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Abstract
The rainfed cropping system based on the durum wheat-sunflower rotation is very common in Central Italy, to the point of

being the almost exclusive system in some areas. The predominance ofthe system, and the suboptimal environmental con-

ditions in which such system is implemented make it at risk in scenarios of possible worsening ofweather pattems as esti-

mated by weather change scanarios. The objectives ofthis paper were: l) to estimate the impact of climate change on the

agronomic performance and long term soil fertility; 2) to explore adaptation sfategies and to identift research needs. Three
yéars of field data on current cropping system practices were collected at two microcatchments of the Marche (Central It-

;ly) to calibrate the cropping systems simulation model Cropsyst. Crops ield and soil organic matter_dynamics were ana-

lyzed in relation to incrèased air temperature and CO2 concentration, as forecasted by different future climate scenarios.

io ^se.. the impact of climatic change on mean crop yields and variability, two fifty-years equilibrium climate dataseÎs

were generated from a local 2O-years daily temperature and rainfall dataset assuming for each scenario constant climate at

differànt atmospheric CO2 concentration: "baseline" [COr1 = 359 ppm; 2040 equilibrium [COrl : 450 ppm- To assess the

long term impait of climatic change on soil organic matter content, three 100-yearc transient climatic scenarios were gen-

"ruÉd 
ftorn a 20-years daily temperature and rainfall dataset of a neighbouring station: transienf "baselrne" scenarios with

current [CO2] = jSO ppm; transienî "A2'and "B2" scenarios, characterised by an yeady increase of [CO2] starting ffom

current conditions to final values of 840 and 620 ppm respectively'
Under 2040 equilibrium scenario, sunflower showed a slight increase of mean grain yield +12%, while durum wheat grain

yield was not ìignificantly different from "baseline". Under "baseline" tronsient scenarios and starting from a current soil

órganic matter cont ent of 0.9Vo, Cropsyst simulated a progressive decrease of soil organic matter down to 0.6% after I 00
yJars. Under "B2" and "A2" scenarios, increased soil ternperature simulated by CropSyst resulted in a sharper decrease of

ihe soil organic matter, leading respectively 0.5o/o and 0.4%o after 100 years. Results suggest îhat while. climate change im-

pacts on current rainfed cropping systems of central Italy may not be visible in the short term on crop yields, long term sus-

Linubitity is expected to aàitinè noticeably, even under "baseline" climatic scenarios. In terms of bio-physical research,

further eiforts súould be addressed on the relationships between agronomic practices and seasonal dynamics of soil organic

matter mineralization due to soil temperature.

Keywords: Cropsyst, durum wheat, sunflower, adaptation, cropping system, sustainability.

Riassunto
Il sistema colîurale asciulîo basato sull'awicendamentofrummîo duro-girasole è molîo comune in ltqlia centrale, al punto

dí essere quasi esclusivo in alcune qree. La predominanza del sisÍema e le condizioni qmbienfali subotîimali in cui esso è

adottato, io rendono wlnerabile nell'ipotesi di peggioramenîo delle tenderze climatiche, secondo quanÎo prevkto dagli

scenari di cambiamento climatico. GIi obietîivi di questo l(rvoro sono staîi: I) stimare I'impatto dei cambiamenîi climatici

su rese colturali, bilancio idrico e fertilità del suolo a lungo îermine: 2) esplorure straîegie di mitigazione e indirizzqre ul-

îeriori ricerche. Sono sîati raccolti tre anni di dati sulle pratiche colîurali adoîîaîe in due microbacini delle Marche per

calibrare il modello di simulazione dei sistemi colîurali CropSyst. Rese colturali e dinamica della soslanza orga ica sono

staîe qnalizzate in relazione alla dinamicq di temperaîura dell'aria e concenlrazione di CO2 prevista da differenti scenari

climaîici futuri.
per valuiare l'impatîo dei cambiamenti climatici su medie e variabilità delle rese colîurali, sono sîaîi generati due scenari

climatici equilibntm di cinquanta anni a parîire da una serie reale di dati giornalieri di temperatura e precipitazione, as-

sumendo pàr ogni scenario clima costante e diferenti concentrazioni atmosferiche di COz: "baseline" [CO2] : 350 ppm:

2040 eqtiliffiwî [CO2] = 450 ppm.
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Per valut.tre I'in\patto a lungo lermine del cambiamento climatico sul conlenuto di sostanza organica a pqrtire da venli
anni di dati giornqlieri di temperatura e precipifozioni di unq stqzione meteorologicq vicina. sono staÍi generati îre scenqri
climqtici ftaîslent: lo scenario "baseline", con ICO\] qtÍuale : 350 ppm: gli sce,?4/.i transient "A2" e "82 ', cdralterizzati
da un progressivo incremento di [CO2] da 350 ppm Jino 840 e 620 ppm rkpeltivqmente.
Nello scenario equilibrium 2040, la resa del girasole ha mostralo un leggero incremenlo (+12%o) mentre quella del fru-
mento duro non è stqta signifcativomente differente dal 'beseline". Nello scenario tîansieîl "baseline", partendo da un
contenuro aftuale di sostqnzq organica nel suolo cli 0.9%, CropSyst ha simuleîo un pr'ogressivo declino della sostanza or-
ganica. fino a 0.6%o dopo 100 anni. Negli scenarí '82" e "A2", gli incrementi di temperatura del suolo simulali dq
CropSltst hanno.favorito I'ulteriore diminuzione di sostanza orgqnica, rispetlivamente fino a 0,59ó e 0,4o% dopo 100 anni.
Menîre l'impatto a breve termine dei cambíamenti climatici sulle rese degli qttuqlí sistemi coltureli in asciulto del centro
Ifalia non appare determinante, Ia loro sosteníbílità di lungo termine sembra essere in pericolo qnche nello scenario "ba-

seline". IJlteriori sperimenrazioni di campo sono necessarie per validare Ie relazioni tra praliche agricole e dínamiche
stagionali della mineralizzazione dello sosÍanzq organica legate alla dinamica della Íemperatura del suolc.

Pgrole chiave: Cropsyst,.frunento duro, girasole, adqltamento, sistemí colturqli. sosîenibilifà

Introduction
Future clirnate dynamics are a major source of uncer-
tainty for future human activities and particularly for
fannin-e (IPCC, 2001; Moore, 2001). There is increasing
need to develop a range of site specific options f-or the
adaptation of cropping systems to fbture clirnate scenar-
ios. While some key interactions between weather sce-
narios at elevated CO2 effects and crop management, es-
pecially irrigation and fèrtilizatron regimes, are fairly
r.vell understood (Tubiello et a|.,2007), the assessment of
the irnpact of elevated COr and temperature on crop
yields and especially the implications for the long term
sustainability of cropping systerns is still largely uncer-
tain. ln fact there are thousands of chemical, physical and
biological processes that together make up the tempera-
ture dependence of organic matter decomposition (Kir-
schbaum. 2006) and there are also several feedbacks that
could partly cancel other effects (Davidson and Janssens,
2006). Because of the complexity and variety of situa-
tions, sustainabil ity of cunent cropping systems is
strictly related to specific contexts.
Current practices of rainfed farming systems on hilly
lar-rds of Central Italy rely on winter cereals such as du-
rum wheat and industrial crops as sunflower and
sugarbeet. Such rotations are implemented making the
recurrent extensive use of summer deep plowing and
hence long bare-soil intercropping periods between win-
ter cereals and surìmer crops. Low soil organic matter
content is one of the most important concerns emerging
fiorn the interaction between these cropping systems and
local ecological constraints (Roggero and Toderi, 2002a;
2002b).
The mix of socio-economic and clirnatic factors driving
changes in the specific context of Italian extensive hil l
tanning systems, recalls the need for reliable scientif ic
tools to assess the medium and long-term impact of cli-
matic changes on cropping systenìs to support more
adaptive and sustainable systems (Potter et al. 2004).
Eqttilibrium and transienÍ climatic scenarios can provide
the basis for the impact assessment. Equilibrium scenar-
ios are created by generating a time series (e.g. 50-100
years) of daily weather data assuming constant climate,
hence no time trend and constant CO2 concentration.
TransienÍ scenarios are created by generating a time se-
ries of weather data resulting from changing clirnate re-

lated to the rate of increase of atmospheric CO2 concen-
tration. The expected impacts of equilihriunr scenarios
on crop performances are often assessed by averaging
climatic and crop variables over a generated rnulti-year
series with constant climate (e.g. Donatell i  eÍ a|.,2002;
Thomson et al., 2006). The long term impact of climatic
change on soil fertility dynarnics may be assessed on the
basis of transienÍ climatíc scenarios, which take into ac-
count the mixture of the long term interactions between
climate and atmospheric CO2 trends and the on-going
adj ustment of bio-physical processes.
The CropSyst simulation model (Stóckle et al., 2003)
was specifically designed for rnulti-year sequential simu-
lations of cropping systems and was successfully evalu-
ated for field crops in several Meditenanean environ-
ments (e.g. Pala et al., 1996), including Central ltaly, un-
der both cuffent and climate change conditions (Do-
natel l i  et  a| . ,1997; Tubiel lo et  a| . ,2000).
The objectives of this paper are:
o To present climatic change irnpact assessment on crop

yield, water balance, and soil organic matter dynamics
in the context of one of the most widespread cropping
systems of Central Italy;

o Discuss the implications fbr developing adaptation
strategies for the long tenn sustainability of these crop-
ping systerns, and address further research.

Materials and methods
Experimental site and Jield dotu collection
The study is based on a systematic survey made since
1997 in the arable hil l- lands of the Marche Region, in a
site that was interested by the compulsory application of
the EU agro-environment scheme over an area of over
2000 ha for five years ( 1 996-2001 ; reg. EF.C 2018192).
Climatic and cropping system data were collected in
2000-03 from all f ields of two micro-catchtnents (Spe-
scia,  80 ha in s ize;43" 33'N; l3o 04'  E;  and Bott ig l ie,
60 ha in size; 43" 31' N; 13o02'E,), through field surveys
and fanner's interviews. Details of the soil and clirnate
characteristics of the site were described by Roggero and
Toderi (2002a;2002b), De Sanctis er al. (2006) and Corti
et al. (2006). The soil type was characterised by high
clay and calcium content, ahnost free of gravel, with a
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Tab. I - Main soìl characîeristics ofthe Ap soil layers used for the Cropsyst simulations. The characteristics ofthe other layers can be
found on Corti et al (2006), Values in brackets indicate the standard effor.

Tah. I Princípali caraîîelisfiche degli oriz.onti di suolo Ap usati per le simulazioni di Ct"opsysî. Le caraîîelistiche degli ahriolizzonîi
sono illustrate in Corfielal. (2006). I valori traparenÍesi indicano l'enore standard

soil typel b-VHFL b-THC b-UHFL í-UHC s-THFL s-TUFL s-VHFL s-THC

variuble

Layer depth (cm)

Sand g/kg

Silt g/kg

Clay

0rganic C %o

Bulk density

Porosity

Field capacityr' .--r .--' '

Wil t ing point* cm3 cm-'

Ks* mm h-l

5 l a a
J I

1 6 ( r )  2 8 ( l )

52 69

37 (2) 3 8  ( l )

4 0  ( 1 )  3 4  ( l )

2 3  (  l )  2 8  ( 0 )

4 1  ( r )  4 4  ( 1 )  3 7  ( 0 )

3 s ( 0 )  4 0 ( 2 )  3 5 ( l )

0.s2 0.8  t 0 . 7  |
(0 .0  r  )  (0 .02)  (0 .01  )

1 . 1 2 1 . 2 0 1 . 2 3

(0.04) (0.03) (0.02)

5 0

2 4  ( t )

0 . 3 5 6

0 . 1 9 9

6 . 7

3 0

2 8  ( r )

37  (0 )

3 3  (  l )

0.67
(0.02)

1 . 2 5

5 5

3 8  ( l )

32 (2)

3 0  ( r )

0 .79
(0 .03  )

l . 2 8
(0.02)

48.2
(0 .03)

0 .305

0 . 1 7 2

-). /.

48

r2  (0 )

4 6  ( t )

4 2  ( 1 )

0 .68
( 0 . 0 1  )

1 . 4 0
(0.02)

43.1
(0 .03)

0 .3  87

0.229

1 . 4

0.55
(0.0 r  )

l . 3 l

(0.0s)

0.282

0 . r 3 9

0.52
(0.02)

| . 5 2
(0 .0  r  )

(0 .03)

0 .276

0 . 1 5 0

(0.0e) (0.07) (0.08) (0 .05)  (0 .05)

54.5 5 l . l 50.0 46.3  38 .0

0 .390

0.227

2 . 1

0 .345

0.191

3 . 0

48.9
(0.02)

0 . 3 3 5

0 . 1 8 6

î 1
- ) .  I 6 . 4  t . 6

*= derived îrom Saxton et al. (2006) Ks = saturated hydraulic conductìvity. rb= Bottiglie catchmcnt; s = Spescia catchment.
*: simulati con Saxton et aì. (2006) Ks: conducibilità idrica alla saturazione. rb=Bacino Bottiglie; s: Bacino Spescia.
TtlC: T)'pic Haplusteps, clq)ey, nixed, nesic, VHFL: Iletic Hapltlstepts,.lìne-louny, mixed, nesic:IJHFL: Udic Haplustepts, lìneloany, nixed, ne-
sic;FflC: Fragic Haplustepts. clq,e|, nixed, nesic,UHC: Udic Haplustept:, du!L!, nired, met:í.;THFL: Hapht*epts. fìne-toant,, nired, ne. c.'fllFlt 

T'pic Ustorthents, .lìneJoary), nixed, nesic:UVHF: Udertic Haplusrepts,.îne-loary), nixed, mesic.

relatively high water holding capacity but lifile organic
carbon content (Table I ).
The cropping systern was based on the sunflower-durum
rvheat crop rotation, which was one of the most frequent
in the area under the EU CAP. The following practices
were monitored in all wheat and sunflower fìelds of the
two micro-catchments, over three agrarian years
(2000/01 - 2002103): tillage time and method, fertiliza-
tion time and rate, sowing date, weed management, har-
vest date, crop yields. These data were used to calibrate
CropSyst.

Climate change scenarios
Fifiy-years daily maximum and minimum temperature
and daily rainfall dataset of two neighbouring weather
stations was used fbr the simulation of future clirnatic
scenarios.
The two locations (Osimo and Jesi) are approxirnately at
the same altitude, sanìe distance frorn the sea shore and
about 20 km apart.
Two fifty-years equilibritrru climate dataset (Table 2)
based on Is-92a emission scenario (Donatell i  et a|.,2002;
IPCC, 1995) were generated from a 2O-years daily tern-
perature and rainfall dataset (1979-98) from the weather
s ta t ion  o f  Os i rno  (43"  29 '  N ;  l3o  30 '  F . ;75  m a .s . l . ) .
Equilibriul?? scenarios are characterized by steady condi-
tions of [CO2]: (i) "baseline", assuming [CO,] : 350
ppm; (i i) 2040, assuming [COrl : 450 ppm. 2040 equi-

40

librium scenario was characterised by an increase of the
annual mean temperature of about + I oC, and by a sig-
nificant increase of winter and spring rainfall.
Three 100-years climate datasets based on "baseline",
"A2" and "B2" transienÍ climate scenarios (Figure I and
Figure 2) (fPCC, 2001) were generated by IBIMET-
CNR, LaMMA (Barcaioli et al. 2004), from a 2O-years
(1981-2000) daily temperature and rainfall dataset of the
weather stat ion of  Jesi  (43" 3l 'N;  13o15'E; 96 m a.s. l . ) .
Transíent scenarios are characterized by an yearly in-
crease of [CO2] starting from current condition (350
ppm) reaching 840 ppm and 620 ppm on ('A2)) 

and "B2"
scenarios respectively after 100 years. "Baseline" sce-
nario is characterized by steady situation from current
condition of [CO2].
Transient climatic scenarios (2000-2100) did not show
significant shift from "baseline" unti l 2040 (Figure 1).
TransienÍ clirnate change scenario *A2)' was character-
ised by distinct temperature trend in the second half of
the sirnulated 1OO-year series, particularly frorn year 70
onwards. In 2090The tnean temperature of *A2)) resulted
higher than "B2" (+l.4oC in auturnn-winter; +0.8oC in
summer) and much higher (up to +2.7"C in surnrner)
than "baseline".
The differences in seasonal and annual rainfall projec-
tions indicate a signifìcant increase of summer-autumn
rainfall for "A2" and a relatively steady rainfall regirne
foÍ "82" (Figure 2), for which a slight increase in spring
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Tab. 2- Seasonal and annual mean values of temperature and precìpitation ofthe different climatic scenarios under comparison. Ex-
pected shift in averages oftransient scenarios in 2040 and 2090 have been estimaîed from second order polynomial re-gressions
over the year range 2000-2098.

Tab, 2 Valori medi sîagionali ed annuali dí lemperatu'a e precipitazíone degli differenîí sce ari clinatici utili..aÍi per le sinul.Eioni.
I cambia enîi tuedi attesi nel 2040 e 2090 sotlo stati sîímaîí dalla regressione polinomiale di secondo grado su periodo
2000-2098.

Oct-Jan Feb-May
air Precip. air temp Precip.

temp cum. avg. oC cum.
avg. oC (mm) (mm)

Jun-Sep
Scenario air temp Precip. air temp Precip.

avg. oC cum.
(mm)

Annual

avg. oC cum.
(mm)

Osimo equil ibr ium baseline
(20 years mean)

Osi rno equi l ib r ium 2040

9.3

+0.8

255

+57

10.7

+ l . l

202

r-À 1
r T t

21.4

+ 1 . 2

189

+ 1 6

13.8

+ 1 . 0

645

+ t  t 3

Jesi basel ine (1952-2000)

Jesi transient A2 ( in 2040)

Jesi transient A2 ( in 2090)

Jesi transient 82 ( in 2040)

. lesi transient 82 ( in 2090)

9.8

+0. I

+ 1 . 7

-0.2

+0.3

+6

+50

+ t l

+ 1 5

t2.l

+0.2

+2.5

+0.2

+ l . l

203

+ 1 4

+74

+30

+34

22.8

+0.8

+2.7

+0.7

+ l . g

) ) 1

+ l l

r l - l
T t , ! _

-7

+3

14.9

+0.4

-TZ.- )

+0.3

+ 1 . 2

716

+33

+137

+37

+53

287

rainfall was observed. The average annual rainfall of
"B2" scenario was not significantly diflèrent from "base-
line", while ('A2') showed a significant increase of rain-
fall, particularly in summer and autumn.

Simulutions
Using the soil profi les described in Table l, eight multi-
year simulations of the sunflower-durum wheat cropping
system were run for each climate scenario described in
Table 2. The field data observations (agricultural prac-

Tmed 82 = 0.0179x + 14.676;  R2 = 0.35" .

t o ^  ^ '
- ' o "

o o a

t ices and crop yields) of all f ields in the microcatchments
over three years were used as a refèrence f-or the model
calibration (Table 3 and Table 4).
The yield variation with tirne for each crop was esti-
mated by calculating the coefficient of variation as the
ratio between the square root of the error variance of the
unbalanced one way ANOVA (between fields) and the
pluriennal mean.

Ptot A2='1'.70' lx + 691.42;R2 = 0.1 1--
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Fig.2 Dynarnic of total annual precipitat ion fbl lowing "A2" and
"B2" transient scenarios (**:pa0,01 ).

Fig. 2 - Dinamica delle precipitazioni annuali Íotali secondo gli
scenar i  Í rans ien l  "42"  e  "82"  ( ** -P<0.01) .
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Fig. I  Dynarnic of annual average air temperature fol lowing
"A2" and "82" transient scenarios.

Fig. I - Dinamica della temperatura annuale media dell'aria se-
t:ondo gli scenari transienÍ "A2" e "82".
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Tab. 3 Main agronomic techniques used to cal ibrate Crop-
Syst to simulate durum wheat and sunflower cropping
systern in Central l taly.

Tab. 3 Principali tecniche agronontiche trtilizzate per la
calibrazione di CropSyst al.fine di sintulare il sistema
colturale frumento duro e girasole nel cenfro ltalia.

Agro-technique Darum wheul Sunflower
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Crops yield and soil organic matter dynamics were slmu-
lated using the parameters described in Table 5. Durum
wheat optimal growth rate temperature was set to 10 "C
following the first set of simulations, in which durum
wheat showed too high sensitivity to ternperature in-
crease. Biomass/radiation and biomass/transpiration co-
efficients were also calibrated.
The two 5O-years weather datasets generated from equí-
l ibrium climatic scenarios of Osimo ("baseline" vs.
2040) were used to simulate grain yield and water bal-
ance. The three 100-years weather datasets generated
frorn the lransient clirnatic scenarios of Jesi ("baseline";
"A2"; "82") were used to simulate the long term dy-
namic of soil organic matter in the 0-35 cm layer. All
simulations were run considering the current agronomic
practice.
Parameters used to calibrate soil organic tnatter minerali-
zafion, nitrification and denitrification were set to 0.4,
0.8 and 0.3 respectively (Table 5). These parameters
were calibrated according to the expected annual mineral
nitrogen naturally released (Francaviglia et. al 2000) and
to the field observation of crop yield without nitrogen
fertilization (Iezzi et al., 2002). The pararneter for deni-
trification had no impact on nitrogen balance given that
environmental conditions are such not to estimate any
loss.
Cropping system simulations were perfonned on the crop
rotation (25 years sunflower, 25 years wheat durum), us-
ing as an input the current agricultural practice observed
in the fields of the two microcatchments (Table 3) and
assessing the impact of climatic change in terms of grain
yield and water balance.
The model was calibrated on the "baseline" climatic
dataset of Osimo. The calibrated rnodel was subse-
quently implemented on equilihrium and transienÍ ch-
mat ic change scenar ios.

Results
Measured field data and "bsseline" simulutions
The observed field sunflower grain yield in 2000-2005,
averaged over all micro-catchment fields (n: 3 to 8 de-
pending on years) ranged between 0.65 and 2.68 f ha-t,
with a weighted rîean of 1.89 t ha-' and a coefficient of
variation between years of 29%(Table 4).
The annual durum wheat grain yield, averaged over all
micro-catchment fields (n: 5 to 11 depending on years)
ranged between 3.05 and 4.31 t ha-', with a weighted
mean of 3.96 t ha-r and a coefficient of variation between
years of 23%(Table 4).
"Baseline" simulations of sunflower grain yield, after
calibration and averaged over the eight soil profiles,
ranged between 0.62 and 2.62 t ha-', 1.91 on average and
a coefficient of variation across years of 23%(Table 6).
"Baseline" simulations of durum wheat grain yield, after
calibration and averaged over the eight soil profiles,
ranged between 2.47 and 4.53 r, ha-', on average 3.64 t
ha-' and a coefficient of variation between years of l3o/o
(Table 7).

Plowing date

Harrowing and
seed-bed prepara-
t ion

Fertilization
(N units)

Sowing

29 Sep

6 Oct; 6 Nov;
l 0  Nov

5  N o v  ( 1 7 ) ;
15 Feb (26) ;
l9  Mar  (44)

l 0  N o v

9 Aug

I Sep; 22 Mar

2 l  Mar  (28) ;
30 Apr  (42)

I Apr

Tab. 4 Field crop yields observed in the two microcatch-
ments.

Tab. 4 - Rese collurali osservate nei due nticrobacini.

Crop Grain yield (t ha-t) CV

Sunflower

Wheat

1 . 8 9

3 .96

29%

23%

Tab. 5 - Main crop parameters used to simulate sunflower
and durum wheat with CropSyst.

Tub. 5 - Principali parametri colturali utilizzaÍi per simula-
re girasole e frumento duro con CropSy!!.

Purameter Durum Sunflower
wheut

Optimal growing
temperature(*) "C
B iomass/transpiration coeff,
Radiat ion/biomass
conversion coeff.
Water Stress Index

Max root depth (m)

Evapotranspiration coeff.

1 0 . 0

4 . 1

./.. )

1 . 0
1 . 0
l .  r 5

1 0 . 0

5 . 2

3 .0

0 .5
1 . 6
t . l

(+) 1-hreshold low temperature below which growth is limited.
(*) Valore temperatura sogl ia al di sotto del quale la crescita è l imi-

tata.

Tab. 6 - Sunflower: 25-years averages of grain yield (9%
humidity) in a fìfty-years sunflower-wheat durum ro-
tat ion as simulated by CropSyst in relat ion to the dif-
fèrent equi l ibr iurn scenarios under comparison.

Tah. 6 Girasole: medie di 25 anni di prodttzione di ac:heni
(9'% umidità) nel sistema colturale girasole -JrttmenÍo

dtrro sintulate da CropSyst in relazione ai dilferenti
scenari equilibriunt presi in considet'azione.

Climatic scenurio Mean groin. coeff of variation
yield (t hs-')

Basel ine
2040

1 . 9 1  b
2 . 1 3  a

23%
t 6 %

Means followed b1'the same letter are not significantly different
(P<0 .05 )
Seguito dalÌu stessa letÍeru .vi intentle non signific'ativumenÍe di//è-
rente (P<-0.05 )
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Tab. 7 - Durum wheat: 25-years averages of grain yield (12% hu-
midity) in a fifty-years sunflower-durum wheat rotation as
simulated by CropSyst in relation to the equilibrium scenarios
under comparison.

Tub. 7 - fr"umento duro: medie di 25 anni di produzione di granella
(12% umidità) nel sistema colturale girasole -frumento simu-
late da CropSyst in relazione ai dffirenti scenari equilibrium
pres i in considerazione.
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Tab. 9 - Water balance during fallow in relation to the differ-
enl eq u i I i b r iu m scenarios.

Tab. 9 - Bilancio idrico durante periodo intercalare con ter-
reno nudo in relazione ai differenti scenari
equilibrium.

Fallow - Terreno nttdo

Climatic Precipito- ETo Actual Drainage
scenarto tion (mm) ET water

(mm) (mnù (mm)
Climatic scenurio Mean crop

vield (t hs-I )

coeff, Of
varistion

Baseline
2040

3.64  a
3 .68  a

13%
20%

Baseline
2040

3 3 l a
408b

367a 173a
397b 186b

48a
97b

Climutic Precipi- ETo Actual Drainage
scenario tation (mm) ET water

(mm) (mm) (mm)

Means followed by the same letter are not significantly different (P<0.05).
Seguito dalla stessa lettera si intende non signíficativqmente dffirente
(P<0.05).

Tab. 8 - Water balance simulated by CropSyst in durum wheat and
sunflower in relation to the different equilibrium scenarios.

Tah. 8 - Bilancio idrico sintulato da CropSyst nel fi'umento duro e
girasole in relazione ai dffirenti scenari equilibrium.

Durum wheat -Frumento duro

"baseline" from June 30 - July 22 to April l* and from August l4 -

August 25 to November l0
2040 June 2l - July l3 to April I * and from August l9 - August 29
to November 10
*next year
Means followed by the same letter are not significantly different

(P<0.0s)
"baseline" dal30 giugno- 22luglio al I aprile* e dal l4 agosto-

25 agosto al l0 novembre
2040 dal 2l giugno - I 3 luglio al Iaprile* e dal l9 agosto - 29 a-
gosto al l0 novembre
*anno successivo
Seguito dolla stessa lettera si intende non .significcttivamente diff'e-
rente (P<0.05).

The durutn wheat mean yields and coeffi-
cient of variation simulated for 2040 equilib-
rium scenarios were not significantly differ-
ent from "baseline" (Table 7).
Sunflower and durum wheat harvest were
anticipated on average respectively by 4 and
l0 days as a consequence of the higher tern-
perature. Evapotranspiration was slightly re-
duced because of the differences in cycle
length, while the new scenarios did not af-
fected actual evapotranspiration of both
crops. The changed climatic scenario also
resulted in an increased average crop coeffi-
cient (Kc:ETc/ETo) of lAo/o and l5% during
the crop phases of sunflower and durutn
wheat respectively, while average Kc did not
change during the fallow phase. Water
drainage increased under 2040 scenario as a
consequence of the increased rainfall during
early wheat growth and fallow (Table 8 and
Table 9).

Transient scensrios and long term sustain-
obility of current cropping systems
Under "baseline" transient scenario and starting from the
current soil organic matter content of 0.9o/o, CropSyst
simulated a progressive decrease of soil organic matter
down to 0.630/o after 100 years. Considering the 0-35 cm
soil layer, an average loss befween 0.17 and 0.28 t ha-l
year-'of soil organic matter was estimated between year
2000 and 2040 under any climatic scenarios. Higher soil
temperature simulated by CropSyst under future scenar-
ios (Fi-eure 3) seems to speed up soil organic matter min-

WUE
g H2O/g

DM
Baseline 427a 585a 394a
2040

I 00a
t94b

523a
538a493b 503b 39la

"baseline": seeding on November 10, harvest on June 30 - July 22
2040: seeding on November 10, harvest on June 21 - July 13
Means followed by the same letter are not significantly different (P<0.05).

Eto:reference evapotranspirati on
WUE \Àater use efficiencl
DM: dry matter
" beseline " : seminato il I0 novembre, raccolto tra il 30 giugno e il 22 luglio

2040: seminato il I0 novernbre, raccolto tra il2l giugno e il l3luglio
Seguito dalla stessa lettera si intende non significativantente dffirente
(P<0.05).
Eto:evapotraspirazione di riferimento
WUL.: efficienza d'uso dell ' acqua
DM: sostanzasecca

Sunflower - Girasole

Climstic Precipi- ETo Acîusl Droinoge
scenario tation (mm) ET wuter

(mm) (mm) (mm)

WUE
g H2O/g

DM
Baseline
2040

l97a 5 l2a 316a
204a 54lb 329a

10a
l4b

543a
539a

"baseline": seeding on April I ; harvest on August l9 - August 29
2040:seeding on April 1 ; harvest on August l4 - August 25
Means follou'ed by the same letter are not significantly different (P<0.05).
"buseline": seminatct il I aprile, raccolto tra il l9 qgosto e ìl 29 agosto
2010: seminato il l0 novembre, racc'olto tra il I4 agosto e il 25 agosto
Seguito dalla .ste,ssa lettera ,si intenele non significativantente differente
(P<,0.05 ).

Equilibrium climate chonge scenorios, crop yield and
water balance
Sunflower mean grain yield slightly increased under
2040 equilibriur?? scenario and the coefficient of varia-
tion over time decreased (Table 6). However, most of
these differences were caused by just one single very dry
year in the "baseline" weather series, when simulated
yield dropped down to 0.62 t ha-r.
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TmedA2= 0.00ùtx2-1.7948x + '1814.5;  R2 = 0.71."  Tmed 82 =0.0224x -26.947;  *= 0.3a ' .

a

2020 m30 2040 2050 2060 2070 2080 2mo 2100

a A2 o 82 - .Baselíne

Fig. 3 - Dynamic of annual average soil temperature following
"42" and"B2" transienf scenarios.

Fig 3 - Dinamica della temperaturo annuale media del suolo se-
condo gli scenari transient "A2" e "82".

eralization, in fact under "F2)' and "A2" scenarios after
40 years, the soil organic matter decrease was shalper,
leading respectively 0.53% and 0.42o/o after 100 years
(Figure 4), corresponding to an average soil organic mat-
ter loss in the 2040-2100 interval of 0.08,0.15 and 0.24t
ha-1 year-l under "baseline", "82" and "A2" scenarios
respectively. Moreover, whether the "baseline" and the
"B2)) scenarios seem to tend to an equilibrium, the re-
sponse due to '(A2)' at the end of the simulation period
still shows a steep decline.

Discussion and conclusive remarks
Crop yield estimations of CropSyst agreed adequately
with experimental data in the specific environmental
conditions of Central Italy. The simulation results on the
sunflower-durum wheat cropping systems revealed no
significant irnpacts of the equilibrium 2040 scenario on
durum wheat grain yield and positive effects (+12o/o) on
sunflower grain yield.
The wheat simulation results for 2040 scenario are con-
sistent to what found by Amthor (2001) and were inter-
preted as the result of the compensatory effects of in-
creased net assimilation due to elevated [COr] and the
early crop development associated to higher tempera-
tures that caused lower maximum LAI under 2040 sce-
nario when compared to "baseline" (3,1 vs. 3,9).
Simulations also revealed unchanged hydrologic balance
and water use efficiency of the sunflower-durum wheat
rotation under 2040 climatic scenario, except for the in-
creased drainage, which was directly related to a 20o/o
increased autumn-spring rainfall. The simulated in-
creased average Kc of the two crops under 2040 vs.
"baseline" should be further investigated.
Results of the simulations on grain yield and water bal-
ance would suggest that current cropping systems are re-
silient enough to expected climatic changes in the incom-
ing 3-4 decades. However, a relatively sharp decrease of
soil organic matter content in the ploughed layer was
simulated by the long-term simulations, even under
"baseline" climate. These results were interpreted as an
outcome of the current practice of leaving a long fallow
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Fig. 4 - Soil carbon dynamic simulated by CropSyst as influenced
by transienr climatic scenarios.

Fig. 4 - Dinamica del carbonio del suolo simulato da CropSyst
secondo gli scenari Transient.

period between durum wheat harvest and sunflower es-
tablishment and the insufficient soil cover in the autumn.
Sharper rates of soil organic matter loss in the long term
under s'A2" and "B2" transient scenarios were well re-
lated to the forecasted soil temperature dynamics. Model
outputs on soil organic matter dynamics represent a rele-
vant basis for fuither investigations and should be inter-
preted in relative terms, until validation through field
data is provided. However, simulation results clearly in-
dicated that long tenn soil fertility of this cropping sys-
tem, as known, is declining under current climatic condi-
tions and would be further hampered under changed cli-
mate, particularly under "A2)' scenario. The subtle yearly
decrease rate of soil organic matter, and the relevant nu-
trient effects on crop yield may be temporarily concealed
by higher fertilization inputs, could lead to a progressive
decline of soil physical conditions in the long term, even
under "baseline" climate. This should be regarded as par-
ticularly relevant in the context of the heavy clay soil
texture of Central Italy arable hill-land.
The adoption of more conservative agronomic practices
to minimise fallow periods and increase soil shading,
targeted at improving soil organic matter balance (Hut-
chinson et al., 2007) should be fuither investigated in
relation to their feasibility, efficacy and efficiency and to
the economic and social implications that these changes
would provide in the specific context of Central Italy.
Simulation results suggest that particular attention should
be paid for fuither bio-physical investigations on the in-
fluence of different agronomic practices on seasonal dy-
namics of mineralization of soil organic matter and its
relationship with agronomic practices and soil tempera-
ture dynamics.
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