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1- CliPest: A dynamic simulation model for evaluation
of climate change impacts, crop yields and losses due to
invasion multiple pests damage.
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1- Model Calibration
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Table 1. Soil physical and chemical properties of experimental field
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0-30 Clay-Silt 43.9 54.4 10.7 15 0.15 7.4 282.4 20.6
30-60 Clay-Silt 36.7 46.6 16.7 1.3 0.13 7.4 246.5 4.6
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3- Model Validation
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ol paS 0.6 0 0.0195 1.45
Winter wheat
iy Sy 0.48 0 0.019 1.60
Wild oat
iy BV gy 00l (2wly o el g (gt Bl panas cul s
Assimilates partitioning coefficients and wild oat of calibrated parameters
Ay lg sl el *a8lw Sy ¥ 510 g3 ol
5 Ja!
2 Root Shoots Stem Leaf Storage organs
Development Stage
&9 0.362 0.638 0.400 0.600 0.000
Second leaf
2 0.422 0578 0.400 0.600 0.000
Tillering
ooeils 0.166 0.834 0.412 0.588 0.000
Stem elongation
“aadet b 0.094 0.906 0.423 0.503 0.074
Head emergence
‘-’Mls_ 0.111 0.889 0.361 0.250 0.389
Flowering
b 28 Lol 0.110 0.890 0.290 0.100 0.610
Mid-seed filling
‘55“\"?) 0.074 0.926 0.183 0.100 0.717
Maturity
S (69 S y3 0,5) S (359 sl 3lie
Secorﬁjjleaf Initial quantities of dry weight (g.plant™)
0.009 0.02 0.006 0.008 0.000

ol 0 dpwlore (glop pliil & Cons (glo i plul 5 Bl (S py (g twsid Dlgo anass ol

s: Assimilates partitioning coefficients of leaves, stems and storage tissues calculated ratio to shoots.

P g Aoy I8 Sid yjs Ol Bgy sl 5 NRMSE
—do g d\fﬁ_: Epoyio )d dig Voo 9VQ He YO Lgl.(bpﬂﬁ
038 Ay &ibodnd ) CliPest Jas cgd L B odimdlis

aeyio il o glysiiwl gl cpicren 5 (siog BY g S Suis

CliPest Jus 2wl g
GYsy | Sis js B9y RMSE e &5 0y ol zols

d A mupeyie )0 gy Ve g YO B YO STy o s
-ds ol dosaliie (pwSlee b duslio [ YY/Y g YAV ONO/Y /Y

Ol 39 ayey o 3 £, 5 VEND o Vo XIY YEIV X8I sy



IWAY L ) oylosds Ve alor (559LinS owlids pgs 4 pis  YOF

Jor S ol (ialf 5 (odugy B ) 0l (ilodnd b ol odalie
S95 ad>ye glyy (RMSE) Lot lyyyo (uS5ko ydo jlade g
BY g Sielaied Sy U GAS e 5 (S T A0 e
Do Slialie 1wSSke b awslds 45 595 VIV 9 V/A cud jay adsg
&l 70 (NRMSE) 005 Jloy sllod Gilayypo (pSke jdo jlade
S5 Sy B 0 s g (2T L (05 S (G905 e
4SS dg odalin 1Sho 1o )d VY o VA ceui gy by (8Y g
Lt 25y (g0 Jolpe (ilwand o Jo Jle cdd snias lis
L 0 s g9 Jolo (sl 5 (d) ey 38155 (a3 ls
Dy [ (pdng B gy S5l 8 (She) B ()0 o g (25
oddosalie slaosld pu Jod g )S,y 05l gl (ol poogdMe
O &S ob s o)) bwbu]wmsomd)uws
Sy g 6y o BMLA! ouds sdbliie 5 0l (65lwdnd (slaodly
Sl ooy 0 5l i U agn ;0B CliPest Jao 5 cuils
LS (Seghe 4] ey Y Siigleid se sndosnlie
olds 30 (Mondani et al., 2015) 4 )LSen o (Sdio () JSS5)
sicg WY g (6505 |y Wile o 5> 4 CliPest Jas a5 ol
sl oo lm(j Cably (g8 CB v pl gl b duwlis
CJL».: (o as d¢ 39) Y¥ > d\jy wl) 0)9d J9]o PUERWIN

il Slgen Gubd oyl

i g SY g3 JS SdA (59
Sl > (g BV S (jg Sl aeyie balpd
AAYIA QN+ ol g BV gy a5y Voo o VO B+ YO
7 Jie il @l 9 39 @peyie 3 )5 YYAIY 5 VAV/
2 S VYA 5 YEVIE AV IY AVIY ioas iy |y o ol jlade
2l s Sl OBMES oiimd s 45 3,8 mias qpe o
St 59 RMSE e (Y JS5) 590 b gilodnd 5 claali
MY s iay moyoyio > digy Voo g VO b+ YO slagSly o S
UM i i 5:Sile b duglio 13 5 o5 YV/E 5 YEIV /8
Olie 25 sddodnlie auyeyio 3 p,5 VAY/D § VVO/Y YO/D
—d myoyie 3 &gy Voo g VO B+ VO slaeSTy > 35 NRMSE
S bosdosalie (1SKile 2oy VE/F 5 YY/V XVY MVA
5 Sis gy gl (d) Cgeby 38155 (aSlE guls ioren

S 5 S g sl RMSE (e 29 Jie (xiwsly cu
- ye ) iy BY g ag Ver g VO B YO (oo lapSTy
L duglio 13 YY/R 9 SAIV OY/Y $5/N £+ IV o A aiyo
5 FVAD SAAD YOSIA AYYIF s iy oa_dosnlin Sole
oo Sl 3 35 NRMSE l5ke 39 a0 500 43 p,5 DONY
FIA g pan gayeyio ) g BY g digy Ver o VO D+ YO
4SS g Laos bosalin WSlie duoyd VF/A 5 VYN WV &)Y
JS Sis 55 gy (gilwans > CliPest Juo (oYL cds Sl
sypcale Gl (slagSTy o paS &by 5 Slee RMSE 50 35
ANUY clialie (:850e b duslio )0 VY oo ing BY g
pAS 4l 5, Sloae NRMSE Jlade pizmad D¢y quposio 3 p,5
OsSlee 4o YV (g Y gy il (slaeS1y )3 5 050l
b o Sloe gilwdss o Joo Jle cdd [ Slis oS 09 clinlie
oy 35 (Rezzoug et al., 2008) ) ,LSen g 595, 25—
DSSAT Juo Ly il 1535 5 paS o) 8 (S el
23,80 il58 S 10 p,SelS VYL 1) il 3 Slas RMSE (500
w3y 93 &b 5,Slee (¢l HERMES Juo vl gols puiocen
2 59l YA 590 s RMSE (500 a5 ol L 50 030l puiS
Rabie ) ,LSes 5 =0, .(POhankova et al., 2013) >g; )l
J:B 3> CSM-CERES-Maize Jas a5 adl s (et al., 2012
5 48 35 V¥ glable @3 S S5 (g simosie 50 Sy
ol Jie (oily T o ead Ol gla il <o ) ]
5 (Feyzbakhsh et al., 2016) ),Ken g iz (ad & 10,8
oy 0 @y S SLid 59 NRMSE (e a5 w0l lis

g doyd VIV 390> CERES-Maize  Jio

CliPest Juas b3,
g SY 53 Sa5 9l 94 ga

A S b ol BV g a5 (LS e (gludnd @b
J9) Ay 9 W 2P e i 4 39y 4>y Vary 9 YFYY o 3
Sy 5 () s ads po) (a5 ads o eIl ey
= 9 gy Ay 0)93 Jobo ) (V (5903 dl> ya) SGjolgn b

bt opomen W (gilwdand oy Y 9 Ve Cud g &l i

al) g gy A5y 093 Jobo &8 3 (Ll 55 (slasje alejl
slaodly p GBS 55 595 YO 5 VA e San addodnline



YOO ..puiS culsy gilwanis yo CliPest Juo bl

S5l ol rman 33,5 SIS SIIUS Jao Lo oty
Amaranthus retroflexus ) je,8 ass, e, szl JS Sis s
L el L3 Jase a8 ab 5l 35 LINTULL Jas Lawss (L.
Iy oad sdaliie cleMbl 5l aopy AF iy L Swl s
OhlSer 5 (s (Gimplinger & Kaul, 2009) &S i i
J5 Sis 55 NRMSE 50 55 (Mondani et al., 2015)
]y @peie 3 B A g B0 YO N lagSly )3 pisy SV
ol s a8 65,8 5158 o> B/ o VIV FIA M sy
Yoy S SLiB s mmien  CliPest Jus (oYL <o

..)9.: u.m>9
o5l pusS K581 938 ga

YYVA 5 WY+ s caS b ojul paiS oS oy ol ol

ad> po) (25 dls jo 4 S )y oy YoV 5 VPV )3 gy a2
0395 Jo-bo oy (V' (5903 dl> y0) Sijolgsud (S 9 (V 5903
ol @l 92 59, ¥0 9 VIV i &y (Ad 5 (g M)
c=ial) 9 (mag) 4B 0)90 Jobo oS 3 (i 55 g loand
oddosalin (slaodld po BMB] Dg 5oy FF o VY el pay puiS

D92 39) ) oli g gy B ol (giludnd g

Bobserved © Simulated

240 1 Wild oat development stage

200 1

Ll

Emergence Tillering

Day after planting

Stem
elongation

Heading Flowering Maturity

Wild oat development stage

Development Stage (simulated)

Jol By 0u S lu &S gy AV g AV /A AN o i
iy BY sy Sl 59 Loy (gilwand ) CliPest Jao o
odalie (slaodly o u‘b O?ff“’)f) L)")‘)" @L) ‘L');J » 05)'1.9 D¢
a8 by L 3o Vo) ks s b )l dulie g osds (gjludund g o
50,10 3939 (g, me M) Ling BY g caliswe (slapSTy jo
5 odealie Gl 5l asyd AA I i cuiles CliPest .
(¥ JS8) &8 it 1y IS S
s CliPest Juo oy flis Lo obs)l zmls 4 b len
IS gy 3)90 Sojlad plad 3 1) (pdog BY g IS Sis
Ol s iy e e (Y JS) 38 (il 4 )i bl
09— 9 IS5 (190 ) (6595 madlie ()39 oy S
Sr5)l8 Oimen 9 5l 3)90 @lie yuo s )ie Lailpd ) (glaigS
5 &Yolre dliwy , 15 5l ool (sl Jie aiws > CliPest Jae
oo cSs boplplo sl Jae )dle o @b, I8 4 claas],s
9 b Gl Slypns p WS Sjgdon bl il 4
Lo 5 baslyy ol il oS 5 delsl )3 g Lol (13, dlga b
Sl ilsél 1y CliPest Jao (sla g iw <8d g o Jto Lol
om ly Sal sl 55 (Fletcher et al., 2008) )San o yoild
BYg 9 52 Jj Sis 059 08 (gilwdnd g oddbosali @L.s

Wild oat development stage

2.5
y=1.0024x - 0.0118

2 A R*=0.9999
L5 1

1 4
0.5

0 (1 T T T T

0.5 1 L5 2 2.5

Development stage (observed)

Sl 23le oy oaw S T 5 (i JSUS) (outing B30 S 55lid 900 8D (g jLuvciamad 9 D0 Id e j3lie ) JSWS

(Cowly JSW5) Je (U35 10 SU59908 god duwinaaliine g o4
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WAV Hleg o) oylouds Ve w5559l (owlicls pgs @ s Yor

Wild oat density (25 plants m™)

O observed —— Simulated 350
350 1 . . . y =0.9243x - 3.8896 5
oy Wild oat density (25 plants m™) 300 A R2=0.9743 i
250 A 250 A
200 - 200 A
150 - 150 A
100 A 100
50 | 50 4
0 Q T T T T T T T T 0 T T T T T T
0 30 60 90 120 150 180 210 240 0 50 100 150 200 250 300 350
Wild oat density (50 plants m?)
O observed —— Simulated 350 =
350 A y =0.9247x - 8.2212 e
Wild oat density (50 plants m?) 300 R2=0.9833 S
300 A
250 A
250 A
200 A
200 -+
150 A
150 4
100 A
100 - Q 5
E 50 9 7 907
= B
= 0Q T T 7 T T T T T g 0O ; : . ; : :
% 0 30 60 9 120 150 180 210 240 5 o 50 100 150 200250 300 350
f g Wild oat density (75 plants m?)
= O observed —— Simulated g 350 =
E 350 < y =0.8985x - 9.5884 <
S Wild oat density (75 plants m™) £ 300 1 R2=0.9761 S
=
300 I
250 - o -
200 A
200 Q
150 +
150 - o
100 - 100 A
50 50 1
0Q - : - : : . . : 0& T T T T T T
0 30 60 9 120 150 180 210 240 e ¥ Jor B0 200 250 300 950
Wild oat density (100 plants m™)
O observed —— Simulated 350
350 - =0.9197x - 18.201 il
i ; 2 y=0. x-18.2 -0
ol Wild oat density (100 plants m™) 300 - R2=0.968 L7
2 4
250 A 250,
200 -+ 200 A
150 150
100 - 100 +
50 4 50 -
0Q T T T T T T T T 0& T T T T T T
0 30 60 90 120 150 180 210 240 0 50 100 150 200 250 300 350
Day after planting Total dry weight (observed)

—oualiv g ouwd (g jlwdnnd 3oy (ygmw )5y LT g (Cowly) i g DY g3 J5 Suid (459 00wd (65 lwwdunsd g oIl yyalio —F UKD
() Jo (2b5)) $lp IS St (359 845
Gilises slaS15 )3 (Mow bad) ond (ludusds ¢ (JB o5 bli) oadodnlin JS Sid jg L,
Fig. 2- Observed and simulated of wild oat total dry weight (right) and the regression analysis between simulated and

measured total dry weight for model validation (left)
Observed (hollow points) and simulated (solid line) wild oat total dry weight trend in different densities
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Fig. 4- Observed and simulated of winter wheat total dry weight (right) and the regression analysis between simulated and
measured total dry weight for model validation (left). Observed (hollow points) and simulated (solid line) total dry weight
trend in different densities
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Fig. 7- Observed and simulated of winter wheat total dry weight and grain yield loss (%) due to wild oat damage (left) and
the regression analysis between simulated and measured total dry weight and grain yield loss (%) for model validation (right)
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Introduction

Crop growth simulation models are powerful tools in determining optimal agriculture management strategies
and the sustainability of production in agroecosystems. These models predict plant growth, water use and yield
to understand the response of crops to the dynamics of climate—plant—water systems, to evaluate physiological
traits for genetic yield improvement and to help make decisions that optimize use of available resources. Since
implementing field research required time and cost, thus computer simulation models can save time and money
by simulation doing extensive testing. The CliPest model is a generic dynamic simulation model for evaluation
of climate change impacts, crop yields and losses due to invasion multiple pests damage. Therefore, the
objectives of the present study were: (1) to calibration of the CliPest model (2) to evaluate the performances
CliPest model to simulating winter wheat growth, development and grain yield in different wild oat plant
densities under Kermanshah weather condition.

Materials and Methods

A field experiment was done based on randomized complete block design (RCBD) with four replications
and a greenhouse experiment was conducted based on completely randomized design (CRD) with three

replications to the CliPest model of calibration and validation in the campus of Agriculture and Natural
Resources at Razi University during 2014-2015. The treatments were wild oat plant densities (0, 25, 50, 75 and
100 plant m®) in the field experiment and nitrogen fertilizer application (3.1, 6.2 and 10.1 g urea pot™) in the
greenhouse experiment. The required model inputs were daily solar radiation (MJ.m?.d™), and daily minimum
and maximum temperature (°C). Model performance was evaluated by comparing simulated and measured
values of winter wheat phenological development stages, total dry weight and grain yield for independent wild
oat plant densities treatments (fourth replication from the field experiment that did not use in the model
calibration process) by root mean square error (RMSE), normalized RMSE (nRMSE) and index of agreement
(d).
Results and Discussion

The results of CliPest calibration showed that nRMSE for total dry weight yield and grain yield of winter
wheat and total dry weight of wild oat observed 7.7, 3.1 and 23.4% , respectively. The results of CliPest
validation showed that nRMSE for phonological development stages, total dry weight yield, grain yield winter
wheat observed 2.4, 24.3, 4.8%, respectively and for phenological development stages and total dry weight of
wild oat observed 2.2 and 23.4% of , respectively. The nRMSE for percent of total dry weight yield loss by wild
oat damage and percent of grain yield loss due to wild oat damage in winter wheat observed 15.7 and 11.6%,
respectively. The results of Clipest showed that with increasing of wild oat plant density, total dry weight and
grain yield of winter wheat decreased which was agreement by obtained data in the field experiment. The results
of index of agreement (d) and r? coefficient between observed and simulated data compared to 1:1 line also
showed that the CliPest was able to simulate successfully more than 90% and 95% of observed differences in
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studied traits, respectively.
Conclusion

The results indicated that the CliPest model was able to simulate successfully the observed growth traits of
winter wheat and wild oat as well as wheat yield loss by oat damage in different plant densities under
Kermanshah climate condition. It seems that careful selection in calibrated parameters in the sensitivity analysis
process, measure these parameters in the field and the greenhouse conditions and use of them in the model
structure were the main reason to achieve high accuracy for predictions.
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