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ABSTRACT
Assessing the Emerging Enwirriogn meantteadl OCogracne rcn sP

Cropping Systems

Mengfan Cai , Ph. D.

ConcoUniiwmer sity, 2023
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CHAPTERNIRODUCTI ON

1.Rrobl em statement

As per t
agricul't
percent

designat
l i vedthec
resul tin
resource

resour ce

resi dues
removal s
phot osyn

bi oenerg

he Food and Agriculture Organizati on
ural | and area is estimated to be ar ol
of the Ea(rRANOSST ATToRoal@h0-wh dorndeuof ad¢ éi s

ed for cropl-tamidr dsvhséreve hasrmenad ows ga i
kwor |l d'"s burgeoning population has mol
g i n an addcrreeqaRdSdgeTnamzd® ef Ogirr efsss ur e on

s has similarly intensified, necessit

AbDNSeesmeamnmnhadbhe Devel opment Goals (SD

(7]

uel s to sustainable and renewabl e ene

reduction. Agriculture playguassiegni

>

rough practices(SGQclhhrap sesli doar mana
e energy «eaimreroant isoefqAI@&g frieacts lotthwr alhe pr
g and stosfi nfg oemarten adimoxsipherE@C® hr ouc
S . Bi oenergy with carbon capture and
apt (ClCHE anlinclt ogiagge with the use of bic
, and bioenergy crops for energy prod:u
from the at mosphere and resul ts I n
thesis process of t(hGaubia@mad gGalnseerda Ifloy

y product i onc apprtiumaer ia nyd dseopleanrd se noenr gG/O s
1



foll owed by <car borne ssitdomneasy evsoaniilod it i t. erdAfgali lcqu,l 2 0 6

practices, such as crop resi dueSCRa nFaogre neexnamp | ¢
retaining crop residues (e.g., stal ks, stubbl
them all ows for the slow release of carbon ba

corn stal ks, canibdegtadabéed mal phedu¢8Mb) wh
soi l structoaaebamdseqee etaBgt i oncrepatsemigi @lar bon
vegetation, and agricultural bwarnmmaasmsd) caognrtirci ublu
to carbon neuttrheemi 5 wighr rsenfhfeste®disgmg m ot her sec
However, agricultural heal th and shaftoet gi anéefl
organic pollutantaclodcngppiogesystembatile o

anki odegradabl e microplastics (BMPs)

BVOCs, as a proportion of carbon | oss that s
such as photosynthesi s, respiration, and biom
of bi oenerwar mimnitcilgdftaivoer o eB e xilGHeGss 2t0lRkebg e v ol af
should be considered in climate recedcCeofregue
et al .Me@dbdd PHCHOBHi s typi caltlmoystt hpdh edhehddruce or g
compound @VYO®OE@)Y smmet hHhand heCH emote troposphere.
|l ifetime compaMe®Hases anmnhempdOC€Cant I mpact on a
and clima€Caratnanget al . ,. 2B0d&eddimzadifan ,f 20m 7
i's a primary ¥¢deOHaeccounanmB®ehomanadO Wt gener al
emi ssions of all other VOCs except terpenoids

(Harl ey et al ., 20HOweNeirkesmost @alrevid082stud
2



the individual contribution of plants or soil
effects of anthropogenic activities momel s aigl

ecosyBsM@®0On emi ssi ons. Furthermore, pr eMa @HIs est
emi ssions from forests and grasses. Croplands
and, although they are negligible isMdM@p®ldne en
(Custer and. STcoh addaet,e ,2 OtOh7o)ugh, no BBe@EpPpanoi BOi s
the different devel opment al stages has been

Me OBEmi ssion to enchBapess at hi, s 298dé6pe Guent her e

al .,.ua0éedstanding their emiSBGbXhswiktiowHhH di hetlp ft
action to combat <c¢limate change and its i mpac
BMPs, as owoeigfnahedbbobganic pollutants, have

ACS and BECCS systems. The application of B N
production and carbon sequest rhat iformgpnetnd ratt ii aln.
caused by abiotic and biotic processes wil/

environment, (a&md ettmoasipher2e017; .BNR®SbcaWabe ¢
carbon addition to lagrcihdoebgran o @ ik tod dsnslosr,g ewdhiicc h

ma t {DeQ NI such as aromaf(iFenfguet.t iaB My edrdad®spgs on
affinity to soil poll utants, suBMPmay ohgaai a
greater negat iBWMP si mma ccte rti{hea nm neabmAd it thioaw®yh2 T h er e
scarce studies on the ecotoxicity of BMPs on

to crops, ani mal st haendrramwmdres odn BiMPesr ivin@ t he

agroecos WNottanmlfy ectM®Ps ofonBsoil mi crobi ol ogi cal
3



properties are controll ed (bWanpgoleytmdah e t,\eth2edr2esai):
is necessary to explore the degradation and f

future studies

1. Research objectives

Bi-ori gi nated organic pollutants, such as BVO

concerns in cropping systems. Conducting an

exploring théragogreadati om a&hmd BMs are prerequi
of BVOC emi ssions and BMP generation on envi:
expected to be addressed:

T Scientometric analysis of BWVWIOCiss esntiudye darfaloy
overall structure and characterizations of
BVOC emissions using scientometeatuapal gadse
trends in existing research, identify consei
directions. The i nsights gai ned from thes
comprehensive review o0ofVOGse a&md stshe®ins aonmt rdi
poll utants and GHGs, aiding in the achievem
for hduionmanmated terrestrial ecosystems.

T Assessment MeOHmi bgedi tTlmims cstopdy seeks to f

model i ng, f dMre Otelhme sfsii romts tfirmen, spring wheat I
stages. Mor eover, it seeks t Me@rlonv isdeée oaars G pa
spring wheat or ot her crops wusing | imited



relationsMep&Embsesweaeans and major influencing
can be utilized to enhance the adaptation at
T Characterization and quanti fiiclTahtiiso asitousd yt o e
examine the effects of weat hering on BMs
irradiation. |t seeks to investigate the p
particle distandupbhbeaeatsi of, mamcd ot het BB mb € al

| eachalt eased iwatter t lee Vidh®eo hfmemdi.ngs can coni

management of environment al ri sks and ai d i
foll owing the use of mulching in cropping s\
1. Bhesis outline

This disseritmhaphec®sntains s

T Chapter 1 is a gener al introduction providi
di ssertation

T Chapter 2 is a comprehensive I|literature revi
the | atest developments of BVOCs and BMPs,
i nclendiessso wndBeVOCs esti mati on met hods of BVOC
in the response of BVOC emissions toOMPNTfl ue
and mlampoNPo | | uti on from mulching films appl:i
T Chapter 3 conducts az2,std@d&unrtncanetpd e rasn arl g/lsat
emi ssionWelbb rofm $dieence Corbe tCGwelelne clt9i90ln a(nWo S2C
CiteSpace? and @Gaghoéti ghts three main knowl ed

emi ssions, namely BVOC emissions and driver
5



bi osmahenmmes phere exchanges-miamdbzoiilntRBV@ECS i iom s
it suggests that incorporating BVOC emi ssi
bi omass, and energy into enmakbdbngeamiavs man a
a future direction.

Chapter dnepgmicepoveas mbpdel to assess tMeeOH e mpo
emi ssions of spring wheat during the growing
growth | engt h, air temperatur e, solar radi a
infl udeOidrnnmy ssi ons. Additionally, IMe Omlent i o
emi ssions 1is positively caobroal anoed X wicktaha (@)
particul ate madHregse (FPrM)P My | abtuet nmaetgtaetri vl y
ni tr oge(NQpa nabz io@g (

Chapter 5 demonstrates the physicochemical
derived |l eachate through particle size ana
di fferences between paper mul ch ared stkeidop Ind ot
t he water environment and the size of plastd.i
spati al di stributions of met al el ements an

indicating (tUngadiudttircan i pritemon ecf tdreommatsioec pco

heavy metals from soils onto BMPs.
Chapter 6 summari zes the overall concl usi ol
highlights t he mai n contributionger oavniddesi

recommendations for future research directi



CHAPTERIZERATURE REVI EW

2. Hmi ssi on sources of BVOCs

2. lIExlt.ensi on of the definition of BVOCs

BVOCs can be classified into plant BVOCs (PBYV
their producer s, . e., l i ving organisms in te
mi croPBYDCsdonmpirneant |y i soprene (C1¥13),, amanot
sesquiterpetherasrged@pabt@ced as a defence mecha
and thermal stresses or as -gar ccundnupli agattosiu ootk nbee
mi crobi al ( loargeatnd samsd Scheit al e$ B V2AASD,) ; meMearkw h |
primarily MIesnaingdt ibng@gefni ¢ oxy.genatsed oMOds pf BO
emit BVOCs through vmirdcdrodbBc alop od$iptr otdisls e@mgl an ic
mat SOM] siBWrO€Ckd evaporation from | ittser fwall ars
ot her physicochemical processes, tahnrdo utghhe yd rcyo ue
wedeposoirtibamtic afdMaabi eti al upt @K &Ndot aPbelnyu, e | saocsi
are the principal habitat of the soil mi cr obe
nemat odesmi arhda@C@@NMOECs ), and they al sohedaitmg n

vegetation ahdtl emi fgRBY®CS.alAs, s2u0clh9,a SBVOCs

negligible source of BVOC emissions from terr
The schematic diagram of the interactions of
ecosystemsFi gRlsthoewsne iB(WVOCs partici pate i n man

the precurs@sectomd@®y organic aer os ole q&EWsAg |,

of their high ré&atrievi .y 21DA,, ei@i0dRhownilsd be not
7



| arge pr oppoarttiiocnu |OPUME iamaed t as signi ficant effe

climat € RohanA er0ols30 | particles, as an i mportant

have a direct effect on global warming but al
|l omgrm i mpact on the gl obal (cQaimaette aand, e2n0Ovli9rb
201Bherefore, in recent decades, many efforts

and their contributidmCaltfaptitceg@@l&xi Rde.ndezpe
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2. 1Bi2zogden®©&Emi ssion from plants

Bi ogeOHs generally produced in plant cell s t
wal | | oosening during cel/l expansi on, tetrah
met hyl est eFriags2®) e( RdERplr o duced i n plant cell s ca
tissuebandtcanzed in plant <cel |lsévtahprotroagielsma n )
at mosphere through stomata or i's oxidized by

(HCHO) and, uMeOkHmitsediygn Cay be affected by e

Il i ght i ntensity and air temperatur e) and veg
devel o Men®Hhdto,o | si ze, and methyl otrophs). Stre
concentration, frost, i nj ur ys e(nee sgc.e n cecey t td enhgy, d

plant | eaves, and biMaen@Bmi dyiBannmgercaat adlso, c2Al
and Kirstilnte, h@29 0®R8en reported that young | eav
|l eaves, and, si-mttacked teavebemabievhohigher emi
(Fall and Benson, 1996nd®r s uahMesOiapti bsiasdi goenn 20D Q-
help better achieve the UN SDG 13 which is to

i tnsp aict 0.
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\1 =
1C(THF) \E\‘fv,\\w @ protein ( -
At | s \ ( demethylation -
_._ﬁ_‘:_-_-:::_d‘ N (r AW =R ™
*MeOH ( AY }
histone
demethylation
\ ‘/ methylated
DNA & RNA n i )
@ dorethviation " carboxylgroup
—a -
5]
DNA = o
Q.

——

Fi g22 e Sources ®EOeindopyamoour soeklhlosvy . & €o reda.r;b on0 1 8)
Ccytopl:asml etNsel ICWvAbimpg&#llGactmetomyaln; gMeup; PME

pectin methytestaehpdeef ollTadfFe.

2. IMV3QCs i-mi pt @almé¢ communi cations

Sever al reviews have introduced information a
pat hways, and biological functions of MVOCs,
fungal (Kpaeamees and AbAslcamdi 8g12p the databas
mi croorgani smsefdanmeddes erti @@ mlyd Zlox)phere and s

produce approxi mately 800 MVOCs with distinct

rol e i Amincircorboeb ea-p d a mticctrinobnesr abe MG @Cgroomidd al t e
physiol ogy, gr owt h, and defence mechani sms o0
abscisic acid (ABA) and cytokinin (CK), but |

speci fime diV®OtCe d i(Atmerza otyi ocents TaH e s e-t2pdiladmo b s i gn a

11



compounds <can promote biomass producti on, su

mi t i g @Atnitaamr et al ., 2021; Singh et al., 2021)

2. Rsti mati onBY1®E€ hewmiss if on s

2. 2Melasurements of BVOC emi ssions

Spatieaporal trends of emissions a(n@ait heeti. rald.r,i \
BVOC emission trends have been described in d
from diurnal to phenol ogical, seasonal , and

individual, regional, nat i olnaarlg e (asnagla lgelsodas 9 na
annual ti me scal es, or regional, national, an

form of ssiudutlsa;t iocobns eerevati on results were a bet
and phenol ogi cal time scales or | eaf and i ndi
associ antoedde emtintghhese scal es. When there were f
cases of BOVOCs-saalde SMsssilam gerends were t°

measur ements.

Since the 1990s, observations and simulations
increasing attention. I n terms of BVOC sampl.
techniques mainly i nclpuad#adaeastakads wrne nsayssst esnp e(
PTMMY, relaxed eddy accumul ation (REA), mi x e d

gradient (SLG), ranging dIntephankbicapesb (400m
resolution ofdee@evwl asdecWardrseke, .2AMONgGU dretst

a chamber controlling I ight and | eaf temper at
12



measure BVOC emissions of individual -tleeranves ¢
environmental controllers, such a&aSthudht ante By
1998)REA was a wuniversal approach i n micr ome
commonly uskdcab BWOErfkeuxes from vegetation
(e.Nprway,spraage orchard, beech) tas swWelrlt ag o
measure their response td@d@Aregsomral amet e 2r0dl3qg ¢
199PTMS was one of the wuseful t e chhonti g ufeise Ifdo r a
| aborBavtGCr ye mi ssions with high sensitivity and
operating conditions, -M$ dhawvep rloeveermedhda s owoirlke do fi
(de Gouw and .Wakleaklee mermtapy oms ¢ ramsdfelki gbact
( PFTTROFAnchsgchromatograph in conjunctiFdm)wi tats f
another measur ement met hod, can i mprove the &
apportiasenmethie @a$ me r esolfutcidd@uooefn of leutx aglu.a,nt2 o
et al. , TROMé@)we rads taanbd er iccahr bon i sotope ratios
a usefulevneltdhatdertse® met abol i ¢ p at(hHwaabyesr sut rrdoehr eft

2019)

2. 2S5i2mul ati ons of BVOC emi ssions

Apart from revealing BVOC emission trends, 0
i mprove model s. Model of Emissionswad& Wiadelsy ar
known d@ttmordel to estimate BVOC emissions fr
gl obal and regional scales. This model was ba:
parameGeerst her .etl talwas 200 0@m®henomenol ogi cal mo

13



emi s s

ion factofJenviorommentsaglecd ersd ¢ n ipFd bg uft &t 8o

23) . Most studies on modeal gompr ohmmeandhianmpuf o

scal e
as te
et al
al ., ,
et al

ME GAN

s and( Gpat & aé¢.t sBedaslieds€290 1K3gy f act ors affect
mperature and | ight, additiona(Gdenwvhag
0y 5,1 9eTe SQubBs)equently consi dgrGac nitretrhe
281 2g0pdate of previous versiongéGeanhhas
and2MEBGAN 2.02 for NBSa&kmd ySQodonewl)ssapas

estimated the gl oball, BWD@Gp dd ek dfo- ibeopr,

boci mbmiendpé nene, et hene, propene, l i monene,

Me Ol 30% combined), MTs (15%), SQTs ( 3 %) , and

round

ing out the remaining 3%. It was found t

and ddeeghiuous forests) cover ed arbtoruitb ult8e2d orfe ¢

hal f

s ame

stres
al . .
Retro
emi s s
aceto
signi
effor
a niofdi

types

of gl obal BVOC redni stsh eorn sf, o rsehgtus swe rcea ofpsy
area as tropical forestlands but contrib
s was found to decreabMegl beobat aemi sskP060F
2Pbdd) Exampl ar ov ad eeptl oyledd (MEWGIAN) co-Epaed wi
spective Analysis for Research and Appli
ions t olimec | u6dd nTgg i G oyprr ene (7 OMB)OHG6MA)sS, (11
ne (3%), and other VOCs (7.5%). Leaf tr e
ficantly with canopy height, so the phy:c
ts to I mpro(veRi reapmm sga .ol md lglojr s 2 hanms) e x t ME
ed canopy environment al model , stress re

, and more thdqniah@ BYOG@QlcomR®OWUMBJ s
14



Fr olmd D210 2 0, the emission models have develope
individual |l eaves to a gl obal BVOC emission n

emi ssions by coupling cli mat(eROMsd ealnsd, ce.ng.p,y rm

e. g., Mo del of HYdrocar WOHYEANBauwersas bgt t he.
Apart from field measurements, Remote Sensing
can provide | and wuse, f or essti taireesa,, elteca.f Tahreesae
data of RS i mages have beetnempplaéedresoksti mi
emi ssi ons, including source distributions anc

Simul ations of BVOC emissiodswnamodébks, be. e€eo
studi esHOHB®Idumms obsewusedgfaomogpaeemonitorin
(Bauwens eHCHO. obgéddations offered useful [
emi ssi onshaevihiesmt ray and transport mod el {CTM)

dependent HCHO yield fromtBAYOCandlacnfilpmeenespr

(Choi et al ., 2019; Pal mer et al ., 2007)
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Emission=[z][y][p]
Models 1 2 -
Input SRR B 0 11171113 E
. i v
Coupling Response | g /
’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’’ . . Z (/
=~ T A Y .' .77 Leaf temperature i
% Solar radiation, < > Climate model s
@ temperature, relative
" 8 humidity, wind speed, L S Yo
O o o - ~ £
s light intensity, ete. — > Leafagemodel > vp |
| 8 g
............... g
) e’y
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 moisture, nutrition, : =
: > GUESS, forest el » .
ete. : g Ysm
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. . Y RS NN, v
: Biotic: insect > gl
- herbivory and fungal > ygm zl/
: hogen . ‘
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> £ Abiotic: UV radiation, . ¥
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flooding, fire, and - > g g S
; . . i models > N
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: = Tnsect Wounding Fungus
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Figax eA schematic of the main structure and c¢
LPGUESISURPdot sHleama Gener al Eclbsy s heBY®SEmdhator
emi sgiiona factor expl ai niBWO®@ti hehimr qod i e nam

noeti mensi onal emi ssion activity factor accouni
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(o), t empertusei (xsynpi sanopy (cenyvilreogmeddd (i ti on

and fer tcbd,i zaantd oinnduced stresses SWEMesaS | Nsec

The surface soil i's al soscaal i ghM 3G ceamit s scioonnt sr
synt hesis and release of BVOCs from shedding \

decomposition (ocCfail iettt eaDeaga@iOB@Mand dried vege

sour cieCGGBOV@Cs. Thus, |l itter BVOC emissions ar e
temperature, moisture content, and | abile car

t he MEGAN | andmdéfecaemhesi efifhab. si jipD6) model

the expression:

o -3 3 9 (2.1)

r QPO bPa ba (2.2)
QR Y Y (2.3

' Qo @OY Y (2.4)

wheries the emissi oat c s psaurdfaaypcdents eBT® @3r0e) (and s o
moi s Lomr=e 6(%) , which are determined empixically
i s ethhessi on aactv aii $t @dbdfre¥otncsr t he moi sturanadont er
Ti s stohd tsempgercat ure. Avail able carbon decr ease
could be also esti mataddnahiatvle dreem yiedled mi Qeerds t

for each BVOC in t(her gambareqmtete xgple.r,i mehlt X)

17



2. 2EmMi.ssion drivers and model devel opment
Empirical al gorithms i mavehemeoare nwi dgi galadmpt

relationships bet ween environmd@mmalt hva&nti aabll.e,:

General ly, BVOC emi ssions were affected by t
availability #$0 enwectr iThet snag@d@cedeemi ssioass wa
by stress tolerance, timing, duration, and st
moreover, were someti men ea ddHrotdisovgea i onre nh aadn dp rG ec

2010; Ni i nenmfetrsecae@ntll Pngeitsa quanti fyitmrgmttimeaitlyg
days) climat-ecahanB€¥O0Cnemieasi ons found i sopre
drought (T 15%) 1 28%ewdtaddo) OBut sti mulated by
However, these c¢climate drivers were found to
el evatleidmiOt ed to evergreens with storfdgandr gal
war mi hg9%leng et.Saqluire26APa) ecf{edld)future sce
2095) in a simulation study with a 55% reduct
2000 with individual contri bwtsieord afnrgem (4 17i3Ma

cropland exc@ansi on})iand (71757 %) .

There were significant uncertainties in pred
especially when wusi ngf amutlotri prl @ leatsi obnassheiedp s nd esri
experiments to illustrate téetalyne®gicabiescecét
2009)t is not necessarily r eltiearbnh ep rteodtiUcstei oennsp

key to establ irehimodgdled esaliissttioc cgquadnt i fy the st

constituti sve oBYS@W eemi sreviews summarized key
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stressing the importamdercftannceoamgp oifatlielmg pBrvo

BVOC emmedeéeloMnget h et al ., 20RArqchddssserdi smomn e s
the potenti al to capture the influence of en
structure and metabolic processes, such as p
processes in the chdesompillhett havepreo pu otpiosre da n ¢

( eaqet,one, aegdexal dehey@hH ,an@ aceand vacliadtil e i

(e. g., (iHsaorprriesncen) et Cambi ni2glvdikatea f-pvimmhdte | o d e |
physiologically would be an encouraging direc
photosynthesi s, i ncluding phot osynthetic el e
compounds, can be inits®idorc(ecArorieantit® evte gaelt.a, t i200n0 7

It was promising to consider the possible fe
conditions of pl ant s, e. g. ., the mitigation of

i sopréoimathed Ni i nemeHowev®©08)thbhased memodaehisrha

' imitation of | acking validation data. It is i
critically examine past studies for developin
pl amtci®g and chemical species.

2. 2Gadp.s i n empirical model s and future direct.i
Overall, empirical model s (e.gi ngMBEADK),ema se i
particularly volatile iIisoprenoids. Successive
par ameters andbacsoeudp Imondge | psr,o cheasvse been applied
minimize uncertainties. Ho wesv earn,d pilsaonptrse naen,d bsu

BOVOCs, mainly i1including alcohol s, aldehydes,
19



di fferent. There have been many studies on mo
and emission mecSBaVmOCs ni | aufx e@V G@Gsv.e n oo dked @ mgc o
gl obal BVOC emi ssi ons Tfhreo ns otuerrcree satnrdi agl u ael ci ot syy sc
(including the vegelodt iamn umalweer ytiynme ,s ulrAla,c egn
t hmeccuracy and rationality of spatial emission

RS i mages for nmW@Ccioadids sliaorngel y reduce the u

emi ssions caused by I and cover data. Further m
in their consideration of natural factors, r al
pr oc e sesceoss yisrn e ms e. g., | andscape planning, t
|l nterestingly, forest wildfires may significa
plants and soil s, thereby influegnpas ngellheasamt

composition and evolution of vegef(f @ité¢ oinolainde ts
201B)ol ogi cal stress and mechanical damage ca
emit al mosti{ Ammyedica@aWwgyv e r2,addindi) edrf ifrleuxes and i
emi ssions have nomobdebhngbobadldeB¥®Ci ast hmat es
bi ospher e, shown Fiing BB . eedA dddoi tttieodn abl d xye s tihrer e ar ¢
|l omgrm emodeldbmegto a -ttearchk BYOQC omegasur ement s a3
response to environment al changes. Future obs
l ong term fields might contribute to reveal.
mul eigdi vers andmddatdigreB\@® se mins $ihens, especi a
highti tudFeatplrantastenti on shoul dt dbemgmea&siut emea
of SBVOC emissions, including root and Ilitter

to diverse environment al factMomrsoivrerpriimany <
20



determine how one or multiple environment al (
chemical species of BVOCs from various biolog
bi ol ogy. Therefore, the i mprovdmkentbaeéetdaoroME
regarding the above problfedret aoal de baemalcyastioshi |
mu Htaict or regression, or scenario analysis bas
of fer a better understanding of t hieesseMared au a ro,r
more observation of the production and emiss
perspective of plant physiology at the cell I

emi ssion model s.

2.8ncertainties BBWOIChe mi esespomse tof i nfl uencing
2. 3Bilol ogi cal drivers of PBVOC emissions

The production and emission of PBVOCs <can be
consequences of stresses in Feghdh eofSevterad s regn

in this area have noted that the emission rat

stresses (e.g., ecol ogi cal successi on, tree
st omat al conduct agcoemcenntariceh] ulearc. CO envir
temperature, relative humidity, soahdnQdtrd.t) i
and di sturbances related to ani mal activity
deforestation, herbivore -astackhaf{domswhiciezata
1994, Ni i nemet s, 2010.; Pefuel as and Staudt, 2
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» A. Substrate pool sizes and enzyme Kinetics
N o enzyme kinetics
o photo-oxidative substrate pool sizes

1, A :
] carboxylation rates

\ heat shock photosynthetic electron transport
. \\\ Tm (elevated carbon dioxide)
R . insect attack B. Transcriptional control elements
= > @ \\\ * | light regulatory elements
B g ' circadian clements
light ~ clock b . heat shock elements
o Y
A By - R # | insect/fungal elicitors
e Constitutive emission -—> ' R . Ontager
m‘.}:ﬁ:mmf B " 3 ;ignjﬁcalnt pgthway trade-offs
FEREE —-yinutes o Months | influencing, i.e, seasonal
o — - variability
—— -
Stress gradient Response time
Fi g4 e Conceptual diagram of constitutive and
species and biochemipoals ef(atbatmoersss adnte. €nu latli. , 20 1
There is a fundament alt edinf fbeiroelnocgei chaet waenedn etnhve
(e.g., herbivore attacks, mecdcmee rnctarlatdiaomm,g eh un
extreme weather events) of i nst armteame obuiso |l PRV C
drivers (e.g., species compdsNiitiinkeme t soQelt fadr.t,
shdretrm scal es, herbivore attacks and mechani
Genereaclodsyystem BVWCI|Ilempesiodscally increase b

associated wi (R namlainmaetl.en ficehsatnegke0 L1 B ees emi t nev
composition and quantities are r el &tteadidtto atnhde
Lhoutel lfieceund 2t00@u)e n ond & <xitl leehxs eld. new PBVOCs (pr
homoterpene and an MT alcohol ), Aac o wrtt iadng f(a

found that infestedfepductecteass indubedtatal
2 2



these emissi onar &pien @ mdpd daabrye .3 Si mi |l arly, othe
t hat mechani cal damege,t,aswohl asncmuedsaeagi nndt a

emi ssmainkdcy mMpounds) angdgdo®@®Hbwi t h these emission

pl ant oili nemihepicamstes Wi th stored oils) and | e
the case ofKiomhetr @llantz3011; Rinnan et al ., 2
At Henmrgn scal es, soi l fertility, such as nitr

factor affecting PBVOC emissions due to the ¢
bi omass. I n general, hi ghearr ei ssapgrmaun eateardd biys chp
concentrations and | ower @gBdamltdhr ed @odoncerRtO0A1
200Q99wever, MT and monoterpenoid emissions ar e
the risingdirmietrr «aqars efseratni i ncrease i n photosyn
decr easse riunc thnuornal car bohyRmrydrets dtoralMT, syn8d e sl
Addi ti ontadrim, PBW@E@ emi ssi ons are-uafef editaedyelsy (
tropical def orestation, European afforestat.i
alteration (i.e., forest wshofwnr é®) sifgmopii caln
i soprene emissionMdQldRBDIn abg PRAGr easegl obal S
afforestation, meanwhile, has been found to h
but to have had |little efdekcitemcea gt oblal, PBYOE&
2016GYyo0 et showedOtBat PBVACQC teinti usdsea osnusb tirno dioona |
could be reducemrdi tbtyi ipd atnteenyy ilmowur ban areas a
br claesda v e d forests i n rur af@r oawri emags . e vealvw eereqniso

her mapd) ttuom deci duBesubkar)abdmefaanwhxi,l e, may i nc|
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of PBVOCs such as -isopremei ddVeafiebbes Arlononet cal
Zhahgrpeinen kRavealnotféed220lkrat PBVOC emi ssions v
to forest wildfires in boreal areas resulting
to recover from the forest floor withdaasiamhgput
i soprene emission | ar gel-uws e ecshud ntgse sf,r osmu can t ahsr ot
forests it rcurogll aanrdesas pastures and urban ar ea
decrease due to changes (iHhamtagsamr adt velg.e,t a2 0 loh;

Wi edi nmyer .et al ., 2006)

2. 3T.e2np e rdartiwreen PBVOC emi ssions under extreme ¢
From the environment al perspecti ve, climate ¢
el evatexO @@drradi atiildon alter PBVOC emissions d
timing of environmental factors(Pasuwéhbk asdtE
20189)ored volatiles (MTs, &Me®OHabddhgtdbkRangl peart
when <cellul ar membr anes or cel | wall s of t h
temperatur(eGui @45 otfACi. Siemi ladr.l,y, 2 0plh9%)mu s ,suk bara
Lavandul a £&ndé¢coabhaVvéi deen found to emit | arge
thymbenchonkexkond a3 el evated temperatures in
(Courty etThis, maglbecampei but amp ewmib ey trehid ar

funcftaronsubstrat es a ntdo éethezbyertevee e s uicsho parsene and
the Methydpodongphritteol MEP) pampwawnt at(eEue dpl bit 4 B
et al ., |l 200dPéstingly, the emissions ofmayol at i

al so decr esaysnet bweistin rtghrephet bi ve carocbepetdsi dbe
2 4



amongs atnhbee bi ochemf S8iamppagautboal. | t20eguires i

response of PBVOC emissions to high temperatu

I n the |l ong term, temperature, resulting in cft
i s also the primary -adnrniuvaelr cohfa ngeass onnalP BavnQC i€
especially true of subar ctainc iaarcd eAarseet iicn ari ea st
twice the global mean rate and a correspondi ng

compo qiHtuiaomrg et. aKFaor, &Xdrhml e, an aii2.tdmp ewidtlL

result i n a idoonusbloifn gMToesf aenmdi sSSQTs fr daabwet €0
al . ,. 2101009 his riEglaradmali sptriuodjgd chtye & 0tOhLgt t he er
and isoprene over the whole of Finland wil/ i

increase of forest resources with elevated te
year 2100. Howe v éErmpmetthreu ne nhi esi Sreagpshir opdd, Btadrturl aag o n
nanaamd i x ianr ctthecasubarctic sahidghtilgyh Affcectcedr
temper at tree m nf iledndg experi ments because the s
these species in response to the el elvattietduden
spediSevol l ert &t veh. t h28l5mMo+ atobsdevapieanegsc
conduct ed tnoo dienmpirnogveer msh eof eval uat irdnegp etnhdee ntceymj

of PBVOC emi ssi ons.

2. 3Dr3o.uvqgrhitven PBVOC emissions at different tem
Drought, generally represented by | ow precipi

factor constraining the performance and survi
25



PBVOCs. The drought effects on PBVOC emissio
photosynthesis, are controversial, with some
in PBVOC emissions, whil e othernsafdegdedt otrha
increasedNbyndmethgals( 2G6s®) t ed t hate,;r m mideln edrraolt
stress wil|l cause a significant increase in i
terpenoi dAceumies sdiroonusght stress, t hotMgih,e nmay i @au
because of-reéeantaedngseeras { Safmpvy algat.ieltCetshle(rGL \&g@)i
noted that a severe drought or prolonged mode
i soprene and( GMTo teemiests iaoln.s, 2 0 1F4o;r Jeixaanngp | eet, 4 In.
Or meno et,Rastmaf 2003FB)hofwfeidc inreaalrilsy equal MT emi s
water staedeascriidednd esi oPnisnufsr chmmkcepensds when t he
drought stress i nhi bited pri mary met abol i sm
met abolites primarilyAhotmed bByupdgoméspadivbedgi
strienssa holm oak forest caused a strong and r
negative effect on isoprene emission (123%) b

presumabbhyse of stomatakr edwcstuiren themas d st eed gnlad

carbon avail abil i t(yFeanngd epth oatlo.s,y n2t Ohle9F iu clLtahvacriero r
the response and adaptability of terpenoid en
among terpenoid speci es, showing inhibited MT

ofUpi nene, camphend,Hadbred sthamdy lghaxitdaeano@e€n8) e a
stress conditions, the emissions of phenol s, |
been shaowmsteo wihnd e SQTs (e. @Cas &rer enta cAullet.nheo uly)hl

the effects of soi l moi sture or drought stre
26



mode,| inlye response and adaptability of differ:

drought stress scenarios should be considered

2.Bmerging Microplastic Pollution from Mul chin

2. 4Aplp.l i cati on of biodegradable mulching fil ms
Pl astic film mulching is an effective agronom
can conserve soil and water, r(e@ail adte aslo.i,| 2@z
et al ., 2017; . WaNoghoade gradd g b |80 2rdwal)acsh esol yet hyl
usually required to be removed after wuse. Ov e

have been regarded as an alternatidegr mdablhe
mul ching to miti gmd editshpo seanlvipgrombmeennms IMiauesse d |
et al. ,BMO1adane generally composed of polysacc
chitin, and ppodlyypeusttydresne( ea.dg .p,ape®| ybydpbkhal Ba
(PHABRY, pal yl ayct Didfef d P&mMt) countri es havee uvsaer iod L
BMs in organic agriculture. AAdOBB, Ng ssoedhe
European Committee for Standardization in 201:¢

without a biobased requi(fEiineMi3d acbhs&Eheh¥dnEUec

and Canada, BMs for organic fooHdaaed sequceesd,]
t han fossil resources O(CANEGEEBBrtal292engOkRBEe [
Most commercially avail aklaes eBIMsS ncgo netda ienn tcse rotra i
l' i mits their use in organic agriculture. For e

used worl dwi de marn maomp y®iatriso nal itbd ofbBasTe d wpha lc

derived from PpenceBedOhsouhassno | onger been |
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input to certified ©@AN/aCIEXB3flarNoieragh biyn Oarmgadca c
are hoping that organic certification bodies

and realistic market st BRamddopadhynayoréghaenalic. ,ag
concer nswhentbheen dbei o degp adiatty omf BMs winlglr eldé eat f
derived fr omanfdo swif dotshsadollarsééds | hnaevgeat i ve enviror

i mpact s

2. 4Fr2agment ation of different plastic materi al

After exposure to the soil, maeropt abéi cbr & §la
theneMBsates the mobility of MPs in (@Ga&i set |,
al ., 2017; 2019b; TMWangi e distribattcdon of MPs

be described by a con(dWatnigo neatl : aflr.a g n2eOn2tlact)i on m
O p Q T & U (2.5)
whexies MP sikE@Ex)Y mmhe simul ated cumuCRE) vef di
microparticlesaionr heanamagtt ihpak@snet rt fenmr el at
oF(p)ecided by the sWizse trhaen gfer aogf melhBt sam e soand opnal r eas
t hat debershgdxerepresenting the fragmentation
stability. Not ab( yimpanshitghatr Ivad wer odebri s ha
weat hering and downsizing W(kdhds maktlkesrtbanaés s mi
has a higher probabil it yU=oflPdshimsse inzoi nsgi gtnhiafni cla

on the subsequent fragmentation process.
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The model indgapédj)fametMPrss s(eparated from differ
summari zed in(j@Waepgi ets abtStoumke &@&lsa)l ts with pre\
artificial we(@aG@aieretngalproc283&s Wang weéeral .,

cal cul at ed Fag@&5asnidawalei fhing B5(ea) , i hdgbhat ed st e
MPs which meant these MPs had a stabl@gegesstzed d
s maisli eare MPs. Larger particles are genedally s
anaWi th the aanldtrreeaslearoge particles experienced
shifting to smaller but stable ones. A proport
weat hering processes (AMPs¥[ lweafe@d[doi.s5t,r ilbju,t evdh
suggested that the downsizing of | arger MPs w
Therefema) |l t MPs andmoNBs temagt §hed | arge ones. I
certai nU> allaur¢ggiecdli cated that the mobility of |
natur al environments. F/o>x1 ,A Mdssu gwg etsht ead ctehratta itnh
AMPs shifted to smaller ones. Moreover, the s
materials and weathering prokieg@elesd) )Re gtahred i ME
medi an size f Mab@wed BWWGBRBrg oGil,dewdher eas t he NP m
foll owedPBAEL DbpPld eGP & .BiDwAgrnig t he formati on

ul trapure water aft-ent &JWVsiitry awe attheoemed tMRs h( k
hi gher U@Ymbsereas-imnhenkigly weathered NPs ( HNF
val ud(scs mdmpar ed wintthe ntshiet yl ome at hered ones. Thi
more stable with downsizing accelerftedt by KW

sequent downsizing cédéksed by ®hverddpfdemedgs 8,C
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Tab2le Particle size parameters of the conditional fragment at

weat hering processes.

Weat heringMater D5 GmY) D90 Range Fragmen Adj usp Refer
processes (=) pargmnparam@:t R?
a matY)

MP formati PBAT 45i5&2. 0 48i. 2>370.17.1®&®B. 730. 777<0.0(Astn
mechani cal 587. 0. 99¢ al .,
through noLDPE 43i5886. 2 461 1>155. 7.125.020. 15(<0. 0( Astn
fraction 661. 0. 99¢ al .,
MP formati PVC 139185.7 196.945.7 3.8154 >0.9¢<0.0(Zhou
di fferent 201.1135. ! al .,
pl asma tre
ti mes at d
oxi dintergs
MP formati PS 50188 . 0 831 1>1814:4.14089 >0.9¢<0.0(Zhu
di fferent 102. al .,
after diff 20200
irradiatio
MP formati PS 9.158. 9 221 ¢519. 1 1.i®2464 >0.9¢<0.0(Liwu
di ffer-ent 47 .t7782. ! 2019)
activated PE 10i38. 3 1271 7254%1.2 1.i2453 >0.9¢<0.0(Liwu
KoS0st r e at me 59.(0(3296. 2019)
ti mes
MP formati PS 14142 . 4 311. ¢527.6 1.1®8®141 >0.9¢<0.0(Liuwu
di fferent 62.5330914 2019)
treat ment PE 1113®. 3 251.1188. 3 1.i12264 >0.9¢<0.0(Liwu

60. €E6686 . 2019)
MP formati Mask 20i195.8 621 €¢3.iB59.0.1M8 43 0.89¢<0.0(Wang
l trapur e 439 0. 99¢ al .,

2021d
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di fferent Glovelli®2.5 101 £E50€27.0.0%5. 0 0.972z<0.0(Wang
I rradiatio 285. 0. 997 al .,
MPf or mati o Mask 16i2®6. 3 63i. 22.i983.0.1™®103 0.817<0.0(Wang
ul trapure 458. 0. 99/ al .,
sand after 2021d
UV irradiaGlove5.iB05. 3 111 4579494 .0.05. 9 0.872z<0.0(Wang
durations 375. 0. 99¢ al20,2:
MP for mati WGP 2814% . 5 121.17126. 1.1@2 19 >0.9¢<0.0(Cai
ul trapure 199. 2023)
di fferent Bi oAg36i64D. 0 152.7i803.0.1M92 97 >0.9¢<0.0(Cai
irradiatio 284. 2023)
NPFF ormati olPBAT 0. 288 0.5€¢5.10 1.52 >0.9¢<0.0(Astn
higlkerfor ma al .,
grindingemuLDPE O0.196 0.475. 74 1. 26 >0.9¢<0. 0(Astn
MP al .,
NP formati WGP 0. 18182 0.271.B8. 10.14349 >0.9¢€<0.0(Cai
ul trapure 0. 6¢ 2023)
di fferent Bi oAgO0O. 0B9242 0. 174.734.(0.182978 >0.9¢<0.0(Cai

i rradiatio 0. 5¢ 2023)
PVCopyvi ny,PSpoll yrsity&8 e n(ed OP &4d80) mean that 50% and 90% of t h

corresponding size in the CDF of MPs (NRYglmYrespectively. *
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2. 4En3v.i ronment al ri sks aogfr oneiccorsoypsitaesmsi ¢ pol | ut i
Agricul tur al heal th and s dfEatyy jarte afnac iEmg ed agm
al ., .2@G2AHa)y ally, soil contains various met al
Nil.t was found that the adsorption of metals (
through physical sorptidouaaed. al ec aldd BWiprochicn g
bet ween heavy metals and the surface | igands
functional gpoopshbl whithiewdhede d yp lUktenh &Pgyeas et
2011)For exampl ehad aa bsotxrydn g roaqrsdi nati on af fir

Pb, a(nWc Ciumi ya et al ., 2011; Yue et al ., 2022)

As shofwng ais,re MRri ved DOM had | oweadsameadss val ue
compar ebi ovirpaygrsogeni ¢ s mok e, natur al water, SOi
MRPRderi ved DOM had a | argeomatheadtlyahesi medaad
can be the carbon addition into the agricultu
as aromatic functionakcgsesupe. cahbenmagpputsiuh

emi ssion (iCatio etthealai,r 2021a; Cai et al ., 2021b
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and B¥Rss6n'Hhi fret sl ope of linedrameoessd ospoat I
range -20f5 ;AL L/ -C( nigi m)dtblhseo rcpoteifofni ci ent at 254

by DOC concentration

Figarandab22descr itbreantsifer of MPs via the ter
agroecosystem. The fragmented MPs frominatur al
2930. 0, medi an: 716. 0, me an: 9dm} . Z2)hainn t hadstei ¢
artificial pridé68sdes megdanage: 120g8Bi ndhenag,; @%Dd
and UV imThedipatrtowcl]l e size (&mgxiorhumngiesd eaf MdPa
the order: hum@eed, (madgan: 0905 mean:i3A@05) >
medi an: 150, mean: 1259D), -mediams @Er amgean: 0.305b
scarce direct evidencesoftiM& fiingeisthtg®nobyh hmame
are summabi aledgi ddale effects of MPs on human h

studi es -doenr i wierda nc e | | |l i nes because i n Vi vo st
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humangested MPs showed a bi modald an&QCE@bduti on
The sizeheahgagmke mtaegdurMAs afnrdonar ti ficial proce
the ingested oMPgsa nbiys mser riensdtirciaattliem g ets igaatn ad msi d e
exposed to the risk of fragmentedi MPshdutetobpe
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Tab22eThe uptake and biol ogical i mpacts of MRAsWaaanmgd eNP.sali.n t2elr2rz

Speci es Pl as Si ze Concent Coprese Biologic effec Refer
(=) cont ami
Pl ant
Ri cOx y(z a PS 01 40 mg/ L (Liwu
satl.)va 20220
Ri cOx y(z a PS 0.02 10100 mg/ Oxidative stre (Zhou
satl.v)a l ength; altern al ,
met abolism pro
Ri cCe (skht) PS & 10 0.4 2 g As (41. tDecrease in pl (Dong
PTFE mg/ L) photosynthesis al .,
of As; Oxidati
Mai Zea( ma PS 0.02 2 Le of (Sun
N R & mg/ L P 2021)
PS sol ut i
COOH 0. 32l ere
surfac
Mai Zea( ma PE 3 0. 0m™2d2®» / Decrease in bi (Urbi
mg/ L transpiration. al .,
Mung WNegn PS 0.03 10100 mg (Chae
rad) at a An, 2
BroadVbeaiPS 0.8 10100 mg/ Decrease in ro (Jian
f apha bi omass, and c¢ al .,
Oxi dative stre
Soybean PS 0.in0010 mg/ k(Phe (1 Oxidative dama ( Xu e
(Gl y aniarxe root aGeetniovtiotxyi;c 2021)
LMeryil!/| Reduced uptake
Whedtritic LDPE<100C1% (w/ w / Decrease in pl (Qi e
aestlhi vum bi omass. 2018)
Whedtri¢tic PE 2025C0.0%% (w/Phe (l(Decrease in sh (Liuwu
aestlhivum soi l) mg/ kg) Reduced uptake 2021)
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Whedritic PS &
aesthivum PMMA
|l ettuce (|
satbl.v)a

Let tluaccet (CP S
satl.v)a

Let tluaccet c PE
satl.v)a

Let tlu.ceslat PE

Car Dauwc@us PS

carbth

Cucumbecocul PS

satLvyus

Spri ngAlohiiPA,

fistdylosuiHDPE
PP,
PET

Oni &dhl (umPS

cepa)

Thal e PS

cr gfrsabi doNHZ

t hal)i ana PS
COOH

Garden c¢cr (PE,

(Lepidium & PV
sat iLvum

02 0.i%0 m
or 1590
mg/ kg
0.1 OO0l mg/ L
10500 0.i10% (vCd
I n soil mg/ kg)
i23 0.125 g/ L DBP
01 1020 mg/
0.4@. 750 mg/ L

<500C0.i2. 0% (/
i n soil

0.i102 0.i1@10 g/
0.19
0. 2 10100 mg

0130 0.02%
soi |)

( v/

(40..4 Dec

(5 Dec

Il nc

act
str
Red

OoO0O< ® DO

C C _r|s o |s s

ase in pl
ase in pl
ase in ro
Ity; Dama
ture; Oxi
ed uptake

Pol ydnependent

pl ant
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Oxi dati ve

abnor

Decr e
pl ant

tot al bi
eaf el eme
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Festuca PET 1300 4 g/ kg / Al terations in (Loza
brev,Hpli lc a structure; Dec and R
| anaCau sa ma shetoeotoot ratio.2020)
I's epAgtleil
mil |l eHOEBT |
m pil,Bsahi
|l anceol at
&Potentil |
argentea
Ani mal
Eart hworm PE <150 7i60% (wi/ l ngestion and (Huer
(Lumbri cus i tter) l ncrease RedwmotLwang
terr)estri: growth rate. al .,
Eart hworm PVC [/ 2 g/ kg As Decrease in bi (Wang
(Met aphire mg/ kg) total As; Alleal .,
calif)orni toxicity to th
Eart hEosm PS <200C0.25% (yHBCDDs I ngestion of P (LI e
f et&iMeat aph soil) 40gfkkg)bi oaccumul ati o 2019)
gui )l el mi
Eart h&or m PE 30100 O.inO0o%/wW Ni 2#40 Il ncreased bioa (Li e
feti da in soil mg/ kg) metals; Oxidat 2021)
Cu2(t100 Al terations in
mg/ kg)
Eart h&®&orm LDPE <300 0.010% (vPAHs i(fl ngestion of L (Wang
feti da & PS in soil 74@/&«kg Oxi dattiress; Deal .,
PCBs i(:bioaccumul ati o
22@®/&g PCBs
Wor . (cr)y PS 0.5 1 g/ kg iTetracylngestion of P (Ma e
(1 mg/bi oaccumul ati o 2020)
l ncrease in th
abundance of A
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mi crobi ome; Gu
dysbiosi s.
Wor Bnchyt PA 1B150 2112% (wi/ l ngestion of P.(Lahi
crypyticus soi |) reproduction. al .,
WoodIPR.cesX(PET 103000.5% (w/Chl orpyDecreased bioa (Dol a
soil) (0iz22mg.,chl orpyrifos; al2.0,21
hemocyte count
alterations 1in
WoodIPiocrece(PET 10300 0.1@2 5% / l ngestion of P (Sel o
sca)per i n soil energy reserve et al
activity. 2020)
Col | enf@royrPS O.71100/ / l ngestion of P (Berg
pygus ant . et al
2020)
Nemat ode PS 1 1o/ |/ l ngestion of P (Yu e~
(Caenor hal producti on; Il n 2020)
el egans)
Spr i nRgotlasiad P E <500 0.1% (w// Avoi dance beha (Ju e
candi da dry soil reproducti on; 2019)
mi crobi al comm
SnaAdhgtinPET 1300 O0.®1 71 / l ngestion and (Song
fuli ca soi l Reduced food i al .,
excretion; Dec
antioxidantl icwai
I ntestinal wvil
Si | kwBormmb yi P S 0.i®5 10g/kL PS/ Accumul ation o ( Muha
moy i sol uti ol and | umen; Alt ad et
on mul b« expression; Ox 2021)
|l eaves. Reduced i pmamuho
Mo s quCutloe xi P S 2i15 50200 / l ngestion of P (Al
pi p) ens particl transference o Jai ba
the growth or al .,
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Honey Alpees:PS 25 0.1B0 mg// l ngestion of P (Wang
mel [ L) er a gene expressioal.,
gut microbi ome
Rat PS 0.04 1i10 mg/ I/ Uptake of PS; ( Amer
body wei of PS in the t et al
di srupti on; Ti 2020)
i mpai Reemiobduct
toxicity,; Alte
expression.
Terrestri iMan 500 10N®. 4 / Il ngesti-madef pim(Zhao
made 5000 items/ i al .,
pl as
Chicken f«(LDPE 10i0 129.8 N / Il ngestion of L (Huer
1000 particl« food consumpti Lwang
vol ume of the al ,
Hu mé&n
Commer ci alPE, 5500C2.000. 5 i (Li e
PET, 2015a
PA
Canned saiPP, 200 A tot a (Kar a
sprats PET, 3800 items al .,
PE, out of
PVC brands
Chicken gil 10i0 10.2 N ( Huer
5000 items/ i Lwang
al .,
Ani mal me PET, 10500 1.1®&080 [/ / (Lu e
materials rayo I tems/ i 2020)
PE, or M.35%
nyl o i tems/ g
PP, wei ght)
PVC
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Carrot, I/ 115. 526, BA® ,
broccol i, I tems/ g
apple, & |
Talkart f oo Main 40500 3i29
PS, I t ems/ c
PET,
PP
Edi bl e salMain 100 Sea $183,t620 it ¢
PE, 5000 Rock islal8t @i t@® ms
& PE sal 14:6228 t ems/ k
Honey / >40 Fi beiB3610t ems/
Fr agmiBmRt ;i t2 ms/

Beamdpt wa / 100 o14. 3 i
5000 & 161 it
Mi | k PES 100 311 iter
PSU 5000
Human f eci/ 50500 2 itemsi/ /

|l ntestinaPS$S 0.5 2B20 @ /anlL/ Cellular inter

cell ss2) Ca SI'ight cytotox
effects.

|l ntestinaPE 30140 10000 TBBPAi (Decrease in ce

cell s2) Ca eg/ mL 50 mg/ Il ncreased ROS
Reduction in m
membr ane poten
rel ease of | ac
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|l ntestinaPS

cel CaZz)o

Col orectaPS
(CaZ 0&-2H9T

MT X) &
l ymphoblI a:
( ReBj)i

LuregithelPS
( BERSB)

Al veol ar PS
cells (A5.
Al veol ar PS

cells (A5

oNe

163

.02¢
07

201 2@ /eamLBPA il 2

ng/ mg)

.i®5 ' 1i20Q@ /anL /

iZ. 2171009/ &r/

1.i2%g/ mL/

1 100009/ m DBP &
DEHP
eg/ mL)

(¢

Joint
t o a
Cel l u
Reduc
in in
Mi t oc
Syner
BPA.
Cel l u
signi
viabi
ROS p
expr e
Reduc
Al t er
Il ncr e
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Cell u
Decr e
hi gh
Cel l u
Di st u
apopt
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Hepatic ¢cPS,- 0.05 1000Q@/anlL/ Cellular inter (He e
(HepG2) COOH Decrease i n ce 2020)

& PS Cellul ar oxida

NH?2
Cerebr al PE & PE:7T CO0.1@ADglml/ No significant (Schi
(T98G) & PSS 16; F viability,; Cel et al
epithelial 0.1ad ROS i-tnr P&t ed T¢2017)
(HelLa) and PS treat me
PeripheraPP 20200 10100®/ m/ No cytotoxicit (Hwan
mononucl e em; Decreased cal .,
(PBMCs) , | increased ROS
(HMLC) , & « exposur eg /t oli2ZL60f
fibrobl asi em PP.

Plastichi deDPEty polpeltyhymhiedpo! yWwHes| i ¢ ar omatp @l yheytdhr eorcsau Ibfomrse
pol yestepol PidMAhy | mepblagpy PoEWecin®sPul f:poéytRBTFEBf.|l uoroethyl ene
Cont ami naarnstesn.c aAcsmiCd nd i [DBtPy | p:pthlealaatt d;r efleeex athB ODnNdsc y c 'midoldelc;a n €
Cucopper:poP@gB&Il ori nat edt edtirpahbernoyrhosh i :diBBgiMein acldj ABPAOBPp htdhial at e;
(2t hyl hexyl) phthal ate

| ndi cat parnst:i bAROGsi ¢ r e sriesatcatnicvee goexnyegse;n R(pSe ci es.

* There is scarce direct evidence of MP ingestion by Themans,
bi ol ogical effects of MPs on human heddrtihv ead ec a Inlv elsittriuagisa tebsel coaf L

humans ar e scar ce.
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CHAPTERBC3I ENTOMETRI C ANALYSI S OF BVOCS EMI T1
TERRESTRI AL SYSTEMS

3.Background
The Paris Agreement and SDGs are urging us to
energy resources for the goal of carbon neutr:
one of the promising al tteromatainde £ nkeer gayu ssd oa argl
through biological carbon <captdurievean dp hott orsaym
(Gaur av et Bilof,ue2d0lp/rfoducti opc gpptivrag i dryd deelea
storage in tehr esst rficarle splsanansd seuner gy <crops,
litterfalls,(Mesidubl seThaldsgio20F590portion of
is released bacikn ttohet hfearmd mfiOgE8@®dar i ng proce
photosynthesis, respiration, and biomass bur ni
in climate chéaager oni e.iBeatl Glie®&s2 0 2tOh)es e v ol at i | ¢
considered in climate resear ghbs duwrecCadbsoe yt het r al
2021)As the pryeeOQrPM,r santdo SOOA i n many at mosphe
closely related to atmosphaerées ehemi strg0apd 1
202UWUnderstanding their emi SDIGABs who wlhd ilseltmp i

action to combat <c¢limate change and its i mpac

BVOCs account for near | (yGWwWema hodr .tSaottu adil e ¥,0 €2e0k0aGt )
BVOC emi ssions have ranged in terms of both s¢g
national , gl obal) and tempor al scale (e.g., d

measur ement s and s nmusl saitonm nsatoefs BavnGdC f | ux es

4 4



-

esearchers have addressed diverse topics in |

i soprene and MTs, i ncluding biosynthesis mec
inventories, and responses ofoBV®L emdsenwvoinr o
factors (e.g., temp(eriateutr eal .I1,i g2hOtl, 7t Ad oToagnkgh tehte ea

have bedmcefsfiomgt sn the assessment of BVOC eml
studies on t hepsemiismsdlondi nfgr obm ddfowe | pcreop DUsars
al so have not di stinguished the individual c
emi ssions from an ecosystem. Consequently, BVC(
studies as emissions efhePB8VOE&B, sesphpeascallryeti
SBVOCs, consisting of PBVOCs released from sh
bark, and stems) and |l iving rootmposaintdi daiVv OcLfs , |

and SOM, have rarely been incl uB¥dCsn the emi

Some efforts have been made to profile the 1
examphetrti s¢R20&Becavgilewed volatile isoprenoid emi
at mospheric rMHemotpai sensianigg;0 B@x s heezdont he mai 1

stressing PBUOCfami 6BD@d@mmMani zed BVOC emi ssio

—

rees and their i nter acutni oén2sO gwi dtvhi doezdo nae ccoompcr ee

-

eview about BVOC emiismpaatss i mn Agiima qBnadG hei ar

emi ssidnsvand for I'ts sink aodmpimhedieocBnpr wo
(Pefuel as et al . ,. 2Holwe; v eTra,n gmaeny apr.e Vv i20uls9 br)e v i
and subjective, | argely based on personal kKnowv
structure 1 n their characterizat Abhbowdgh themi
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|l iterature recechawactoar iPBVvdlOCshe gl obal scient i
through bibli(&€menhgi etamdl ys,i29kle9w sltiu ddte salh.a,v ez
depth the body of research on BVOC emissions
tools such as burst detection. Consequently, i

in existingyrecesesmaéuysindentoipfi cs, or anticipat

To bridge the above research ga@pgepth hecieentsom
study on BVOC emi ssions, encompassing SBVOCs,
review of the emissions and drRivepol odut BMOGCs a:
I n the present study, scientometric character
BVOC emissions from the WoSCC spanning the pe

and visualized usi?2t@h €n2t0e0HBp ancee woom k ©dr rkaety wor

throuwdhr coanalysis to identify research hot s|
visualize |l inks between each selected keywordd
research hot spoest sf i eV ars twiame vacrual i zed t hroug

knowl edge domains and emerg§i New memsesairicrh Girteen
over time, and promising avenues of tfhud ubrier gte:
detection of keywords or references in CiteSp
including PBVOCs and SBVOCs according to their
of BVOC emissions usi ng isgchitesn tgoamenterdi cf raonma Ityhseis:
used to mitigate the negative impact of BVOC

management-dd mir ntéetrenders t r i .al ecosystems
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3.Met hodol ogy
3. 2Dbalt.a coll ection and processing

The framework of sci enrtiogféteri ¢ analysis is sh

- Records identified through database searching

g between 1991 and 2020

= (WOSCC: n= 2,895)

&)

§ Records excluded by

Endnote X8 <
(n=133)
Records after

’? duplicates removed

'z (n=2,762)

g

g T
- ' Merging
= | synonymous |

=) . keywords !
= Co-word analysis Co-citation analysis
2 (n=2,762) (n=2,762)
=
=
]

o .

& Keyword clustering Topical category

E analysis

e Burst detection
5 A

‘g Burst detection

@

— - - 4 Top 362 references
g CTOSS'TEIatIOH_Shlp Circle's visualization with the strongest
-] and cluster view citation bursts
.% v
s Top 14 keywords with the strongest citation bursts
-

:7 Reclassification :
i Hotspot 1: BVOC estimates and emission drivers
g = = Publication
g Hotspot 2: Interactions of BVOCs with O;, SOA, and PM |[¢—— {istributions
= e (n=362)
e Hotspot 3: SBVOC emissions
=s]

Fi g8 eThe framework of scientometric
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Vari ous databases mighWweli el d8aiddait @adarste 1 as ulet
as one of the most common 4dmdyrmalgi &bl kdtdal 2y,
abstracts were not included in documents befo
2020 were systematically reviewed and discuss
over the pa6Li tbreaMdegcs2adbsBudi es were identifi
sear WoSQGT homsuotne rkse, NY, USA) spanni9lgo t Maer pler i
2020. The search string was=(KsSOR TKORI §¥ AHBr ch)
(KetOR gdOR )éTopiTclrep(resent edaBYOCKeywacdsdi ng " bi
vol atil e*", ABVOC* o, "biogenic VOC*", “micr ol

emi ssion*" | bi ogenic i sopren*" |

bi ogenic "

1]

BOVOC* o, "biogenic oxygenatemewvbhatei Vel ariglhea

compouhdpi"t2r2ep(resent-edl ®tme d sikKpypyworcdsudi ng dr e

Aemit™*o, Afemi ssion*o, Afl ux*o, ta&kxd!an ghes*uos, p €
Adeposit*o, Aesti mat * o, A mo de IA'NdD, wiassi nuusleadt *too,
keywbrdstevdaoo p| ¢ WihORIoe was used to | ink keywords

This search yielded 2,895 articles and9fieview
and 0ZFBul |l Record anidn CiRleaiRre fteegxth@ efsor mat f o
anal thei ss.Ful meResoerdétail ed bibliographic info
papmai nihgl uding author names, articfhThee t"iQiltees,
Referemeatbe | ist of referedDoeptipaptced wietrlei mem
using Endnote X8, resulti KgyWonrdsrVusetdet msa
more than once in the bibiwicogr apphhywsa&sd twaria iemg

aut hor keywords are included ThuKseggdMorr dls ¢&fl uasr t
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were deleted and only author keywords were in
merged, and synonyms udeat#t3leor this task were
Tab3lle Synonyms | i st
Label Replaced term
VOC Vol atil e organic compounds, vol e
BvVOC Bi ogenic volatile organic compol
bi ogeamd,c Bi ogenic vocs, biogenic
bi ogenic volatile organic compol
compound (bvoc), biogenic vol at:i
MV OCS Mi crobial volatile ovghaiicl eompc
compound, microbial wvocs, microl
mi crobial volatile organic comp¢
Sesqui Sesquiterpenes
SOA Secondary organic aerosol, secor
Aeroso Aerosol s
CQ Carbon dioxide
O3 Ozone
PM. s Fine particles
GC Gas chromatography
SPME Solid phase micr o-@htarsac tmicm olexd 1
ME GAN Model of emissions of gases and
emi ssions of gasasuaed aerosol s
PTHOF Protoansfer -ofbAcghonmbaemetsegisgt r«
MS protoansfer -ofacghonmasemespectr «
PTMMS Proton transfer r ea-ansi)on-pma$rsefas
mass spectrometry
PCA Principal component analysis (pc¢
SE MS Secondary electrospray i-m1)i,zadgea
el ectrospray ionization mass Spe¢
3. 2Sc2i.entometric analysis
I n the presenf. 6tRIyIwdi €aGpattet o analyze and
trends of BVOC emissions. CiteSpace 5.6.R3 1is
caeitatiworanhmecawordsan&bysi s burst detection
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keyword clustering was conducted to identify [

c ha

(0]

Ci

(0]

c

p

c

nges and emerging trends over time. Given
ed on the occurrence frywaredhs ywotahal agal lyis ¢
ducted by CiteSpace reflected emerging tre
uncovered useful i nformatiOmad@retpralhect 2(
guency-raefl aghndp sc rbcestsween hot keywoAny wkearpi
reases in interest in a given research fiel
title, author keywords, and abst(Xicdo odt e
, . 2DH&)citation bursts of keywordsl wgt earef e
|l ysi s @ifvikegdvorles aut hor keywords extracte
sters, with a high similarity among keywor
i ous( Scul uestt earlB.i,vex®l9)r esearch subtopics in &
rcles visualizatwasousedeatedxlby aCar kety wor

ical category (&malgy ®it.s adf ,e@2d0R 09l uster

abéypat amet er TsaebBl2erenrges ssehto wbne fionr e conductin
ording to thd CReéehnhegsSpddreksmaamanudl|l nodes are t
ual i zation maps. A color spectrum shows th
ode indicates one keyword or reference. Tl
urrenceiomati eher émcea @®ode, concentric cirec
di fferent time series, where orange and |

urrence, and an outer purplenopideg derdiccabe

rel ationebcpsr eftc&cadr onp where its color denc
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relationships and the thickness sHhaws Ctalsd i d din
Ghi si et al ., 2Ad860itFangl ey, at he @dOdTl)arity a

are represented bgvdma&lamogdiull ko weatl tuee, amaspect i

clusters were numbered in descending order of
cluster, and so on. Cluster | abel s mwuetrueal s um
informati Hawé WMe ) , | abels varied due tthoe dtidgrfrar
frequency and inversed document -frkqbehogpd (T
(LLR), and MI , so the top three terms of dif

interpretation.

Tab32e Parameter settings.

SettingVal ue Description

Publical9o®020 Divide the time zone int

Year s

ThreshoTop50 Selected t-heeggapnb® h bt
zone

PruningNo pruninN. A

Type of Aut hor keAut hor keywords (DE)
keyword

Types oKeywords N. A

3.BResults and discussion

3.3Qvlerview of keywords for BVOC studies

Among the 2,762 documents R20@®d)t h&8liekiegavoundd
emi ssions with a total occurrence of 2,738 we
each, 42 (13.5%) appeared over eéegpwotdsnessea@ch?ot

once was not detected with this met hod. Previ
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found that 62.4% to (&H. % adpear2e0d Dan IXW e® féct & «
12. 8% appddduectt wmilce 2010hi s8i peevalence0d4fl) ke
only once in the |iterature | ikely suggested
among studi(eGhuangdg hegts askli.e,ud2h0 0 AWer Equensney keyiwi
and the rel at i olnasbBldkp ss thse ttvheee nt otph e3M. keywor ds w
i n 12009210. This period -waar di ~it eeddiali,$52t0001091 taened
200121020) to ensure reasonable time spans for t
was foundctease over ti me, indicating that i
emi ssions. A network graph was created using
the relationships mbied Geaexnhitbh @ se etlkhaety ivaormaddss. p b e

keywor ds.

Tab3l3erop 30 keywords with 2h®e2hi ghest frequenc

19921020 19921000 20021010 201021020
K& Fb K& Fb K2 Fb K2 Fb
BvVOC 270 Biogeni 47 | sopren93 BVOC 18
emi ssi ¢ 4
|l sopren222 1 sopreré4l Biogeni 81 VOC 10
emi ssi o 9
Biogeni 194 Monoter3l BvVOC 77 | sopren@88
emi ssi o
VOC 205 VvOC 24 Monoter 75 O3 85
Monoter 182 Os 13 VOC 72 Monoter 76
Os 140 BVOC 9 Os 42 Biogeni 66
emi ssi o
SOA 62 Terpene9 Sesquit22 SOA 50
Air quab?2 Emi ssi (6 MV OC 14 Air qua4d?2
Climated48 Troposyghb6 Climateld4d PM 40
change ozone change
Sesquitd45 Biogenib Model inl2 Source 35
hydr oce apporti
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Source 45 Hydroce4d SOA 12 Climate34
appor ti change

P M 43 NOX 4 Air qualO Air pol 27
Emi ssi 039 Nitric 4 Emi ssi 0l1l0 Emissio23
Air pol 37 Temperce4d Source 10 MVOC 21
appor ti
MV OC 37 Season¢4 TerpenelO Sesquit 21l
vari at.i
Emi ssi 031 Pinus 3 Air pol 8 Emi ssi o2l
i nvento l nvento
Terpene26 Bi omas«<3 Emi ssi o8 Aerosol 19
burni nc Il nvento
Tempera?2l Quer cuc3 Seasonat©” Temperalb5
vari at.i
Troposp2l Vegetat3 Emi ssi 06 Bi omass 14
ozone factor burning
Aerosol 19 Rel axec3 For mal d6 Drought 13
Accumul
Biomass19 Mediter3 Nitric 6 PTMS 12
burning vegetat
PT®RIS 17 Sesqui t2 Forest 6 Tropospl2
ozone
CcQ 17 Branch 2 Emi ssi ob BvOC 11
encl ost emi ssi o
At mosph1l5 Light 2 Monoterb5 CQ 11
chemist emi ssi o
Drought 13 MVOC 2 PT®RS 5 Phot osy 10
Seasonal3 Microme?2 Dry dep4 Fungi 10
vari ati l ogy
Fungi 13 Boreal 2 Al pmiane 4 ME GAN 10
Photosy1l2 Leaf 2 Mo d el 4 WRFCHEM 9
temper ¢
Ant hropl2 Air pol?2 Spatial 4 Nitroge?9
emi ssi o distrib
Model inll Pl ant 2 P M 4 Ant hrop?9
physi ol emi ssi o
Tot al 186 247 6 36 10
77
Not®®ey worFd =£;0 UWRKRCH.EMVe at her Research and

coupled wi.th Chemistry
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Resul t si BsVhGwe,d "bi ogeni c emissiono, AVOCo, #fis
top five keywords, much hi gh©2r0 2(0h BBlBa oRlihgeur & e y \
322 . The advancement of Aisopreneo-basedimesete
has been an area of special focus during the
abundant VOCs with high reactivptgnpsoduesped
(Feng etTheéeé . fregquéncy was found to be ever 45
ASOAO, fAair qualityo, and Acli mate changeo, wt
and cli mBveOCef magt partici pate i n many at mosph
0O, SOA, 3@QAM @®@Mcounts for admdglkaproiponitiionarm
human health am@Rold , iAgxQdes3od hepmagda i cl es, as an i
t he GHGs, not only have a direct effect on ¢
properties th-ateimpllkcthawetael ghogbal climate &
(Cai et al ., 20Q19a;crcais eadt SOA mightoOb)hcrease

di ffuse radiation, making cloud¢$ Spore eretl|l att,|
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3. 3Rez2zs.earch hotspots based on cluster anal ysi s

Cluster analysis reveals a EI g@@aZ(eb9t riulcltuusrter aa f

clusters in BVOC emission research, with the
#9, | abelled with keywords wusing the MI algori
This indicated t hvaas trhea sroensaebalryc hc anteetgwoorrikz e d i

these clusters had emaebtbbagel appbhaoagepalelt scoil
34 . This meant that the average homogeneity o
of the effect of overlapping parts. The silho
clusters had a value grlkaywar ds amatOc Bed Tvna Isl i
but poorly to adjacent clusters; therefore, it

were typical, wvalid, and reliable.

Tab3d4de Parameter description.

Paramet ersDescription

Ver si on V. 5. 6biR4) (614

Net wor k N=Number of network nodes: 311

E=1055 net workOdeasdt y:

(density=0

Modul arityThe network module value is
Q>0.3, it means that the sep
significant

Ov e MMalaln When S>0.7, the clustecingte

Sil houettereasonabl e.

The top three terms of the three clustering
interpretati oamh3l5a swhpirlees eonntleyd tildvid e Ime t heomde watr €d s
i i gB2((badnEi gB3teco avoid meaningl ess Fagd@3 eepet.i

summari zes t en clusters of BVOC emi ssi on stu
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Further &ahal yoips cah cat egeoornyd uccft eadauhs $ dnlgwsCtadr m
Fi gB843e Gverall, research in BVOC emission mair
emi ssi on, and drivers (@tmogspephe#B, edhange:; ¢
oxidation products (Clumterobeé,i a2obadatli ath¥; s

BVOCs (Cluster #3, #7, #8).
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Tab3se Summary of 10 clusters f2020.he research hotspots
Hots Clust Si zSil houMean ( Label (LSI Label (L'Label ( MI)
I D

(a) 0 53 0.535 2008 monoterpenisoprene biogenic ¢
seaswarailat imonoterp benzenoids
bvoc compobvoc wounding

4 25 0.874 2005 erica arbopinus piichemometr.i
communi s; ms; -mgtr acetal dehy
cerri 20ne

6 23 0.775 2008 forest firforest fiisoprenraiad
burning; i chemistr'uncertaint

pyrolysi:

( b) 1 43 0.729 2011 source appsource pm2.5; | ea
met hyl vinapportiolitemperatur
met hacrol ecmaq; | airiver del't

2 41 0.68 20009 particul at model evihuman heal
model eval regional speciation
cenetematernnitrogen photochemi

reactivity

5 25 0.868 20009 bi ogenic evacuausnsi sbi os@henoesp
s ofpihca s e extractiiexchange; -
mi croextraskin-phsacsibi osphere
nondestruc microextiexchanges;
anal ysi s

9 6 0.937 2008 speciated mechanisii soprene,;
oxidation; reductioimechani sm
chemistry; degradat. i
mechani sms mechani s

speci at e
oxidati ol
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(c) 3 36 0.879 2012 photosynthbacteria pl amitcrobe
stem growt rhizobaciinteractio
European b conservat.
hor mone si
7 16 0.851 2009 temperatur decomposisoi l upt ak
seasonalittemperati Mediterran
decompositclimate (species
8 11 0.851 2011 sensible homi; c¢ch4 biogenic n
boundary | bor eal pin
vertical p met eorol og
Size is the number of references thatt he dlabetl srL4cR RMtdihaerds .b yClt
M tests.
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Citation relationships

Clusters / topics

Reclassified hotspots
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_/ 48 2 =5 7 and emission
--------- e ' _ Transport 45 Human health drivers
| Isoprene  REA "~ gpatial PM Soil Urban vegetation
A emission distribution 3 .
49% A= S s N S #3 Plant-microbe
1 Volatile  Oxidant products 141 . Inter-specific interactions interactions
- - — —_—aeee #4 Chemometrics Hotspot 2:
Mediterranean Calibration Acetone  Trace gases P )
vegetation ; . Interactions of
Rainforest RN I N _ #5 Biosphere-atmosphere BVOCs with 03,
Reduction factor Compost Grape skin exchange SOA, and PM
Forest fir .
---------------------- X ; ol e ) === #6 Isoprenoids
Vegetation Ecosystem services Emission potential
modelling
------------------------ ~ - ---- #7 Soil uptake
Seasonality Scaling Future emission Forest bathing
: K . Hotspot 3:
e —_____  #8 Biogenic NO SBVOC
emission emissions
Ozone modelling {
---------------------------------------------------------------------------- Fermsssmessmssssssssssssssesssssesessssseeseseseeseseses - {0 [soprene

Fi g3x@i tation rel

CiteSpace).
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| ogi cal
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The first significant hot spot was focused on

Tabld5anki g83*3e. 4. Studies in this hotspot have b

(e. g., chemometrics, sympt oms, uncertainty ar
compounds and emission trends (e.g., i sopren
non&one, seasonal and regional variati on, pl
mechanical wounding, ¢l ifmartedshiw a&frenriaangy),i.cé leesv atne (
the strongest bursts were al/|l related to a B
strengths of 66. 8, 90. 9, and 107. 5, as wel |l a

199826003 ,i2Q007 aa@2ra@pbectively. This indicates
known 4d@t tmordel to essgiommas ef BV¥OCt emi sstri al e

gl obal and regional scales throughout the stu

b _ Y
DT
W %

A

L9)
%
‘%b:zgso mﬂmﬁﬂ\‘- @ ‘b.g:; ” EE\'P‘“O“
Cc::;":,ggos o waﬁ

Fi g34«S*ubcl usters of BVOCs: composition, emissi

(produced .by Carrot

The secondh ostisgpaostf btichees falh enoess pher e exchange, co

subcl ustTeabh3d5daisgFeerdn xRt udi es in this hotspot
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fate of bBVoGQmsh enows pher @ nex aaildamgie,( 1) source apyf
eval uati on, phot ochemical reactivity, human
mechani sms and oxi GODA,oP Mpr cmmdbuindtest f@Qcti ve ane

(VE) sphasgle mi c (SoPeMEt.r act i on

&
S0
"y A’ODEL
“rions

Fi g3aSubclusterwatombsihpihes phexehange: source anict

(Cluster #1, #2, #%, #9) (produced by Carrot

fi0z0 has consistently drawn attention in at mosrt

new research areas have al so emef¥7290eld0 iann dt hiii PSM¢
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dur i ng2 02ma b3.3e . The top ten articles with the

20025015 and frequen2020.ciwerde dpmrii mar 200 6r el at e

and
36) .
air

for

SOA formation, with strengths betWwabhe23. ¢

This indicates that SOA has drawn widespr

guality and human healt h. Researchers wo

mation with different BVOCs (e. ghemisapsén

er

er

cr

di

toi

sity of SOA f or padtaisen rpatchwlognsse ( @xqigidesotui:
0genceactuasl yaedd reactions, and oligomeri z
epancies and (uAnciemr t eti3na liHas s2c0 . Meir nedaivreg s, 2
es on PM, including the contribution of |

cle formati on, as wel | as BvOC and PM f 1l u

ear dhurti ovfid 2X01C00 mbi ni ng high BVOC emissions

ct

i ons e nh-aamce dp-pvhaarsied B sOAgaasnd | i kel y pr omo

formation andnghadwvtrlegofoMAMgsenl aBoyr BY¥B®&A) e,

der iISWO&Ad has been foi2®d tod AdAed @aumitPavih odi 9t r i ct s |

UK( He al et al ., 2011)
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Pl amtcr ¢1993.58¢201 202 XX
i nterac

Note: The small rectangl es i n 1t9/P210 20 gdonaotsh e c
i ndicates that citations increase dramaticall
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3.3Puwb.l ication distribution among reclassified
Of t hreef3e6r2ences wi tlsi i tlatcikend Ivwadstds i nf or mat i
publ i catcioonmncse nidnrad ®(@o,tos( b) , and a(sc)pehItanigiect i v
Fi g3n e spa) sand (b)) were found to have been s
since 1991, a finding which suggests that, wi
chamBgveODCs as precursors of aerosols and pollut
of BVOC emission studies. Only three of 19 pu
SBV@Oni ssions, whil es witlh efrlsu xwes eo fr enliattreodg €m o0 X |
that further work focused on SBVOC emissions

them were conductethi Wet hhemeawupamentss had t he
strengths compar ed attd ombss e rTvhradsd enBela@n@s n et nhisagt sniud n ¢

especially from soils and their interactions

(a) BVOCs: composition,

emission, and drivers

"

(b) Biosphere-atmosphere
exchange: source and fate,

oxidation products

(¢) Plant-microbe

interactions: microbial and
soil VOCs
. (b) u Review
= Model
' m  Measure

Fi g83Z% ePublication distributions of the study

R

(a)+(b)

references with citation bursts.
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After the search period, the pandemic began &
ant hhropogenic activities and environment al i
2021. Recent emidisesVIOCaswme nzleat, toluene, et |
xyl enes (BTEX), were more ®BVIO€Lst adhchywdli omgk AHCv
i soprkrRalkkatt il et al ..Thik9d2pand&bdmic ehaalcaudd

studies on BVOCs and hugmaenf fheecatlstehodig iBavelhCes,,t h e

' i monenear amae ,h @rhars i od rmdyi mean t(adh oh e aeltt hal . |, 202:
al .,. 2B@pn) Meadinpleer anean pl-2adtmoreadiiceyd ICOVI De
areassdmaenmumodul RWOG@ERovi el l o and Roviello, 2C

This indicates that finding PBVOCs for the de

direction.

3.36&rces and sinks of SBVOC

Soi l and I|itterfall rel eased small amounts

approximately 12% to 136% of caedfHy abMétamdesdly
and aqeéetacmd)a et al ., 20Ad;aBscihmpeiGRAOVYOE uROdA
gl obal decaying and dried "YMeg@Hmd i D.n7 ethlo t 5 eTg
acet(dr2d0lQ,3)Al dehydes (e.g., acrolein) were prin
and then subsequently volatilized more from gt
| eaf Hiigtdt8eer Not abl vy, sustainabl e DbiGHneangdy r
hydrogen, could be produced from bioresources

i . e. | corn stover, wheat s tcroanmwt raon d efdo rne sctr orbde «
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(Gaurav et Adlt.hjoungtBVtQlEenrde GiHeGr ee mi ssi ons from s
bi omass stored in residues could sigmurfnicrmagt |

and i mprove enéZbggngndegde@danc020)

Living leaves

~

.

7
Produce 2 & [ Recent biomass
u .
V. Volatilize = §5 B Aged biomass
=
/ s 5
U £ g3
Fresh leaves 'é‘ ng
ﬂ ., Volatilize é:' 1
.
Fallen leaves AAAGAAAAAGGGG

Biomass species type
A= angiosperm; G = gymnosperm

Volatilize
+

Decaying leaf litter

Fi g3& eThe presence of aldehydeon (tehag.f, oraegtol fel

(Ehrlich and Cahill, 2018)

Previous studies found for estscfalloeorBViGsC amiisnspi ¢
to the synthesis and emission of BVOCs from s
mi crobi al decompos(iG@Gaionetofall.i,t t202 GatngdF &NOPICe f |
showed a seasonal trend with the greatest f
contr i bfuotriscosmts dofat urdsbet ween seasons with the

(bel owf Bhseteotfnd) hHuxbde greatest bei @rsercalacut un
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flusBYQOC falcewaan t-7e2d% M®@f@O@HA spring and -22a%!| gf sum
MTi n spring and autumn( Maki het.naBrViQCe 2e0nii Is)lesmiosnps
soils were typically 1 to 2 ogdeusdoPedmadglsad u
et al. ,F@rlelxample, net BVOC emissions from sc
f orsecsal e emi ss-doasndéd omeatehll ands H&Kyomdant ee @

2013)

SBVOC emissions could reach the same magnit |
combination of conditio®OMameccbad!|l ngnot empeeat

ecosycSPemsel as.Feotr aln.s,t anOcle4) frequent forest w

in boreal forests as a result of global war mi
i ncrneiacsreobi al dedDdMm@mangi tailareroft he vegetation cc
MT emi ssi ontsenipreornat mirghusmmet s meanwhil e, coul c

increasing availLabielkiot wndf FPaad ktegenl1l®PQi3nes wi
decrease in vegetation coverage and SOM dec«
emi ssions than (bZehfdonrgep éihree nwi.d tdSFBIVrCeCs €mii2Osxai)ons
increase with the S@OMoedcuacuts eofp H ocdn paH fweictth nut
mi croorgani rAbpbky sitoladgy, 201 Mor Ebeer gettheé. |jn
moiugte caused by SOM may promote the increased
condidriac mer 2talsant h@O end product of mi crobi a
condidottimons ed from EHeéeéwal ad eni calos|. tZ2\NDInte;t hYeal oe s
the increased soilreama sitrurBVod | d michoiserad fllreacm

fl oor. This 1 sgadueditfd udkd mrne asnessoiin , toget her
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uptake in soil, VOC dissolution into soi/l wat
VOC | eaching towards underl yMakgi set.l al ggeé&sal,
the net deposition of BVOCs is correlated inv
decr ease duger otuon d hper essheormcamwtotf | M@ ppledamasn et al
The sources and sinks of SBVOCs and the drive
noted, have beenetn Wbtaukdji ed . Hoohtw.ervee Q1 Sa0)i | VOC f I
been <cowl emioedreeldllionbgal e BV OSEircoms t eercroessytdi iteanrs e
attention shoul d bel oghigurerm nheca s Bi@Eunltastiend | @m s
i ncl udoiontg and | i ttemr creonbiisasli o dree Sogmpaoddiinvjea s @

environmental factors i® primary soil types a

3. 3Efef.ect s of anthropogenic activities on BVOC
Studies related to the source apportionment al
abat ement meadeveds IDA,gramudcd dP M. Compared to
ant hhropogenic emissions from transportation
production and £ miSOAI o @n auf r BHVWENCE Iraetida b3 8)e . I n

most tcheneaustry was the | argest cegentandugd®A (t7o.
66. 1%651D%, -aBAdOBS5. 7espectively), foll owed by
64. 3%391D%5 -3aAAndD¥%B8. Fespectively). Apart from t
and secondary i nor@raan ci mapeorrotsaonits c(oltAsi)buw or
(32.5N25.9%). Thus, the reduction of industri:
sources may be beneficildowdwenmnmder miuradjei ritilyveeidviO

pol | udiammgdesni ¢ emi ssions were found to be a
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automobil e, residentduwmdi na@ntdh e nBswrsutdeai rtadl mest miasl s.
| soprene emission was usually related to | oca
|l i kely associate@dDenmidtihr ndaiys.taafhhalsooam@&EByti on
sources to Iisoprene emission in rural areas w

90% for riuds@a® Ver(Kesthdmp et al ., 2019)

Fi g89(éd) showdiblganhi t htshoeu rlcaer gweasst 3 ¢ dSIOtAr, i bauntdo rP |
derived fromimr eroosrMedcra g\e@C sy o x a l ( MGO) and HCE
oxidation products of met hyl vinyl ket one ( M\
main intermediate products dqfLiingoper.endadksl O p2hOolt
mainly di s100bmteaeddi debi ved from biogenic emi
BVOCs with 37%) and bi omas(sXibnugr natn gawwais, o p2h0e2nCe)r
contriOptodd utoon in urddwmcicngi €606C Amessicahs o
species was higher effective than cotKumbhting

et al ., 2019; Zhu et al ., 2020a)
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(a)

= Transportation
Fuel evaporation
® Others

PM

Zhu et al. (2018)

Lietal. (2015)

Waked et al. (2014)

El Haddad et al. (2011)
Karamchandani et al. (2017)

von Schneidemesser et al. (2014)

SOA

Jiang et al. (2019)
Dunker et al. (2019)
Sarkar et al. (2017)

03

Wang et al. (2019)

Lietal. (2016)

Cai et al. (2010)

Yuan et al. (2009)
Karamchandani et al. (2017)
Yang et al. (2019)

Sarkar et al. (2017)

Collet et al. (2018)

Zhang et al. (2017)
Farooqui et al. (2013)

VOCs

Zhang et al. (2019)
Cai et al. (2010)
Song et al. (2019)
Yang et al. (2019)
Anetal. (2014)
Yuan et al. (2009)
Guo et al. (2007)
Zhao et al. (2017)
Wang et al. (2020)
Wang et al. (2013)
Jorquera et al. (2004)
Song et al. (2019)
Brown et al. (2007)
Baudic et al. (2016)
Yadav et al. (2019)
Sarkar et al. (2017)

= Industrial
H Fuel combustion
HSOA

A ||.m
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= Biogenic sources
EmSIA
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Tab38e Previous studies aboust SO@O@ArcaendppPMi nt ment of VOCs,
Categ Study Met hocRegi on anc¢T? > R¢ FE FC B Ot he SOASI ¢
VOCs Sar karPMF Kathmandu 16. ¢31.10.10. 10.10.9. 2

(2017) Bagmati, Pr

Nepal 202@:

Yadav PMF western | r19. (40. 23. 11.7.C

(2019)

Baudi ¢cPMF Paris mege¢lb5. (20. 10. 18.15.22.0

al (2 France, 2 (

Brown PMF Azusa and 23. (7. 32. 35.2.C

al (2 Hawt hor ne,

2001
Song €CMB/ Seoul, Kor44.(42. 4.06.04.0
(2019tPMF / 2015
CT ¥

JorgqueUNMI*X Santiago, 64.: 29. 6. &

and PMF spring

Rapper

k (20¢C

Wang €PMF Shandghaina 47. €¢41. 5.05. ¢

(2013) 20@2dDV10

Wang €PMF Nanjing, (38.¢23.37.

(2020c¢

Zhao e¢ePCH AP Jiangsu, -(15. ¢66. 12. 6.0

(2017)S° 2014

Guo etPCA/ AFHong Kong,41. ¢28. 16. 12.0. ¢

(2007) 20@2D 03

Yuan ePMF Beijing, (29. (39. 21. 4. 55, ¢t

(2009)
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An et PCA/ AFNanjing, ((38.¢£:t33 20. 2.:5.5
(2014) 20221012
Yang eNAQPM<PRDP> China31. 158 3.8 6.0
(2019)
Song €¢ePMF Langfang, 44.¢25. 24. 4. ¢
(2019c¢ Chinas202Q:
Cai etPMF / Shanghai, 25.(44. 15. 16.
(2010)MIR 20@M10
Zhang PMF Guilin, s¢28.:26. 35. 9. ¢t
(2019) China, 20:

O3 Far oocCAM¥ Texas, US#30.t19.7.5 14.28.0
al . (zOSAT? September
Zhang CAMx [USA, 2011 34.¢12.6. 4 15.30. 4
(2017)0SAT September
Coll etCMA®Y USA, 2030 18.:15.11. 2.2 7.445 . 4
(2018)1 SAM
Sar karPMF Kat hmandu 15.(0(23.5.020. 6.824.5. 2
(2017) Bagmati, Pr

Nepal 202@:

Yang eNAQPMSPRD, Chin¢39.(022.9. 38 10.18. 3
(2019)
KaramcCAMx [Europe, 2(31.¢11. 1.0 16.39. 4
dani €eOSAT [/
(2017)PSAY
Yuan e€ePMF Beijing, (12.£:22. 36. 19.10.
(2009)
Cai etPMF / Shanghai, 17. (065 9.09.0
(2010) 20@M10
Li et OSAT /YRB® China38.:35.0.2 22.3.5
(2016)CAMXx summer
Wang €eOSAT /China, 20:20.(033.22 5.92.%16.7
(2019 cCAMXx




SOA Sar karPMF Kat hmandu 28. 225.12. .628.3.70.
(2017) Bagmati, Pr
Nepal 202@®:
DunkerCMAQ Houst on, 134. (33.11. 5.5 16.
al(201'PI M September
summer
Jiang CAMXx Europe, 203. 3 13.42.41.
(2019:vB%!
P M von CMB Berlin, Ge9. 8 2.711.51. 2 4.
Schnei 2014 s umme
esser
(2018)
Kar amcCAMX Europe, 2024 . 117. 39. 19.
dani €eOSAT
(2017)PSAT
E I HacCMB Marseille,27. (7. ": 0.51. ¢ 43. 31.
et al . 2008 s umme
Waked PMF Lens, Frar6. 0 17.9.(013 19. 36.
al (2
Li et PSAT YRD, Chinell. €25.0. 6 27.1.E526 7.
(2015t CAMXx January
Zhu etCMB / Chinap20197¢13. 710. 2 3. 36 2. 13.
(2018)PMF |/
VOGs Song e€eCMB / Seoul ,2X0314. 76. ¢ 63.15.
03 (2019tPMF / 2015
CTM
Wang e€eOSAT China, 20:3.3 28.59. 5.91. ¢1.
(2019 cCMAQ
DunkerCMAQ Houst on, (3.4 6. . 0 7.873.
al (zPI M September

summer
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VOGs DunkerCMAQ /Houston, 13.4 1.:2.9 0.991.
SOA al (zPI M September
summer
VOGs Song e€eCMB / Seoul , Kor2.2 7.° 2.287.
PM (2019tPMF / 2015
CTM

Not2T:r ans poPrltnadtuis@Rrgisa ld;d Fuieha | ;e v a®Faired t icoonmiiBu ®tigiemm c ! Psoosuirtcievse. Mat |
Factor fQmdmiomal MaCheBakcahcdy a’nEsPpAd rst UMaond &Ir iModiepal Component

Absolute PrincipadlNe€omgoAent QB8adbi e¢y; PreeMadixéc muaon | Mcd elmie’mg aBy &
Comprehensive Air QualDrygndoB8elr wet Ap Ea t'iioenmmens tt yT eMoul nd Isccoy ;e
Model i ngl3Srytseagermgt ed Source APapbrtubamenMaMeeho8purlideolsappdrittiye

Basi sPsatr] RilWamgbDelet &ji ver Del t a.
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Ant hropogenic activities sucmagsacfeptctuhei ea
BVOCs and the for metriiovredofpodgl m&a@amhv@a@rc. M) . OA
i nFi gu3le BVdOCr i ved SOAs wer e possibly acce
precursomBshbdardsppl ant ati oosukcdoaef eéot pphéulied
of surrouiil&iamndg speaopTeee rael .wa s2 Ca2g0c)o # @ & rrhe |@btoeud

to biogenic and anthropogenic VOC emissions i
sca(l @so et . albh.an 2t0r2e0e)s, as a natur al strategy

puri fiemmatitend BVOCs which can z@inginiSfOIAcaomnlcg nit n

=)

ur b@Mamg ®raist aGene BaVIOCY pOdbBpchemi stry signif
t o IOgfcoalmati on, showing a positive c¢ ®@lreevledtsi,on
especi aNOsyatiunr attheed( Kait moestp haelr.e, 2 0.0TBan Sponothedt NEC
anant hropogeni ¢c VIO€Csal nB¥@@ontpuddwmmtspdlodOcti on

ankli ogeni ¢ S @ANuf certmaali Twhoen2cOe2nCt)r at i-d@&r iofe d SIPA

(7]

ignificantly decr exasnedd NWOxt he nri esdsu cotniso nbse cianu s &(

affected by sulfate abundance r(aXuheagt tadla.n, paAl

nterestingly, i soprenoidsp(par tzedukaniOoy aMT ® n
the canopcyanampyd delwrause of t hei (rFahriegsh eatt mals.p,t
Pall ozzi .€husa) .it 2046a challenge for plant se

emi ssi anpt @akne OandCd lofr an@ait & tonka re te xalmp,! €0 E2 )Y eet

al ., peopdbysed that BVOC emissions should be an
crops. Thiocshiivxemecgysermps were strong BVOC e
of BVOC per | ite®r aods faitelalpr,oda@®k3IBE ROS earrkd an

efficient agrof or elsetardy ettnroa o0 a g & obayn thsetmoierfjihntgs c ar t
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ecosystems and by producing r gnFeaeweaelrloe emateelr.i,
Gustavsson eTtakailng QiOn2gldao City in China as an
from green areas have been predicteemidatmmmge
vegetation might mit{iBaneeBVOEspbROMWPs t wd\B 4 &oe
t hat exotic plantfospedieapenes| commiar ed@8t o na
(Prendez .etThds,, mrROtlid)eems pedings spredi es with n
BVOC emissions would be selected to mitigate
reduce the biogeBOA, sdardocm®d roofp @ul ti vati on a

(Ti wary and. Kumar , 2014)

l.OA

i
S1: BVOCs and AVOCs, S4: inorganic ions, AVOCs,
0,, and NOx 0O;, and NOx

Anthropogenic influence

‘H\.

S3: oxidation products in

S0: BVOCs
aerosols

0.0 ’ )

0 0.5 1
Processed BVOCs
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Fi garo€ontrolling factors of BSOA formation co

influence and BVOC processing under four scen

(Mochi zuki. et al ., 2015)
Those invol wveakiing decitshiicsn atoédd smbet wersi déarr
benefits of ecosystem services. For exampl e,

or energy transformation woul dl e enpaskiecers f e cot i
incorporate BVOC emi ss(iGnusntiodtio eur badn.,| ®h0e2s0c; a
i mpl ementation of different management strate

at mospheric processeqncewhiheh coarcejnairmmat li yni moff |

oxidation products. Climate models and at mosp
these interactive processes. However, these m
with emi 4dsi.0M modigl ing system for mbdelt vngg

at mospheric chiesmi palompsiocgsgsiesection for fut
incorporating current <c¢limate model s, would r
with its direct and indirect i mpacts. As such

can expfagmee roemdline feedback on atmosphere veg

model s and BVOC emi ssion models, an index syst
and negative |imphcstsbedotbdmalpipregsti depi anbnse
environment al management .

102



3.8ummary

This asptpuldiyed Ci t e Stpam can alnydz eC aaBr\WOtGr | esmiad 5 aztea dt h
studies published in jouBY@Csemmiessveens 1804 al
at mospheric chemi sThg maidnchotmB\WeE edmipscd isadred
driver s, B VoOxCsd aatnido nt hperiord t mbs phaer bi esphange ar
pl aritcr obe i.@Gererxltli wynsBVOC emi ssions were aff
solar radiation, humi d &,edact.aicami laictty asf brou
source of BVOCs through variousmpeorndt pre,ceshd,e
and soil moi stur e. Ant hropogenic activities

formati ormeafi vBBMIO® 0 I3] uS @A,t sWinteeh. RMB,et @ nst udy of

emi ssions, research hotspots amrder édo@adch of va
From the detected besgéhiscolfiydi t@aarnoon bamdtiss

been the most significant research hotspots o0\

ncreasing attention from reseasearecls BSomices
AMVOCO havelhemerged some new direct,iosaisch nasB
BVOC sesmions fsrodrmh pelcaorsty-d e e msed Bl OfCd tud raanlt sa n tainw
originatingl hcompPB¥OCeag BVOC emi ssions and t |
bi omass, and energy i nto env-mabkbhninsg nd alpr on@minsig
diredthieordindings of this studyYepah pnder déane
BVOC emi ssion mechaaksems, wahtd desighbses on em
environment allh enasncaigeennteonnte.t ri ¢ hasalsysidy camdbhet
the subjectivity and bofakcercomplaolidstioccamndi ga

previous BVOCdertuidfiye st heanrdesearch gap and fut
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CHAPTERS&SESSMENT OF BREOKEBMNITOED FROM CROPS
DURI NG GROWI NG SEASONS

4. Background

Me OHs typicalmoystt lpd emdddmd iVOQ,heafrteemot@®H t r op
precursor of OjtHCECHO®, bandeDated to harmful o:
deteriorationfBiamhyr leanaidegi @®4I8n;, |Weslsl spoeltl uatle.c
MeOldan react with AOH, reduce at m@Bphéetc mex
(Caravan wetltalcan 2®I189g act as a precursor for
and increasel abdudomeearnss atsCaoin entucdle.i, (2Z0CIN); 20
et al ., Dael1i7vp its plenitude and Me®®WdHalsi fasmt i m
i mportant i mpact on air qua(lGaryav ahru neatn ale.a,l t2hQ,
2017)Bi oieeOEinti ssi on from plants iMeOfdagrciomarty ng
for 189D% and it generally exceeds emissions o

above a variety OHadli éyeeenal eco8@987 epmBei kes

Previous estimates MaeOdEMi ssusad promarfiolresos
exampl e, sever al studi es hveevOad ne sstsiinonant elda stehde
empirical al goGu @ mtmse mp r @ip@asliebda IblyY 9& 1N d. Klihresstel n €
esti mates havedfrnomed@Oco@WwBadr @glneran of appro
TglyyMHarl ey et al ., 2007, St aHwrvaek ceut patl 0. p b(s2e0d0270)
that cel |l wal | expamce grovaenmaah ¢ NMedEmalsme easd dbd O
pl achursi ng t he.Bgrruonwiienrg estteaaghevd i( B@10&t) ed MehOeH t e mp «

emi ssions from grasslands according to a si mpl
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However, croplands cover a significant propor
negligible isoprene emitt eMesQH CQuhsetye rmaayn db eS cah asdi
Wheat was selected for this dDtawcky udua ntgo fiotrs 1
t he gl obal (dWIOL iovdatteé8db eacraeuas e i-gr owi mgeciodps han
Me Old mi t(tMazaf far AlBadygh crops such as wheat
sour Me Oplft herenf er matareae negarding its emissi
mechanisms from a crop ecosyst®mzanf darmie QRI6Wwe)
studies h3Me©Oeimessiumwead from wheat in chamber e:
For ex@ompdze,et melasu(frz2@l B)VOe QH rearli ,sksiimgns f r om
the pbéaat using dynamic automated chambers o
duri ndg rai pfenibBagc hpyerdtoddlser ¢ 2 d 2s@cad sey sBVe@@ g ( i nc |
MeOH fluxes over a winter wheat field through

covariance method without distinguishing plan

To dat e, t hough, no s peciMeiOds paaming snigo nt hrmo dceil
devel opmental stages has been proposed. The e
extends these pr efvoirouBsV GOnpeimiiscsailo nnso dté&la sehnyc oertp a
al ., 2016; Guent her et. aBbome2théReoBSbhognrn&kalu p
ambient temperatur e, precipitation, solar rad

crop biomass and .enTihses ipounr paocstei voift yt hfea cptroers e nt

emi ssion model to simulate tempMe@Hmids sfifeermrse na
spring wheat in different stages during the
sensitivity in emission estimates,; (Me)OHquant
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mi ssions; and (4) expl orMe Odired railratp winlsithti gprst <
eeks to fill these gaMeOBWMI medehsnffromoespt he
arious devel opmental stages. Moreover, it sec:¢
Me OBEmi ssion from spring wheat or other crops

e used to develop appropriate strategies for

.Met hodol ogy
. 2T.hlee. gener al p rMecCeesnsi sosfi omi ofggeonmi cspri ng wheat

eriod in Saskatchewan

The Canadian prairie province of Saskatchewan

©

recipitation varying greatly between seasons

O million acres). This proxvinmmde |liys 3t0R® It ar ¢Cee
roducti on, including spring wheat, which is
0% of crop production. I n 2018, the total S

pproxi mately 8.umtminlg ifoonr tlo8n% eosf, Saacsckoat c hewan
anked as the third contr(Gavernmamct paf fThaen ad 3
ropping area in Saskatchewan is mainly in thi
he southeast to the northwest, the crop ar e:
eeding of spwa&ngoWhGoavteerdinme2n0tl 8o0f Saskat shawan
o be evenly distributed d&magdi(ed)h.e Tche pn dritshe
istricts have a comparatively higher seeding
D13), while no seedings are seen in D4 and D

ata ar ¢ Goolelrenateend of CamMamdbaag 20E6;172CX D) di
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(Tmean AC) , MWii,niA@)m (andmasmakC)mudnai(ly air temper é
radi & i WL and mean daily wivndhfisgaaed gaetn ea ah d iy
to increase when moving from the northwest to

the mean dailPy mm)leci pet aRH o &) bH umindli tdye wpoi nt

(Ts, AC), oFs gsulir@wn. i n

Tinean (°C) |
[]137-1418 Tonax (°C)
[ 114181468 13

[ ]1468-1516

] 15161554
] 15.54- 157
B 157-158
[ 153- 162
W i612-1636
B 5361652
W 1652169

[ ]203-2086
[] 2086 - 2156
[a156-2236
[ 2236-231

B 23.1-232

B 22-233

B 233-2334
W 332-24
| Iy
W 2242- 245

R [— ®
17 I*\_,
1 16
T, (°C) ' s | oM
[]s52-55 !
[]55-642

[]642-858
[[]6se-626
[ 6.5-73
B 73-754
W 7s54-772
W 772-788
[ REEST
W2

Rs (Wh'm?)
[] s105- 5229
[ ] s229- 5342
[ ] s342- 5508
[] s508- 5555
[ 5555 - s600
[ s600- s662
[ s662- 5634
[l 56045736
Il 5736 sem0
1l 5270 5956

s |
P (mm) v(m'st)

Hoo s [[]34-236
[]o7-082 52.7 - 55.36 3'56' '33
[]oe2-00¢ 5,30 - 5546 56 3.
[ o9s-1 55.46 - 56.42 3.8-3.88
|:| 1-1.2 56.42 - 58.08 3.88-394
M z-1682 58.08 - 59.9 3.84-4
2172 59.9- 60.72 4-422
Woins | z‘;;’é :é-:ﬁ :.;2 -4 43.3
o200 65.6 - 6668 43-45
W 2-26 66.62-71.1 45-46

Fi g4r e Seeding area of spring wheat and meteor
in Saskatchrowainng ust ages i nA20d)8;. (m) Meadidhai

temperTaetamr € ;( (¢c) Maxi mumTuhai |l)y; a(d) tMdimpiemamud
107



temperTaitrur p; ((e) Mean daiTgy d)e,wp@fi)ntGltemplersadl
(Rs WHLm (g) Mean dRi lmm)pr € ci)p iMeatni aRH (| %) r el at

(i) Mean dai l-ny hweiwgdhié.s(eed at 2

Al t hough crop residuel deedmpmsssi on phdnemeha

the spring, summer , and autumn (&hiilett,md . s 0i2
emi ssions from the | eaves during the MerOQHwi ng |
emi ssion by spring wheat. The growing season
to September 17, 2018, for t he present stud

(Government of SasaKkdthohgwan he2Gle&)ing and har
among the different crop dpsingcwheathgegeowi
into seven st@GPayw7) geem&rDagsitde , ( tT:DayeABdL2hg (

headH:Dgy & 0) , f IFdDagrl9 In)g, (yi e | YAED&a @ 2ln2a6t)i cam d( r i p e |
(RDay 274 OF)i gu) e During the growing period, sol
genehalghgr in the T, H, F andSEF &tchgwelsi Iteh aanl

met eorol ogical variabdteasgeare at a high | evel
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Fi g442 eChanges in meteorological variabl es
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