled environments. For examleharley
powdery mildew, an acclimation of photosynthesisekdvated C@ and an infection-induced reduction in net
photosynthesis caused larger reductions in plantilr at elevated C{J15]. To protect this crop from late blight,
fungicide application would need to be extended @20 days for each degree of warming. While tiyaificance
of such growth reductions on yield cannot be falgtermined in the absence of field studies, thesuits suggest
that predictions of bumper harvest due to,Ctrtilization and increased water use efficieribpt might be
unrealistic. Among indirect effects, ozone couldulein losses greater than those induced by satleogen, while
the effect of UV-B is inconsistent [16]. Howevencieased severity under climate change does natyallead to
increased losses [17].

A recent modeling approach had been used to deterthie potential impacts of climate change on thustm
important diseases of coffee, sugarcane, eucalyptissava, citrus, banana, pineapple, cashew, ehcoango and
papaya, employing detailed knowledge of environmewbnditions favourable for disease developmerd an
predicted climate change projected for the nexésdvdecades.

In coffee, the potential impacts of climate chamge the spatial distribution of the coffee nematodses of
Meloidogyne incognitaand leaf miner Lleucoptera coffeellain Brazil were determined using a geographic
information system [18]. The potential impacts ¢fnatic change on black Sigatok&ycosphaerelldfijiensis),
which is considered the most damaging and costlgadie of banana in the world [19], were measuried) UBCC
scenarios A2 and B2 to project distribution mapshe disease [20]. These maps projected a reduofidhe
favourable area to the disease in Brazil resulfingha reduction in relative humidity to levels b&l@0%. Such
reduction is expected to be gradual for the 202050s and 2080s and would be greater for scendtithan for
B2. Despite that these extensive areas would refagibrable to this disease, especially from NoventbeApril,
which is currently the most preferable period.

I mpacts on Disease Management Strategies

Climate change impacts on plant health are likelyb¢ ubiquitous, both in terms of direct and inclirenes.
Maintaining plant health across the planet, in tisra key requirement for climate change mitigatias well as the
conservation of biodiversity and provision of eciigyn services under global change as disease mmeage
strategies depend on climate conditions (Fig. 3).

Fungi and bacteria play crucial roles in the ectesysfunctions particularly in decomposing dead dhatal debris,
mineral nutrient cycling. In the last few years, rm@attention had been drawn towards direct clinchtenges on
these microorganisms when exposed to sunlight asan foliage surfaces or litter. Changes in sjgemnposition
and biodiversity of these microorganisms in respaiesclimate changes had been documented and nighgse
changes appeared to be related to how well spangkstrains of fungi and bacteria tolerate [22].

Beneficial fungi that infect plant roots and assistabsorption of nutrients, known as mycorrhizakthough not
exposed to solar radiation, might be indirectlyeaféd by UV-Exposure of the host plant shoots [B2lcteria and
fungi could also be pathogenic for both plants aniinals, although beneficial microorganisms andtpt@athogens
had received more attention than animal pathogéthsraspect to climate changes [24].
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Fig. 3: Climate change, soil microbes and plant health [21]

Plant growth, disease incidence, productivity cdaddincreased or reduced by several environmeatabiis. Fig 4
shows that increasing disease severity primarilyolve modifications in the host plant tissues, whilecreased
severity appears due either to host plant changdsexrt damage to the pathogen [24].

Pathogens of insects and other animals might adsmfluenced by climate changes. Studies involbigogical
control of insect pests using pathogens provideesomdications of how change in climatic factorseliWV rays,
green house gas emission, water supply etc. gitebbgens. In general, there remains much uncgrtabout how
soil organisms directly respond to warming. Fotanse, it is unclear whether increases in microadivity and
carbon cycling in response to warming would beanst due to short-term depletion of fast-cycling sarbon
pools, or whether soil communities would adapt teaamer world [25].

Climate change would cause alterations in diseasgrgphical and temporal distributions and consatiyi¢he

control methods would have to be adapted to thig meality. There are few discussions on how chehtoatrol

could be affected by climate changes in temperatnteprecipitation that might alter fungicide resddynamics in
the foliage, and the degradation of products calgdd be modified (Fig. 5).
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Alterations in plant morphology or physiology, résg from growth in a C@enriched atmosphere or from
different temperature and precipitation conditiorsyld affect the penetration, translocation andlenof action of

systemic fungicides. Besides changes in plant grewtld alter the period of higher susceptibiliypathogens that
could determine a new fungicide application calerigé, 27].

Because of the little available information aboo¢ impacts of climate changes on tropical and ptaort crop
diseases, pests and weeds, it is difficult to ptetie effects on integrated pest management.

Biopesticides

E’lant Pathogen Plant

I Plant strenghteners
AH?IbmSIE Phytostimulators
hysis Biofertilizers
Composition ’

Plant assosiated
MCTroorganisins

(= J|

Fig. 5: Plant Pathogensinteractions
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Certainly, quarantine measures to control emergiaitpogens, for example, would be very importanbrider to
prevent the spread of the pathogens into new abeasuse of the alterations in disease geograpdmchtemporal
distribution resulting from climate changes. Changetemperature and precipitation could alter foidg residue
dynamics infoliage, and product degradation cohigtbe modified [28]. One of the direct consequsmdeclimate
changes in the pathogen-host relationship is theetge resistance of plants to diseases. Many clsaimg@lant
physiology could alter the resistance mechanisnmsuttivars obtained by both traditional and genetigineering
methods. Several studies provide evidences of thiéstions, such as significant increases ingdyithetic rates,
papillae production, silicon accumulation, highartmhydrate accumulation in leaves, more wax conéelditional
epidermal cell layers, increased fiber contentucgidn in nutrient concentration and alteratiorthie production of
resistance-related enzymes [29]. One study wasumed to verify the effects of increased Lfncentration on
disease control using resistant cultivars [30]. Bla¢hors reported th&@upressussem pervirena cypress clone
resistant to canker caused ®giridium cardinale maintained the genetic resistance when cultivated high
CO, content environment. Larger number of studies iggrthe effects of temperature and other climatéables
are reported [31], several of these studies proeiddence of these alterations [32]. Exposure to-@®iched
atmospheres changed inducible defense responsegbean plants against pathogens [33]. Such chaugesred
in individual metabolites and were dependent ofivar resistance patterns. On the other hand, thexea larger
number of studies regarding the effects of tempeeand other climate variables. Models of the aEknovement
of invasive pathogens to a new area are typicadlged on climatic variables such as temperaturafathi and
humidity [34]. Such risk models are of great ecoiwimportance when they bear on what trade regiristmight
be applied against regions where a pathogen sudtlilesa indica, causal agent of Karnal bunt, is present. For
many invasive pathogens, models of climatic coad&iand requirements need to be supplement bymafown
about the availability of susceptible hosts andiktbéhood of transport of pathogens by tradeandeothuman
networks [35]. Durable resistance was defined tasi® as that remains effective during its prolongad
widespread use in an environment favorable to theade [36]. If resistance is “inherently” durakiteen climate
change might have no influence on its continuettatly. But “realized durability” would vary dependi on the
extent to which the conditions defined by [36] ablle avoided through deployment decisions. Proldrayed
widespread exposure of the pathogen populatioro$d With a resistance gene is more likely and nogrtant if
pathogen overwintering increases along with the emof pathogen generations possible. There is silmo
information on the impact of climate changes ordgizal control of plant disease [18].

Evidently, research on the likely patterns of cleiy plant disease attributable to predicted clamettanges is
important. Advances throughout the entire field pafthology would be helpful, but analyzing the qicest
specifically posed by climate changes points toesgnriously neglected areas. Advices to growerspatidicians
regulating markets in land food and commoditiessthamphasis the need for systems to beresilienadagtive to
the unexpected events. Finally, global climate geanwould affect plant disease in concert with otjlebal
changes phenomena. The potential effects of inttimhs of new species were discussed in termswfhuests that
might boost pathogen inoculum levels, new vecttiagt tmight alter epidemic dynamics, and new pathsgen
themselves. Most importantly, research on climdtenges and plant health needs to reflect affecaibty of
levels and the many viewpoints involved and toolailable, from the molecular to the landscape scasing
network theory, meta- and risk analysis, in collation with various stakeholders, publics and dtsés from
varied disciplines.
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