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Soil urease and,catalase responses to ozone pollution are affected by the ozone sensitivity of

wheat cultivars
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Abstract'Understanthg the effects of elevated;QEO;) on belowground processich asoil enzyme
activities,is_essential tcevaluateplant physiological reaction and soil procesge.g. carbon and
nitrogenstirnoverunder predicted increases atmospheridOs. In this stuly, Oz-induced changes in
soil ureaseYA) and catalase activitie€TA) under two contrastingzheat cultivar§O;-sensitive vs.
Os-tolerant)were investigatedsing afree-air O; enrichment (QFACE) facility in China EG; (60 ppb
compared tal0 ppb in amient O;) generallyincreased UA under thezQolerant cultivar buteduced

it under the @-sensitivecultivar for different soil depths and growth stagescontrastthe effects of
EO; on CTA werenot consistent, and varied with soil depths and growdlyest These results suggest
thatthe:Os=sensitivity ofwheat cultivars playan important role in determining the effects of i
soil enzymeactivities The contrasting responses of stiA and CTAto EQ; may dter the effect of

projected increase indpospheric @on soil carbon and nitrogen turnover.
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Abbreviation

O3: ozone

EO;: elevated @

AO;: ambient'@Q

O;FACE:freeairOz enrichment

UA: Soilurease

CTA: Soilscatalase

I ntroduction
Tropospherici@is predicted tancreaseby 4070% by the year 210fom thecurrentlevel of 25-40
ppb in the"Nerthern Hemispher8iéwas et al. 20082eng et al. 2008 The arrent tropospheri©s
concentration magndanger terrestrial egatemsthroughredudng photosynthetic rategrowth and
biomass production in many crograssandforestspecieWang et al. 2004Cao et al. 2009Ashmore
et al. 2006Kou et al. 200pand ecosyster® storage(Loya et al. 2003Sitch et al. 2007)Iit has been
widely‘reportedhatO; exposurealters the ratio of root to shodtiomasgGrantz et al. 2006Chen et al.
2015 andbelowground C andll allocation (McCrady and Andersen 20@Gnervaet al. 2006Kou et
al. 2012) This could affectsoil propertis (Kou et al. 2014) andstructural and functional aspects of
soil biodiversity, Dinesh et al.1998, Andersen, 2008 rough changing nutriendynamicsin soil
profiles (Kou etial.2014 Wang et al. 202)7and soil microbial community (Sami et al. 20038 et al.
2012 Bao et al. 201p As soil processes are driven by soil organigeg. enzyme, microbiabnd
their interactions with plants and soil abiotic condisio®; pollution has the potential tinfluence
belowgroundorganisms mediating these processe

Soil enzymas a sensitive indietor of soil qualityandmay provide early warning signalsriesponse
to climaic and environmemt changegBurns and Dick 2001yia soil biochemical proces&.g. Cand
N cycling) regulatedby enzymatic reactio(Li et al. 2008. UA andCTA are important constituents of
soil hydrolytic and oxidoreductase enzymesspectivelyUA is one of thekey enzyme that affect N
transformation in soil(Burns and Dick 2001 CTA reflects soil health statugh response to
environnental stressthrough decomposinghydrogen peroxide in soiland is involved in humus
formation (Burns and Dick 2001 However, the influencesof O3 on soil enzyme are not fully
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understoodTo our knowledge, studigbatrepored on soil enzyme response t&O; from wheat (Li
et al. 2008 Zheng et al. 200Huang et al. 2013hen et al. 2005 green vegetable (Shi et al., 2016)
andponderosa pine (Scagel and Andersen 189%)emswere few and showeihconsistenfindings
Only four studiesreported thathe response of UA to EQwas either positivéZheng et al. 2009),
negative(Scagel and Andersen 19%hi et al. 2016pr neutral(Huang et al. 2013)he effects of EQ
on CTA were“generally positivat the wheat latgrowth stage(Li et al. 2008 Zheng etal. 2009) The
limited knowledge orEQs; effectson soil enzyme (UA and CTA) iagroecosystemrestricts better
understandingn soil belowground processes and C and N cycles in resmpopissglictedfuture higher
tropospherids environments

Wheat (riticum aestivum L.) is sensitive toO; (Feng et al.2008). EQ was found toreduce
photosyntheticratef wheatand acceleratéts senescengampairing growth and yielgBiswas et al.
2008 Feng'etial. 200&ou et al. 2012 However,compared to @toleran counterpartsQs-sensitive
winter wheat cultivarshowedarger reductiosin antioxidative capacitydark respiratior{fBiswas et al.
2008) photosynthetic rate, stomatal conductaricanspiration rat¢Cao et al. 2009)grain yield and
individuahgrainmasg(Zhu et al. 2011)This intraspecific variation igrowth response to EQvas also
observedn the quantity and quality & assimilatiorallocatedto belowgroundcomponentgMcCrady
and Anderser200Q Kou et al.2012 2017. Li et al. (2012) foundhat the Q-tolerance of cultivars
affected the component of bacterial and fungal based soil microbial food M@sver, Chen et al.
(2015) reported thathe Os-sensitivity of cultivarsaffeced wheat biomass allocatioabove and
belowgroundN uptake ad soil N contentbut notthe nitrifying and denitrifying engmes at the
ripening stagelt is however unclear wheth#redifferentialabove and belowgroundesponseso EO;
betweenO;-sensitive and G-tolerant cultivaramay further influencesoil enzyme(e.g. UA, CTA) in
differentsoilkdepthsand growth stagedVe thereforenvestigatd the effects of EQ on UA andCTA in

soil grown with©s-sensitive an@;-tolerant wheat cultivarsnder @ O;FACE fumigation system.

M aterials and methods

Experimental e and ozone fumigation
The experimentakite was located in Jiangdtity, Jiangsyprovinceof China (32°3%” N, 119°420"
E). The region’s mean annual precipitati@md annual temperature aB80 mm and 14.9 °C,
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respectively The soil is classified as @hajiang Aquic CambiosolCpoperative Research Group on
Chinese Soil Taxonomy001)with a sandyloamy texture, with 3.6%clay (<0.002 mm)bulk density
1.16 g cnt, SOM 18.4 g kg, total N 1.45 g kg, and pH 7.2(Kou et al.2014) An O;FACE
experimen wasestablishedn 2007 (Tang et al.2011) with continuousO3; exposure from March to
November each year duritige crop growthperiodin a rice Oryza sativa L.) -wheatrotationthat has
been usediin‘thistlocatidor over 100years. Winter wheat was sowin November and harvested in
May of the next yearwhereassummer ice was transplanted inJune and harvested in OctobBio
additionalsorganic matter was incorporated the field exceptiderwheatresiduals Three octagonal
rings (14 mein“diameteryere maintained at meanO; concentration 060 ppbfrom 9:00 am to 18:00
pm each dayexcept for rainy dayghereinafter referred to @0O3) and threecontrol ringsat 40 ppb
(hereinafterreferred to #803) were usedAll of the rings werdocated> 70 mapartto avoid O; cross
contaminationTwo winter wheat cultivargiz. Yangmai 15 (Y15) and Yannong 19 (YN19), knoten
beresistant andensitiveto Os; (Zhu et al. 2011)respectivelyweregrown in two subplots(82 n?) of
eachexperimentating since 200@. This study was conducted during the wheat growing season in 2013.
Nitrogen (urea), phosphorus (superphosphate) and potagsitasgium chloridewere applied as 478
kg hat, 625 kg ha' and 125 kg hd, respectivelyNitrogen fertilizer was applied prior ®owing, at
the jointing stage, andt the booting stage of wheat @ratio 5:1:4. All phosphorus and potassium
fertilizers were appliedprior to sowing. Field managementlosely fdlowed the local agronomic

practices

Soil sampling and analyses

Soil sampleg0-5, 510 and 120 cm)were collectedht the jointing stageApril 16), the heading stage
(May L)andthe milky stage May 23. Each soil sample wdsmogenizedrom eightsal cores of 2.5
cm diametesampled atandomlocationsfor each plotFreshsoil samples were passed through an 8
mm sieve andtored at 4C until further analyse4JA andCTA were analyzed btheindophenol blue
colorimetric method anthe potassium penanganate titration methprespectivelyaccording tdBurns

and Dick (2001)

Statistical analysis
Statistically significant differences were identifibg analysis of variance (ANOVA) using SPSS 11.5
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software (Windows version 11.5; SPSS inc, Chicéligoand Tukey's HSD tesatP = 0.05.

Results

Soil urease activity

UA generally“increased with soil depth, regardless of cultivar pcdhcentrationit also increased
with growth stage, except for the wheat cultivar YN19 grown uAd@; (Fig. 1). EO; increased UA in
the plots grown,with Y15, but decreased ittire plots grown with YN1%crossall soil layes and key
growth stages; respectively, except faynsignificant negative effect déhe 1620 cm soildepthat the
milky stage(Fig. 1, Tables 1 and 2. Specifically, EO; significantly increasedJA by 1345% inthe
0-10 cmrlayerin Y15 but significantly deaeasedti by 626% in the 620 cm layerin YN19 at the
jointing stage’At the heading stag&O; significantly increasetlA by 23-48% in the 620 cm layerin
Y15 butsignificantly decreasedit by 825% in the 610 cm layerin YN19. At the milky stage, E©
significantly.increasedJA by 4550% in the 610 cm layerin Y15. For YN19, EQ significantly
decreasedJAby 7-19% in the 610 cm layerbut significantly increased that by 19% in the-20 cm

layer.

Soil catalase actiwjt

CTA responses. tBOs; werecontrolled by cultivar, growth stage and soil defily. 2, Tables 1 and 2)
At the jointing stageEO; significantly increased CTA by 13% and 6%tie 1620 cm layer in Y15
and YN19, respectively, but only significantly decreasd&y 22% in the 5L0 cm layers in Y15. At the
heading'.stage, EQsignificantly increasedCTA by 649% in the 620 cm layer in Y15 EQO;
significantly=increasedt by 33% and 40% in the 85 cm and 1620 cm layes, respectivelyand
significantly decreased by 15% in the 5.0 cm layer in YN19. At the milky stage, E®ignificantly
increasedCTA by 34% in the & cm layer and by 36% in the -BD cm layer and significantly
decreasdit by 28% in the 510 cm layer in Y15EO; significantly dereasedCTA in the G610 cm layer

andsignificantlyincreased iby 42% in the 1€20 cm in YN19.

Discussion
We found thatheresponsgof UA, an enzyme involved iN mineralizationto EO; were affected by
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the Os-sensitty of wheatcultivar. This indicaesthat wheat cultivars would play an important role in
determining the effects of En soil UA andits regulating processe®/hile soil enzyme aremainly
associated witlmicrobial and plat C sourcegBurns and Dick 2001 the Os-sensitivity ofthe wheat
cultivar affectedthe quantity and quality & input to soil (Kou et al2012 2014 andsubsequentlyhe
soil biota(Lietial. 2012 Baoet al.2015 in response to E© Sincethe CandN assimilation allocabn
betweerabove and'belovgroundwas affected b¥O; (Kou et al.2012 2017, McCrady and Andersen
200Q Chen et al2015, theintraspecificvariation inOs tolerance(Zhu et al.2011, Huang et al2013
altered thesubstrate availability foenzyme via plant and microbiaC resourcesin particular, he
contrastingeresponses ORA to EQ; (Table 1)were consistent with the findinglsat EO; increasedhe
ratios of root to shoot biomassdmicrobial biomassn Y15 but decreasethemin YN19 (Kou et al.
2012 Zhangetal. 2014 Bao et al.2015) The activities of UAcould reflect soil nitrogersupplying
capaciy (SNSC) (Burns and Dick 2001 Our findings suggest thatSNSC via organic matter
decompasitionunder elevated ©environmentsmay be enhanced an Os-tolerantwheat cropping
system but reduced an Os-sensitiveone

Unlike WA,,CTA responses to EOn each cultivawere not consister@mong soil depthor growth
stagesThis impliesthat CTA was affectediot onlyby enzyme sustrateavailability but also byther
factors.As"an oxidoreductas€TA is also affected by soil environmefabiotic factory such as the
redox potential(Burns and Dick 2001 Since the sources ofCTA via assimilationof resources
(McCrady,and.Anderse?000 Kou et al.2012) and soibrganismgLi et al. 2012 were changed under
O; stress,the differences in CTA at different soil depth and growth stages underniight be
attributed tathe differenial responding mechanisof the twowheat cultivarso EO3 (Kou et al.2012)
and soil ‘reducing conditiofChen et al2015) The positiveresponse$10-20 cm layer)of CTAto EO;
in bothscultivarsvould increase the capacity bfydrogen peroxiddecompogion, decreamg the toxic
effects onsoil biology (Wangand Feng 2006)The nore negativg0-10 cm layey responsesf CTA in
the Os-sensitivethan Oz-tolerantwheat system@dicates that growing anOs-sensitive cultivammay
decrease thability of hydrogen peroxiddecompogion, which mayincrease theeduchg condition in
theupper soil layeandOs-stresgo the plants.While CTA is highly associated witkoil organicmatter
content as isUA with N mineralization(Burns and Dick2001), the contrasting responses of UA and
CTA to EQ; between theDs-tolerantand G;-sensitive cultivas would likely affectsoil C and N
cycling.
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Conclusions

Our findingsindicate that EQ canaffect soilUA and CTAin wheat croppingystemsbut the effect is
strongly dependent on the;@ensitivity of the wheat cultivarThe responses oUA and CTAto EO;
were mainly=positivdor an Oz-tolerant cultivarbut negativefor an Oz-sensitive cultivar. This study
highlights the need forfurther investigation a the impacts of @ on soil enzyme activities to better
explain thebelowgrownd processeassociated with C and N cycling ungheojected risingropospheric

Os.
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1 Table (12):
2 Table 1 Significances of elevateds@ffects on urease and catalase activities in soils under winter wheat

3 cultivars Y15 and YN19

Soil depth  Growth stage Urease activity Catalase activity
(cm) Y15 YN19 Y15 YN19
Jointing stage  (+) * )= ) -)
0-5 Heading stage  (+) ** O~ (+)* (+)**
Milky stage (+) ** O (+)** )
Jointing stage  (+) ** () * ) * )
5-10 Heading stage  (+) ** ) * (+)* )
Milky stage (+) = () ** () * (SN
Jointing stage  (+) )= (+)* (+)
10-20 Heading stage  (+) * &) (+)** (+)*
Milky stage ) (+)* (+)** (+)**

4  (+) and £) refer to the positive and inhibitory effects of elevatedo® enzymes activities:, **
5 indicate significant difference at P< 0.05 and P< 0.01, respectively

6  Table2Analysis of variance for urease and catalase activities in response to eleyated O

Urease activity Catalase activity
Variable'source F value P value F value P value
Os 13.376 <0.001 369.139 <0.001
Cultivar«(C€) 0.417 ns 4.104 0.046
Soilidepth(D) 258.775  <0.001 949.539 <0.001
Stage (S) 30.145  <0.001 38.889 <0.001
O C 74.566 <0.001 4.899 0.030
Ox*D 0.073 ns 325.61 <0.001
03*S 3.479 0.036 153.942 <0.001
C*D 12.001 <0.001 18.599 <0.001
C*S 4.387 0.016 2.017 ns
O;*C*D 20.375 <0.001 40.13 <0.001
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O;*C*S 1.838 ns 14.435 <0.001
C*D*S 3.502 0.002 37.791 <0.001

O;*C*D*S 1.387 ns 26.943 <0.001

7  nsindicates no significant difference at P< 0.05.
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