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1. The Antecedents of Research

To date, global climate change is one of the mmesbus challenges for mankind. The fact of
climate change — and the role of the anthropogkaior within — is more and more justified
by observation and research. Today, climate ahangbodies a double challenge.

On the one hand, its serious consequences camelenped by reducing greenhouse gas
emissions, and, on the other hand society shoudgbtai its effects. Hungary’s mid-term
climate policy, the VAHAVA (Hungarian acronym foh@nge — Effect — Response) has been
elaborated on a scientific basis, as being onehef dctors in its preparation. We laid
significant stress on that the National Climateatygy (NCS) should take into account the
possibilities of adapting to the effects of climat@nge, even in the field of agriculture.
However, besides the determination of the mid-taasks, scientific research has an
enormous role in providing help for the farmersoifsetting the adverse effects of global
warming as well as in the preparation of the nesngsand possible adaptation, in a way that
the adaptation procedures should be adjusted to¢héconditionsl{ang 2006).

With the help of the regional scenarios of globalrming, the Well Applicable Simulation
Model, the research using the available plant anetearological data in Keszthely,
conclusions can be reached even for the end afahtiry.

The aim of the examination

Our research goal was to present the changes expiecthe conditions of maize production
under changing climate conditions for the perio@@71-2100.

Micrometeorological simulation examination was usedletermine the effects of changing
CO, concentration as a consequence of climate chamgeming up and the difference of

precipitation supply to the plant vital processemaize.

Our goal was to provide local level informationarder to start the preparation for preventing

the expected adverse effects in time.



2. The materials and methods

During the past decades research of special mioratd and canopy climate showed
significant development. This resulted in theowdtmnodels simulating physical processes and
gained ground beside the former prevailing empiraggproaches. Our model, a simplified
version of an existing system (e.g. a plant or pghas able to emulate the behaviour of a
more complex real system. The model also provigespgportunity to examine the elements
of the system individually or as a whole, and titofw the selected characteristic(s) embedded
in a real system, in a complex way. The model adpliy us was the PC-executable version
of the newer editionGoudriaan and van Laad994) of the CMSM (Crop Microclimate
Simulation Model) byGoudriaan(1977). This is a physical model, therefore itplegation
required no adaptation.

Nowadays a lot of Hungarian and foreign studiesehasen elaborated on the impacts on the
vegetal vital processes caused by global warmisgyell as one of its source, the increasing
level of the atmospheric G@oncentrationNlihailovic and Eitzinge2007,Mera et al.2006,
Anda and Kocsis 2007, eicScenarios with doubled G@oncentration try to give a picture
on the expected (even positive) changes at diftdexels (from global to local) and try to
outline an expected result for different plantsnetimes even positive changes. The technical
literature interprets doubling of G@oncentration as two different values and theeefaro
different expected occurrences. According to trendard interpretation the double £0
concentration is 560 ppm, namely double of the 28&, the value of the period before the
industrial revolution. Its realisation is expectaetween 2050 and 2060 as a function of the
international emission reduction agreements, thevations in technology and energetics as
well as the world economy’s growth. Another intetation considers 760 ppm, double the
figure of the current atmospheric level (~380 p@® ) target function; the different scenarios
take its expected occurrence time to about 210&ter (PCC, 2007). In our scenario the
latter concept was applied. With the scenario daglbnly the CQ concentration we wanted
to quantify the local positive effects of globalnwang.

The expected temperature due to its uncertaintyigeed in two different ways. Global
warming is expected to increase between 1.1 and®.#b 2071-2100 in the latest IPCC
report. According toMika (2007) a multiplying factor of 1.4 should be apgdlifor the
Hungarian version; it refers to the higher weatb@msitivity of the Carpathian basin. In our
study the higher frequency of the extreme weathenpmena was also taken into account; by
using the highest value of the IPCC forecast (€¥ds well as the increased sensitivity of the



Carpathian basin (multiplying factor: 1.4), resudtiin two local scenarios, respectively. We
used thelPCC Fourth Assessment Repd007) and the results of the Global Circulation
Models relevant to Hungary, based on the work8aitholy et al. (2007)In the case of
precipitation forecasts the results of the indi@dGCM runs were very different, in some
cases even the signs of the changes differed. Du¢hé uncertainty, exceeding the
temperatures in the precipitation forecasts, wd kress on analysing the changes in air
temperature without ignoring the changes in préaijon. The applied scenarios contained
the most probable precipitation forecasts for Hupga

The aim of the thesis was to determine the efféth® change(s) in plant characteristics on
the basis of the values of global warming releventHungary. The model is based on
energetics providing a new approach in the anabyfsike plant vital processes. If the energy
consumption of the canopy changes, it will affdbpkant vital processedMera et al.2006).
Early maturing Norma SC maize hybrid was used #testiplant. Based on eight scenarios,
our analysis ranged over canopy inside air tempesatplant temperature, stomatal
resistance-evaporation, carbon assimilation asagetlevelopment of the energy consumption
of the canopy.

Input data and parameters derived from the Agroomelegical Research Station of
Keszthely (46°44'N; 17°14’E; 114.2 m above sea lleMaput meteorological elements were
provided by the QLC-50 type local automatic climaseation equipped by Eppley
pyranometer. Similarly to the meteorological inpw® used the principle of analogy in the
case of the input plant data of the given scendtidhe input plant data we chose a month —
an average July — being analogous with the weathiee simulated, where the data on maize
and soil moisture were the same or almost the santbe values of the year to be simulated.
For this we had about a 30-year data series foiumedarly maturing maize. Out of the eight
scenarios one showed the control basic run of #@og@ between 1961 and 1990, one
examined the changes of the recent past, and anmtkeeanalysed the impacts of the double
CO, concentration. The remaining five scenarios cowigidifferent degrees of warming up
beside the double G@oncentration as follows: scenarios with +3.88+46.0, and two with
+9.0° C; the latter two differed only in the quaytf precipitation. One of them assumed a
more moderate, while the other one did a more wigedrying. For evaluating the results of
the model runs we used a matched t-test that wesrpeed by the STATA 5.0 (1996)
statistical program package. This process reduweswo-sample t-test to a one-sample test,
in order to eliminate the possibility of repetitiafi the model runs (or standard deviation

calculation). The test compares the mean valuehefsample to an expected one value.



According to the zero hypothesis if the mean vabfighe differences is 0 then the two
samples are statistically the same. If the meanevaf the differences does not equal to 0O,
then the two samples are significantly differertteTsignificance level was set at 5% in the

process.

3. The results

3.1 Development of canopy inside air temperature

In the place showing results at the corn-cob lewlere vital processes are most intensive,
the increased outer temperature has increasedattogy inside air temperature. The degrees
of the warming up were not significantly differefifom the sun’s altitude, though at the
warmer scenarios the time of the development ofimam temperatures has generally been
occurring one hour later, at 3 pm instead of 2 pm.

Keszthely was not unaffected by global warming et 1997 and 2006 as regards the
canopy inside air temperature. During the comparib@ canopy inside air temperature rise
at corn-cob level followed the rise of the outemperature compared to the 1961-1990
climate normally serving as a basis in many reseacit was significantly 0.6 °C compared
to the average of the years between 1961-1990n average July day.

Doubling the outer C®concentration (the single input parameter outhef inputs of the
basic run (1961-1990)) has significantly increageg 0.3 °C) the canopy inside air
temperature at corn-cob level; this indicated tirawdating impact on the closure of pores by

the higher C@concentration on the movements of stomata.

The comparison between the results of the two aitBCC origin shows that the connection
of warming up and doubling the G@oncentration together interacted in a way indgi@n
“milder” change in canopy inside air temperaturehisT corresponds with the former

experience oPrasad et al (2006).

At the last two, increased (but not extremely iasexl) global warming scenarios the
compensating effect of canopy on the air tempegastircorn-cob level endured, however it
strongly depended on the humidity supply. Assunhsg decrease in precipitation (-10%) the
presence of the canopy could mitigate the 9 °Crowegming up by 1.2 °C. This is likely



owing to the stronger shadowing effect of a lagyeen surface, which could be developed as
a result of the better water supply. If we connibet warming up of the abovementioned
temperaturewith a more significant decrease inipitation, and we analyse it assuming the
presence of a lesser shadowing green surface wgeith this, the compensating effect is

immediately halved, to about 0.7 °C.

3.2 Development of plant temperature at corn-cob level

With regard to the plant temperature and corn-evell air temperature, our results were in
accordance with the communication on maizeAbga and kike (2006), where very similar
changes of the two temperature values were repdpladt temperature measured at corn-cob
level showed a moderate rise when doubling the @fcentration; it showed a significant
increase of 0.2 °C (daily average) being independiem the time of the day. It is in
connection with the effect of the increased,@0Oncentration that narrows the stomata and
lessens evaporation; it results in a slight inaeasplant temperature due to the lack of plant
cooling.

The corn-cob level plant temperature in the repast — similar to the air temperature — rose
significantly, by 0.6C (daily average), but this difference comparedht® basic run (1961-
1990) — contrary to the corn-cob level canopy iesat temperature — was varying daily by
nature.

The rise in plant temperature determined for thewrdiwaling of A2 and B2 scenarios for
Hungary did not reach the value of the outer wagnip simulated for the run, namely the
plant temperature compensating effect of the carogpybe obtained, similar to the canopy
inside air temperature.

In the case of lower simulated warming up the degifecompensation is lower, only a couple
of a tenth °C. A2 scenario brought the psycholdglmaakthrough after which — with
simulating a warming up of a higher degree (fronf@ up) — the plant temperature
compensating effect worked but it was less thandigree found in the canopy inside air
temperature.

The effect of the presence of the canopy that atitig the increase in inside plant temperature
compared to the increase in outer temperature edeegen in the case of the last two
scenarios, namely depending on water supply. It &s°C at the scenario with better

precipitation supply, and only about half of itbGC in the case of the drier treatment. The



plant temperature compensation of the canopy, heweld not reach the canopy inside air
temperature compensation at corn-cob level. Theenmdensive plant temperature increase
compared to air temperature refers to the incresgeds-condition of the plaririda2001).

On the basis of the simulation analysis performe&eszthely it can be asserted that the
warming up increases plant temperature, but noth® same extent as the outer air
temperature rises. The presence of the canopytlgliglompensated the rise in plant
temperature, even at simulation with rather highmwag up. Compensation degree depended
on the water supply, too.

A better water supply brings more intensive develept of the green surface so provides a
stronger shadowing effect; this also affected theetbpment of plant temperaturBidssy
2008).

3.3. Stomatal resistance and evaporation

In each scenario the daily average stomatal resistaignificantly increased compared to the
index of the period of 1960-90 used as a control.

In the recent past during July the average valugtarhatal resistance increased significantly
by 14.6%, probably as a result of a higher tempeeadnd less precipitation.

As a daily average, the doubled external,Gfas concentration itself narrows the stoma
openings to about a half (47.9%). This effect isrewmore intensive (above 60%) at a low
solar position, mainly in the morning. Environméntactors are jointly present in the
proximity of the plant, so their effects emergamintegrated way, too.

In the two runs with IPCC scenarios the daily agerstomatal resistance values did not differ
statistically either from each other or the resis@of the scenario doubling only the £0
concentration. This shows that the stoma-narrowifert of the increased G@oncentration
can also be produced by the modification of otmtrenmental factors (e.g. change in water
supply).

According to some previous observations, July wittemperature above the average — even
with unchanged precipitation — goes together watts|leaf area production. The incidental
lack of water would even aggravate the growth depoa of maize.

The basic run was the treatment with lowest stohmasistance with regard to the unit green

surface of the canopy. This value has risen by nfwae 30 s/m during the period of 1997-



2006. Taking the leaf area index as being constanan be unanimously attributed to
warming up and precipitation decrease. In the lonadf the investigation doubling the GO
concentration resulted in an increase of 47.9%amatal resistance related to unit leaf area,
having all other external factors unchanged. A rggravarming up associated with a
significant precipitation decrease, according ® thost extreme (last) scenario it would even
double stomatal resistance related to the unitngaeea.

Neither the daily nor the monthly average transgmmawater loss has changed in the past
decade. Probably it is the joint consequence oirtbeeased atmospheric @@oncentration
and the tendency of a precipitation decrease in. Julwve double the 1961-90 level of the
atmospheric C@concentration, the evaporation decrease due todh®wing of stomata is
about 0.5 mm in the daily average that is equivaiea modification of 14.3%. (It represents
a monthly amount of transpiration water decreasd®fmm for the whole of July.) The
intensity of water loss is larger in the case @nsrios with an air temperature increase of 9
°C, if there is enough available groundwater, ngmael the case of moderate (-10%)
precipitation decrease (29.9%). In the case ofilehsmidity decrease of 30% the increase in
evaporation is much smaller, 13.7%, since in tlasecthe lack of water was probably a
serious limitation factor. In the case of a relelywvhigher warming up (6 °C), the increased
external atmospheric G&oncentration partially compensates. Howeverait anly work if
precipitation does not have any significant chand@sstic fallback of precipitation can
immediately overwrite the results since the adveirspact of lack of water affects

depressively all vital processes of the plant.

3.4. Changes occurring in the process of carbon assimilation

In Keszthely the higher air temperature and thghfly increased atmospheric €O
concentration have significantly risen the phottisgris intensity of maize by 6% in the
recent past. The tendency-like, slight precipitati@crease of the decade is also contained by
this scenario. According to the 6% increase, thengk in the external environmental factors
has positively affected the productivity index otdlly grown maize and the intensity of
photosynthesis so far. The doubling of concentnatio itself (taking constant of all
environmental and plant characteristics at 1961e3@l) causes a production increase of
35.1% (significant at 5% level).



According to the results of both IPCC scenariogvaht to Hungary, the increase in the
intensity of photosynthesis is statistically justifie, though to a lesser extent compared to the
increase in C@gas concentration. This value is 24% for scenBriand more moderate,
14.5% for A2. The decrease in the intensity of phgihthesis occurred in the case of
scenarios with simulating a warming up above 6°Tle extent of the decrease exceeds a
couple of percent if there is an additional preeifpon decrease together with warming up,
namely in the case of a warming up by 9° C, whéee drecipitation decrease was 30%
(significant difference at level of 5%). In the easf changes according to the last scenario the
drop of photosynthesis intensity was estimated4as?2 by the simulation model.

Our own investigations justified the former statemef Prasad et al(2006) which says that
the impact of the increased @@as concentration, which enhances the intensity of
photosynthesis cannot be realised due to the acmoymmy warmer plant and air
temperatures. Therefore it is not appropriate foutate with the emergence of a monthly
average summer warming up of above 6 °C; this peséffect is associated to one of the

sources of global warming, the higher £@ncentration.

3.5 Development of the energy consumption of the canopy: changes of
sensible and latent heat

Between 1997 and 2006 the sensible heat has eat significantly, only by 3.4% compared
to the values of 1961-1990.

The doubled C@concentration significantly raised the amounta@&isble heat by 19.6% on
daily average. It is in accordance with the inciastomatal resistance and the decreasing
evaporation as well as the consequences thereof.

The daily average amount of sensible heat of A2B&duns did not differ either from each
other or from the value of the basic run.

The higher the simulations of warming up were bgnsgio, the lesser the values of the
amount of sensible heat of the various scenarioe w@mpared to the control run.

In the case of the treatment simulating a warmimdpy 6 °C, the decrease of sensible heat is
10.3% (significant at 5%) on daily average,; it reft the fact that in the case of this warming
up the water necessary to cool the plant demanaed emergy than was necessary to set the

appropriate plant temperature in July of each ykamg the period 1961-1990. It is also
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important that there was sufficient surplus waterttsat the plant was able to evaporate (if
there is not enough water supply for the plant,a@hergy increases the ratio of sensible heat).
This idea is confirmed by the statistically apprdvifference in the development of sensible
heat deriving from the run of the two different easupplies in the case of an air temperature
rise of 9 °C. In the case of the scenario représgrd precipitation decrease of 10% the
reduction of sensible heat was the largest ofadharios: 68.1% compared to the basic run,
while in the case of the more serious drying (3@8é)amount of sensible heat decreased only
by 32.7% compared to the control.

At both treatments the energy demand to be useedviaporation and cooling of the plants is
very high (warming up of 9 °C as condition!), whidpresents such a serious water demand
that can be fulfilled by the canopy partly to thetranent of the sensible heat as compared to
the basic run. In the case of treatment with legeg the plant has more water. Evaporation
has a very high energy demand — see the high gp&eiat of water —; in the extremely hot
instances this energy demand can only be realigethd maize through extremely high
energy investment compared to the basic run.

The conditions of the last scenario, the extremeteanperature assumes a much stronger
transpiration compared to the basic run; to tliis,dource of the surplus energy is partly the
relative energy used as sensible heat in the doniro In the last scenario the decrease of
water supply was increased to 30%; it has not z®@ to cover the water demand of the
plant with given environmental conditions yet. Téfere a part of the energy (compared to
the run with higher water supply) could not appasatatent heat but it increased the amount
of sensible heat, so it resulted in halving thepdimo energy use compared to the control
scenario. The reduced amount of sensible heat aeahpa the basic run in the treatment with
a precipitation decrease of 30% means that evearuhdse harder environmental conditions
there was some reserve in Keszthely, and the plastable to accommodate to the harder
conditions.

In the case of latent heat we found a significaedrease of 14.2% compared to the years
between 1961 and 1990 when the, d€¥el was doubled. At the same time, this valuthés
guantified representation of the influence of globarming on water balance of plants
moderating evaporation (based on energetiog)ssy and Anda 2008). In Keszthely this is
the positive "result” of the increase of g@oncentration causing global changes, which
narrows the stomata of maize. It cannot be nedletttat this mentioned impact could only
emerge in the case of doubling the 8Oncentration ceteris paribus — it is impossitddaa

as we know.
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Warming up above 6 °C increased the latent hea @mpared to the basic run in a
statistically justifiable way at all scenarios.nieant an increase of only 4.1% in the case of
the more moderate air temperature increase of 8V&found the highest difference (increase
of 30.2%) in the case of the scenario of 9 °C, wes drying. In the case of this treatment
there was enough water that could be evaporateddige, so the degree of sensible energy
consumption exceeds the amount of energy useddosgiration in the period of 1961-1990
by one-third. In the case of a precipitation deseeaf 30% the smaller water supply provided
less possibility, and the energy consumption coegan the basic run exceeded the control
value by 13.9%. The reason for the decreasing tldteat was obviously the more limited
water supply. The lesser transpiration intensitgdnot enable development of the optimum
plant temperature; the result thereof is the damafeéiochemical processes and the
depression of the quantity of produced dry matldre latent heat ratios of simulations
performed with two different water supplies wastifigbly different from each other at the
5% level.

4. New scientific results

1. The canopy inside air temperature of each sterws significantly warmed at high
probability level compared to the basic run. In gest decade its temperature was 0.6 °C
compared to the 1960-1990 period. Warming up ofcdreopy changed proportionally to the
increase of external temperature. Comparison ofctm@py inside air temperature of the
different runs shows that the change of eitherainéemperature or the G@oncentration in
itself does not result in an expected outcome sihese factors may strengthen or suppress
each other’s effects. Simulation modelling is amrcdte tool in the process of cognition
since it handles the plant and its environment ttegye The impact of precipitation can be
similar to temperature; in accordance with thig thfferent precipitation supplies of the
extremely hot scenarios caused a significant diffee in the canopy inside air temperatures.
The significantly different reactions regarding cpy inside air temperature of both runs
containing an air temperature increase of 9 °C @eypto a warming up of 6 °C deserve
attention. The presence of a plant canopy, howewudigated the degree of warming up at
corn-cob level, likely owing to the shadowing etfe€ the canopy. We should not ignore the
fact that the compensating effect of the canopyeddp on the canopy structure, which is

determined by the humidity supply.
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2. Values of the corn-cob level plant temperataewdated by different scenarios compared
to the values of the basic run; the two IPCC sdesarompared to each other as well as the
plant temperatures of both treatments with incrédasenperatures of 9 °C compared to the
scenario with warming up of 6 °C — these all repnésd slight differences but significant at

the level of 5% at least. On the basis of the sathh analysis related to Keszthely, it can be
established that warming up increases plant teryrerabut not to the same extent as the
external air temperature rises; the compensatifegtedf the canopy worked even in the case
of a serious temperature increase, though the ddbexeof was also strongly dependent on
the water supply. The optimum plant temperaturenaize is about 23-24 °C, and according
to local measurements performed around noon in tkebz in July, the actual canopy

temperature has also exceeded this value sevaed tiecently. The only chance of protection
against the local effects of global warming is toyide a cooling medium, the additional

water supply for the plants; this requires theaastderation of the former irrigation practice.

3. The ratio of the two largest energy consumptisessible and latent heat did not change
significantly in maize, assuming an average Jutijl, $ne change of several percent should
not be underestimated, since the value of theeeatiergy assimilation is the same during the
photosynthesis. The two types of energy use areimd#pendent from each other, and
especially the impacts of water supplies have agmy role. It can be justified by the
comparison of the sensible heat of the two runk witemperature rise of 9 °C; it shows that
the reduced drying (-10% precipitation) impliedtebsger decrease of sensible heat than the
treatment with more drying did. The decrease ofewatpply was able to cover the water
demand of plants to a lesser extent with givenrenmental conditions, therefore a certain
part of the surplus energy simulated in the scenanuld not appear as latent heat but it
increased the amount of sensible heat. The redaicedint of sensible heat compared to the
basic run in the treatment with a precipitationrdase of 30% means that even under these
harder environmental conditions there was some thityrrieserve in Keszthely, and the plant
tried to accommodate to the harder conditionss liricertain whether this option is available

elsewhere in the country.

4. One of the causes of global warming, the raiS€d concentration itself narrowed the

stomatal openings by 14.3%; it is the quantifietlgaof the impact of global warming on
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plant evaporation, referring to Keszthely. Thisaipositive impact since plant transpiration

could decrease in the majority of the years byfigisre during July when water is scarce.

5. Based on our examinations, the impact of theemsed C@ gas concentration, which
enhances the intensity of photosynthesis cannayae realised due to the accompanying
warmer plant and air temperature. Therefore it @ axpedient to calculate with the
emergence of a monthly average summer warming upbofre 6 °C in Keszthely; this
positive effect is associated to one of the soumkeglobal warming, the higher GO
concentration. But it is worth calculating belowstlkalue; it was proven e.g. by the increase
of 6-7% in carbon assimilation in the recent pdste assimilation values are different,
depending on their calculation to the leaf aredoothe soil surface unit. Iterations to soil
surface show a much more significant decreaseeintiensity of photosynthesis, since in this
approach the decrease of green surface due to mguup develops much more intensively.
This fact mitigates the decrease in the assimgagireen surface and would also reduce crop
failure. In our opinion, water seems to be thelbo#ck of the future; farmers have to prepare
to face the lack of water, even if nowadays thedast of precipitation changes is rather

uncertain.

6. Transpiration increase emerged in the casenamfllations with warming up of over 6 °C,

but out of the scenarios with an air temperatucesiase of 9 °C, the intensity of water loss of
maize is really high in the case of that scenatens there is enough available groundwater,
namely in the case of the treatment with a modgrdi@ %) precipitation decrease. It was
found that the increased external atmospherig G@hcentration slightly compensates, but

only if precipitation does not have any significahtanges.
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alkalmabdl. Pannon Egyetem Veszprém, 2008. majus 19
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5.3 Oral presentationsin English
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