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Name of Crop Parameters

X1*
X2
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X14 *
X15*

X16 *

X17*
X18
X19
X20
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X23
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X25*
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X27

X28 *
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X30
X31

X32*

X33 *

X34 *
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X38 *

X39 *

X40 *
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X42 *

X43 *

X44 *
X45
X46

X471 *

Soil water depletion factors (p) are adjusted by Eto
Base temperature (°C) below which crop development does not progress
Upper temperature (°C) above which crop development no longer increases with an increase in
temperature
Soil water depletion factor for canopy expansion (p-exp) - Upper threshold
Soil water depletion factor for canopy expansion (p-exp) - Lower threshold
Shape factor for water stress coefficient for canopy expansion (0.0 = straight line)
Soil water depletion fraction for stomatal control (p - sto) - Upper threshold
Shape factor for water stress coefficient for stomatal control (0.0 = straight line)

Soil water depletion factor for canopy senescence (p - sen) - Upper threshold
Shape factor for water stress coefficient for canopy senescence (0.0 = straight line)
Soil water depletion factor for pollination (p - pol) - Upper threshold
Vol% for Anaerobiotic point (* (SAT - [vol%]) at which deficient aeration occurs *)
Minimum air temperature below which pollination starts to fail (cold stress) (°C)
Maximum air temperature above which pollination starts to fail (heat stress) (°C)
Minimum growing degrees required for full biomass production (°C - day)
Electrical Conductivity of soil saturation extract at which crop starts to be affected by soil salinity
(dS/m)

Electrical Conductivity of soil saturation extract at which crop can no longer grow (dS/m)
Crop coefficient when canopy is complete but prior to senescence (KcTr,X)
Decline of crop coefficient (%/day) as a result of ageing, nitrogen deficiency, etc.
Minimum effective rooting depth (m)

Maximum effective rooting depth (m)

Shape factor describing root zone expansion
Maximum root water extraction (m3water/m3soil.day) in top quarter of root zone
Maximum root water extraction (m3water/m3soil.day) in bottom quarter of root zone
Effect of canopy cover in reducing soil evaporation in late season stage
Soil surface covered by an individual seedling at 90 % emergence (cm2)

Canopy size of individual plant (re-growth) at 1st day (cm2)

Number of plants per hectare
Canopy growth coefficient (CGC): Increase in canopy cover (fraction soil cover per day)
Maximum canopy cover (CCx) in fraction soil cover
Water Productivity normalized for ETo and CO2 (WP*) (gram/m2)

Water Productivity normalized for ETo and CO2 during yield formation (as % WP*)
Crop performance under elevated atmospheric CO2 concentration (%)
Reference Harvest Index (H1o) (%)

Possible increase (%) of HI due to water stress before flowering
Coefficient describing positive impact on HI of restricted vegetative growth during yield formation
Coefficient describing negative impact on HI of stomatal closure during yield formation
Allowable maximum increase (%) of specified HI
GDDays: from sowing to emergence
GDDays: from sowing to maximum rooting depth
GDDays: from sowing to start senescence
GDDays: from sowing to maturity (length of crop cycle)

GDDays: from sowing to flowering
Length of the flowering stage (growing degree days)

CGC for GGDays: Increase in canopy cover (in fraction soil cover per growing-degree day)
CDC for GGDays: Decrease in canopy cover (in fraction per growing-degree day)
GDDays: building-up of Harvest Index during yield formation




AN il — g WY ol 8 0 )l ¢ o ol (SR} 5 (55 luT 49 i

\OFA

(0 &alisl jlade il s0d AquaCrop 4a &5 ol Jl,b *) 2L S %ol )b ow 1B ol Y Joan

BUS (83959 S ol )by ol

X1* &y BB b osd s SB Ol ¢ 4o 55516
X2 Gl a3y (6t Jgeame 13 o 1 48 (C ) ab los
X3 Wb oo ial33l Lo Ll b Jguamme sy &S 51 51 5YL (C ) YU slos
X4 YU il — 2B b8 sl SB ol 455 2516
X5 Ol bl = gb 38 gl SB Ol s 556
X6 & 58 sl T G5 G sl JS5 558
X7 Y il - 285 S8 gl SB Ol 455 (g
X8 sl 59y S8 slp O G5 capd sl JS5 55516
X9 WU bl - gl sy slp S S alss g6
X10 &b o sl o G5 G sl US5 556
X11 VU el - Ll 03,5 olp S T (s alss ey
X12* (125 o &) Ism Lt b o] 1 45) (sls (2 (5 el (gl o 0>
X13* (C 215 5lo (s 42 )3 (oo (15) A5 (oo Cand 2 g9y LS 03,5 (] 125 48 Ism (gl JBlao
X14 * (C O3 bl g2 ) (2lo)S L) 48 Lo S 4y g9, SLidl 03,5 o (VL &S Ion glod 1Sl
X15* (395 = C %215 (sl (5 d29) 0355 g JulS W55 (gl Lo 3,90 1) 020 Sl
X16 % agb o gayd (5o 0 i) sud) S (65 Jpamo 85 il o] 1 o8 16 plitl o )lae (S 80 i
X17* (520 2t o (go2) A ) Wl (g0 S0 Jppamo o 3 8 S gludl ol (S S colan
X18 S 3l 8 bl cunl ol 2l oS Gloj (LS s
X19 ot 5 (395 3905 eSm 31 45 S clyie 4 (1) | 1) LS p inlS
x20 (350) 3o sy os Ji
X21 (%) Fpo ey Gos Sl
X22 * gy 5 diain 7S o JS 5516
X23 ) ¢ ailato (Vb Sl 13 (595 50 SB ooy ol o ie) ady gl Sl
X24 iy (s it ol Sl )3 (j) 3 S aSapio Ol e pis) aidyy gl el Sl
X25 * Jeab Syl als o 3 S5 s inlS b sy
X26 (e oo 8l i 78 3 Jlg sy 205 ST e
X27 (e s5L) Jgl 595 5 (o.kg™ 3)) (93,3 ol 5 o5l
X28 * a5 alS sl
X29 (591 32 S pu8) &b by ]33l 16 )
X30 SE by S 53 gl by pS1ae
X31 (e 5ol p5) CO2 g ETO sl 0 Jloy ol (539 020
X32* (%) 45 339, o > CO2 5 ETO (sl o Jloy o (59 05t
X33 * (%) yhmnos! 1> CO2 clale iol5él s Jgamme 5 Slos
X34 % () (H10) g2 o sl s
X35 * S o a5 s 4 bl il Jotoma el 31
X36 5 By b 53 00 3gaxe gy Ay bl pa3ld e 5 oy
X37 55 L9 Jgo 13 ol @9, il il (a3 (i il
X38 * o1 asudo cuiby pasls (X) floxe il S1as
X39 * oMb plles b cudls 5l ) gy )
X40 * ady) s Sl b culls 5l 4, g, 42
X41* o JETb 2l 4, 5, 42y
X4z2* (Jgameo 0393 Jobo) g5k @ cudlS jl i) oy e
X43* AL el s g, 42
X44 * (43 39 423) (25 > yo Jobo
X45 (33) 39 4233 p S Jhdgy o8 ) g Gide Gl
X46 (435 39y 423 p S by yuS )3) b by ialS
XA4T7 > Mg Ngy (b > cudlyy jadls Cale il oy )

S AQUACTOP (sl yio Jdo )3 &)pd g paS 3y Slas
abaio o aliw Wby Sy g (pgjd Cubd yd dlw Y8 (g0)90
AQUaCrop Jice & (caseus jl Gimgio cpl yd bl o 3w b
CBd (sy9h i 48,8 s > Lo 4 O dses Ll o solatuwl

5 ol @lio a8 (oLSin )3 ogad 4 gadge ol D) (gyide

oLS 35— Olie S slee ol (ol slnodls

g @9y (SHyk polie i) yiShis g Joho (slod cailjy) @ ye
(VRE (o San 5 J ) sl CO2 il BULs Silee

31 5L Gl e gl b < ingy () 5] B

9 BrF P 3y By (AL (83959 piie o Jiluwe



VOPA e 0T wyb 9 (938 Coivs alilaio 90 40 )3 g9 puiS Jgwazo 98 51y AQUACTOP Joo (2 g0 b 56T

(NSaqc—NScai)

Relative NS = x 100 (v)

ac

3 oacel Cnty Sl i5 asls Hlaie NSge o o oS

l_g )_:l).: po Nscal ol 0l u_’>b.~u‘5 ):.)Lo.a 9 d‘).!bl.m.c )JJLM

pole g Slhalie palie jl oael Couly CalSSlom 25 adli

il o (ol g il (slalass glg) Jao g o 3y,

2l NSqe Jade sl osds  suiwly 8> & Jao &Sl 4 av g5 b
St 5 i K

Lyt Comoliss (gaisalib
Vil dae o295 o Lot Sl (e Cu (g ool
Jod ool gl ozl ol o oslizul Cilises oy aibo
i b plol 50,8 S0y GAd s pgd (gabalb Ll (V)
o S i e 4y as e i o b 0,8 5,
sy Comlus o« S5 @il Gil38l b 0,8 o 3l (Cumwlas)
Sl (B 9 (39 ;ples @ dr g bl Gl sy
Closed ) diuws yio ;Lo s 4 a5 AquaCrop Jao  wd
oles MATLAB l;81 5 13 (w9538 b wcenl o (Source
a2 b wonen (L85 5 (qw)p 3)90 @l g 0l Mg bnjles
YVialss Jol 5 35290 yialily VI 51 el V5 pss pas &
5 ool 3590 (oo Comlus il (g Jlosl cax yialil

MWCI
Jg! &9 s Atk Y gua
Relative NS (%6) Plasy
05l S (None Sensitive) cowlus 9
Y0 (Low Sensitive) coawlus oS
Ye-ye (Moderate) 4Lo
Be-Ye (Sensitive) _olus
O« 3l yud (High Sensitive) Lol jlu

Ol e sl b e U lagisy > o jghailen

5l calises (63959 (sl yiolyb 4 AQUACTOP Jio (293 Comlus
o b9y ool 2 )5 ol (mdge Culus oS be) S
slaodls ulwl y Jie slajiel)b onds oxiwly yolie pus ]
23,5 do >+ B =0+ ojL 50 el o o & pladl ¢ Slialie
09 Sl 028 b g yeSde ol 3 yiell oL e e Ojle
NS IS sl o 1l Jie 5 ok o0l yueis nyielly ol
L edl cpl 9NS [adls awlio b coles ;5 05,5 e
o 60535 duslie (NSye) (ol alo oy ool oty lado

W ywg; 9 3190
2 (X475 X1 ) cowlus Sl (gly odlaiwl 5550 AquaCrop

axllbas 390 adhain

eiwly 4y baype (slodly cuwlus Llos gly Gaios oyl )
Y g ame gl )l_siu»)b 5 (29 sadkis > AquaCrop Juo
s ol (293 e 0.08)5 5115 adlllas 3)50 )3 5 puS
Jalow gl 0 Sas g 0097} 3y pd (5,0 (S pdaw
s g b Jao (il | ey NS 5 kil 3,50 Copuls
035 oLSSL 55 35590 (3 )y g ()b dod) Loudl cle ML
e 41,8 Wlos 3)lg abgrye (ola bl )3 a5 wlidlgn cla
Gl 4y i 4 bl 5 98 Gblie )5 5 pS (sl (gl
dS alool (Yo 0=V e 1) JLw Y g (V) F-1aVa) L Y5
oo Jles! cpe sals jlos oloin b (gilwdnd opl (9,5
Cazlad pae oo (gl peiomen ol odd a8 )5 a5 Cowlas
a8 Jguame gl (pgid cubd sdilaio > AquaCrop Jie
(Y AF1AVR) Jlo Y8 Cote 4 (po3d paiS (slp (s ilodunss sl 8
85 plox]

290 Comwlus o
Jie (295 () (rmdge Copnslues Jlod gl
0354 e 53 odd (uwly Jdo sl yiel)b 5l plas” a AguaCrop
03> st sl yial )l , o> 39 ol (5,8 b Aoy +0+ b -0
olde lil an Jao sl Hb s 3 0,8 |yl Iioee Jio 5 00
Db g0 iy g Oy AldSSlom (A5 Jae S el
Z?=1(Xpi'X0i)2
S ()
Z?=1(Xoi_ﬂo)
Slalog sl Jae bawgs oad dy5l s X, o o &S

NS=1

Ho 5 Leosls shiss T ¢ ((oxivwly) (Shnlie (so3ls X, cciliseo
- el panls cpl e cwl Slialie sosly 1Sle
PS5 Sy dn e Ls e dopp ASh e o Cute B ol
= (W7 e g (295) 3, 60 (LI Je il
5 55 oozl e S35 35 ) e il oo

2950 Aol pj Al 3l o] ke



AN il — g WY ol 8 0 )l ¢ o ol (SR} 5 (55 luT 49 i

VOV

adhis 90 y b )0 puiS (BIOMASS) 0395 Casj g (Yield) Jgaco
gob & cublS 3l ab) 5o, 42> (slayally (lia U o)l g (g3
(X34) o Ca..ﬁ‘.)).g ua>Lu) ‘(X3l) Co, 9 ETo (_g‘).g 04U J‘.n)_v
FHX18) oy 3 Jo8 Lol sl JolS £l oS Sloj (LS o2
Jie gy oad (gilwdn S @l o L sl I35 56
32,5 o adinMo aS jehailan il o0 555 5 AquaCrop
J.\_o Ja_w93 IR W) .))31)_3 of9§ Cuw) g Jy.a}u .))S.Lo& Comwlus
Sl g 009 wpalll 5l Jaus Loy paiS Jouae sl AquaCrop

Ll 0313 Cwy |) uJL.«.S\)‘ @L.’ @'UUQ@ <ol

@l 98 pasuie aidyge jl)l & Cund Jio (295 Cpmlus
or355 s il 33 5 €53 5y 9 (g o0 o
A b ol o ols i F U Y ela s 1 e oLl o)l g
s e yialil 5l ooy ol dlas caid 5 ¢ jquo lwlors &
9 (Foly Pl ay (lg o0 45 Wbl 00 )13)95 1 (08 Sl
548y T 5l (o3b; 0lass 1 a9 loj 3 gty sl
Sl 2y 9y am > sl yral )l 1 edliznl b Jae 48 el 5l ages
2 o gl el sl o (oxily ©)3 5 puS SV giae
295 > Jol et g 4l Conlis Sllas adlate 55 o
3y Shae )5l slp &S canl o 5l Sk ol aisb o Bl o Je

E Tr ET Biomass Yield
M40 None Sensitive X470 None Semsitive X470 None Sensitive X700 None Sensitive X47) 118 High Sensitive
Xd6| 2062 Sensitive N46[ 14983 High Sensitive Xd6[ 7686 High Sensitive Xdo| 15151 High Sensitive Xd6| 15133 High Sensitive
N5 4183 High Semsitive | X45| 1507 High Sensitive Xids| 1804 Moderate X45| 51622 HighSensitive X45| 38602 High Semsitive
X#4| 0 None Sensitive X4 0 None Semsitive X4 0 None Sensitive X4 0 None Sensitive X44| 181 Moderate
X430 None Sensitive X3 0 None Semsitive X3 0 None Sensitive X430 None Sensitive
X4 X4 X4 X2
X4l X4 X4 X
X40| 385 None Sensitive Xd0| 002 None Semsitive X 059 None Sensitive X0 o None Sensitive 0.04 None Sensitive
X3 4213 Sensitive X3 116 None Sensitive X0 L None Sensitive X390 825 Sensitive X3 Sensitive
X 0 None Sensitive X3 0 None Semsitive X 0 None Sensitive X3 0 None Sensitive X380 None Sensitive
X0 None Sensitive X371 0 None Semsitive X370 0 None Sensitive X371 0 None Sensitive X370 None Sensitive
X360 None Sensitive X 0 None Sensitive X[ 0 None Sensitive X[ 0 None Sensitive X36| 045 None Sensitive
X[ 0 None Sensitive b1} None Sensitive X500 None Sensitive X0 None Sensitive X350 None Sensitive
XM 0 None Sensitive XMl 0 None Sensitive XM 0 None Sensitive XH| 0 None Sensitive
X1 0 None Sensitive X33 0 None Semsitive X330 None Sensitive X330 None Sensitive None Sensitive
X2 0 None Sensitive x| 0 None Semsitive x| 0 None Sensitive X3 High Sensitive
X0 None Sensitive X3 0 None Sensitive X3 0 None Sensitive X3l _
X30 X30 X[ 13746 High Sensitive X30| 101257 High Sensitive X3 79185 High Sensitive
0 None Sensitive Xm0 None Sensitive Xm0 None Sensitive X 0 None Sensitive X9 0 None Sensitive
X A28 High Sensitive X 378 None Sensitive Xl 2 None Sensitive x| 3876 Sensitive X 285 Sensitive
X0 None Sensitive X0 None Semsitive X7 0 None Sensitive X7 0 None Sensitive X7 None Sensitive
X26| 5138 High Sensitive X26| 378 None Sensitive X6 2 None Sensitive X26| 3876 Sensitive X16| 285 Sensitive
X235 306 None Sensitive X5 0 None Semsitive X5 042 None Sensitive X5 003 None Sensitive XI5 0a2 None Sensitive
XM 0 None Sensitive Xul o0 None Sensitive Xuf o None Sensitive Xl 0 None Sensitive X 0 None Sensitive
B[ 04 None Sensitive Xnfoo None Semsitive Xl om Nane Sensitive Xl oo None Sensitive X3 None Sensitive
a2 3 None Sensitive X None Sensitive Xz 08 None Sensitive Xz 009 None Sensitive Xz 003 None Sensitive
X2 228 Sensitive X2| 036 None Sensitive x| 237 None Sensitive x| 1n None Sensitive X1 048 None Sensitive
X20| 545 Law Sensitive X0| 0o None Semsitive X 074 None Sensitive x| 007 None Sensitive X0 0 None Sensitive
X9 042 None Sensitive X19| 099 None Sensitive X1 0m None Sensitive X19| 146 None Sensitive X9 L2 None Sensitive
o0 None Sensitive Xi7f oo None Sensitive X7 oo None Sensitive 7|0 None Sensitive Xi7| None Sensitive
Xi6f 0 None Sensitive Xi6[ 0 None Sensitive Xio[ 0 None Sensitive Xi6| 0 None Sensitive Xi6| 0 None Sensitive
Xis| 681 Low Sensitive XI5 10027 High Sensiive X15| 6253 High Sensitive X15| 77189 High Sensitive XI5 60794 High Sensitive
XHf 0 None Sensitive X[ 0 None Sensitive X[ 0 None Sensitive X 0 None Sensitive X14| 90638 ‘High Sensitive
X3 0 None Sensitive X3 o0 None Semsitive X3 0 None Sensitive X130 None Sensitive XI3| 12508 High Sensitive
Xzl 0 None Sensitive Xiz| o None Semsitive xiz| o None Sensitive X1zl o0 None Sensitive Xizj o None Sensitive
oo None Sensitive Xl oo None Sensitive Xl o None Sensitive Xif o None Sensitive X o None Sensitive
Xl o None Sensitive Xl o None Sensitive Xl o None Sensitive X o None Sensitive X o None Sensitive
X9 0.03 None Sensitive X9 001 None Semsitive X9 ] None Sensitive X9 004 None Sensitive X9 001 None Sensitive
X8 ] None Sensitive X8 0 None Semsitive X8 ] None Sensitive X8 ] None Sensitive X§ 0 None Sensitive
X7 40.26 Sensitive X7 014 None Sensitive X7 53 Low Sensitive X7 04 None Sensitive X7 L35 None Sensitive
X ] None Sensitive X6 0 None Semsitive X6 ] None Sensitive Xb ] None Sensitive X6 0 None Sensitive
X3 107 None Sensitive X§ 03 None Sensitive X5 05 None Sensitive X5 117 None Sensitive X5 (1] None Sensitive
X[ 047 None Sensitive X407 None Sensitive X[ 0 None Sensitive X[ 087 None Sensitive X4 051 None Sensitive
X3 1313 Moderate X3 5434 High Sensitive X3 847 Sensitive X3 84 Sensitive X3 444 High Sensitive
X2 ] None Sensitive X2 0 None Semsitive X1 ] None Sensitive X2 ] None Sensitive X1 0 None Sensitive
X1 ] None Sensitive X1 0 None Semsitive X1 ] None Sensitive X1 ] None Sensitive X1 0 None Sensitive

Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness

Sensitivity (%a) Effectiveness

Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness

G2 OFw (2938 sellte )3 @S (51 (Camlus ) 50,8 Uy b g (1) Jgaa 51 oalitnl L s el )b ol (gaivalib ) S

il 1,1 (V) 9 (1) sBsss 53 W yiel,b ol cdd g0 Ui 1y (F) Jato bl Calins (53 ol yginn 5 ool b (6 15 31 ol 5w



VOV

ol Jl.g]-uv)l{‘ 9 (12958 oo adlaio 98 50 W)d g puiS Jgaxo 90 (gl AquaCrop Joo (rog0 Comwlis )JbT

2 Al Sy i L5 IS 6 o tall o5 o3y
Jyame S5 sy & 905 (g (i Glgee IS saper S
J_;Le C)‘J—;% 4_5‘“‘“’ ~]9 u"l—““’ 9 )];\5)..‘51; dl—‘b)r'“])li ‘u""w&
2 lp 2o ol )0 ol wuldl g SWlas dilais 95 4 (425
w‘ o..\.bb‘.m.n JJB u)J 9 P.\.f J}M 9.)
9 ool Lo el , g anpn oloj)l sl (iomen
390 calize (Lo 29,5 4 Cons AQUACTOP Jso (olue jue
L 5 awloe (wlus e sl ol )b duoyd 5 0las ¢ oo 1]

Cpos® adlaie 63 10 )3 Jgame (ly ol vy ol (wyy

A8 Jguaze IS, 4SS Cuwl "j SIS ol ] ook g
slod slo oy 4 Cod Jao Lo 00d 359150 Jpuamo 3 ,Slas
a3 X3) wbsod Ll Lod T3l b Jseases 03, ol 5 5L
Esh b cudlS 5l ad) jgy )3 9 (XA3) (S b il 5l ad) 5o,
o=l deg BB asG .cal jlyes (6oL slaw Camlus I (X42)
Jso wlue (sl yiolib sy Sldllas dilais 93y (gly &S ol
Sl Oizmed A8l e GLnSs Jgmanme 3, Slos 350, gl
9 yBu g9 03¢5 Cann ) (yoome AQUACTOP Jio ;505 (sl g5

E Tr ET Biomass Yield
X410 None Sensitive X700 None Sensitive X470 None Sensitive X471 00 None Sensitive X47
Xd6| 062 None Sensitive Xd6| 083 None Sensitive Xd6| 028 None Sensitive Xdo| 1164 Moderate Xd6| 047 None Sensitive
X45| 60381 High Sensifive Xd5| 12454 High Sensitive X45| 374484 High Sensitive X45| 18T High Sensitive
X4 0 None Sensitive X4 0 None Sensitive X#4| 0 None Sensitive X o0 None Sensitive X44| 00 None Sensitive
X43[ 5189 High Sensitive X43| 593 Low Sensitive X443 012 None Sensitive X43| 4528 Sensitive X43
Xd2| 4236 High Sensitive Xd2 X4 X4z Xd2
X4l 114.09 High Sensitive Xl X4l X4l X1
X40| 13573 High Sensitive X40| 165 None Sensitive Xd0| 1164 Moderate Xdo| 743 Low Sensitive 0| 013 None Sensitive
X3 067 Sensitive X3 94 Low Sensitive X¥| w2 None Sensitive X3 879 High Sensitive X3 L7 None Sensitive
X0 None Sensitive X0 Nene Sensitive X# 0 None Sensitive X0 None Sensitive X3 0 None Sensitive
X310 None Sensitive X7 0 None Sensitive Xm0 None Sensitive X370 00 None Sensitive X370 00 None Sensitive
X6 0 None Sensitive Xi6| 0 None Sensitive X3 0 None Sensitive X 0 None Sensitive X36) 001 None Sensitive
X0 None Sensitive X0 Nane Sensitive X3 0 None Sensitive X0 None Sensitive X350 None Sensitive
X4 0 None Sensitive X4 0 None Sensitive XH 0 None Sensitive XM 0 None Sensitive X34 55058 High Sensitive
X3 0 None Sensitive X3 0 None Sensitive X3 None Sensitive X330 None Sensitive X330 None Sensitive
32 0 None Sensitive 30 None Sensitive X0 0 None Sensitive X32| 415243 High Sensitive X312 13601 High Sensitive
X3 0 None Sensitive X3 0 None Sensitive X310 None Sensitive X3 _ X3 S8 High Sensitive
NI 12684 High Sensitive | N30| 65319 High Sensitive X30| 19186 High Sensitive N30| 502862 High Sensitive X30| 16188 High Sensitive
X 0 None Sensitive X®| 0 None Sensitive Xm0 None Sensitive X9 0 None Sensitive X9 0 None Sensitive
X8| 0.9 Sensitive X8| 1593 Moderate X8| 4T None Sensitive X8| 9306 High Sensitive X1§| 1M None Sensitive
Xl oo None Sensitive X7 e None Sensitive Xm0 None Sensitive X7 None Sensitive X170 None Sensitive
X26( 2009 Sensitive X6 1593 Moderate X 47 None Sensitive X126 9306 High Sensitive X6 1% None Sensitive
X250 None Sensitive X5l 0 None Sensitive X 0 None Sensitive X5 0 None Sensitive X150 None Sensitive
X[ 008 None Sensitive XM L4 Nane Sensitive XH| 064 None Sensitive X 305 None Sensitive X4 009 None Sensitive
X3 058 None Sensitive X13| 3897 Sensitive X1 ns Sensitive X23| 15148 High Sensitive X13| 48 None Sensitive
X1z| 1554 High Sensitive X11| 467 None Sensitive X2| 1093 Moderate X22| 19 Moderate X12| 047 None Sensitive
Xz 17828 High Sensitive X1 6538 High Sensitive X 2599 Sensitive x| 270 High Sensitive x| 887 Low Sensitive
X0| 32939 High Sensitive X2| 034 None Sensitive X 3063 Sensitive X 158 None Sensitive X20| 006 None Sensitive
X190 None Sensitive X19| 725 Low Sensitive X19| 453 None Sensitive X19) 6907 High Sensitive X19| 125 None Sensitive
xis| 219 Sensitive X18 x1s NI 1830778 High Sensitive | XI§| 59058 High Sensitive
X170 None Sensitive X170 None Sensitive X170 0 None Sensitive X170 0 None Sensitive X170 0 None Sensitive
X6 0 None Sensitive Xi6| 0 None Sensitive Xl 0 None Sensitive X 0 None Sensitive Xi6| 0 None Sensitive
XI5[ 419 None Sensitive XI5 19476 High Sensitive XI5| 12719 High Sensitive XI5| 166633 High Sensitive XI5 5077 High Sensitive
X4 0 None Sensitive Xi4| 0 None Sensitive X4| 0 None Sensitive X 0 None Sensitive X4
Xi3f oo None Sensitive X3 o None Sensitive X3 0 None Sensitive X3 oo None Sensitive X130 None Sensitive
xizf oo None Sensitive X2y o None Sensitive Xzl o None Sensitive Xz o0 None Sensitive Xiz) 0 None Sensitive
x| oo None Sensitive Xu| o None Sensitive x| oo None Sensitive X o0 None Sensitive X o0 None Sensitive
Xiof o None Sensitive Xl o Nane Sensitive X 0 None Sensitive X o None Sensitive Xl o None Sensitive
X9 18217 High Sensitive X9 197.75 High Sensitive X9 | 504 High Sensitive X9 128468 High Sensitive X9 | 3885 Sensitive
X8 ] None Sensitive X8 0 None Sensitive X8 0 None Sensitive X8 001 None Sensitive X8 0 None Sensitive
v D | v s | v o | x| 7 s
X6 ] None Sensitive X6 0 None Sensitive X6 ] None Sensitive X6 [} None Sensitive X6 0 None Sensitive
X5 | 20677 High Sensitive X5 2] High Sensitive X5 | 56.06 High Sensitive X§ 14063 High Sensitive X5 [ 3007 Semsitive
X4 217 None Sensitive X4 113 None Sensitive X4 0.35 None Sensitive X4 7.68 Low Sensitive X4 017 None Sensitive
X2 133 High Sensitive X2 35651 High Sensitive X1 12646 High Sensitive X2 | 305805  High Sensitive
X1 [} None Sensitive X1 o None Sensitive X1 [} None Sensitive X1 [] None Sensifive X1 o None Sensitive

Sensitivity (%o) Effectiveness Sensitivity (%) Effectiveness

Sensitivity (%a) Effectiveness

Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness

G g (32938 Gallain ;0 &3 (6 (Camwle @add) 50,8 Sy a9 ¥ Jgda 1 ealiw] b b ol )b Comlis gaivaib - Y JSWS

il 1,1 (V) 9 (1) sBsss 53 W yiel,b ol cdd g0 3L 1y (F) Jagto (bl g Calins (53 ol yginn 5 ol b (6 15531 ol 5w



AN Wbl — g AT ol o 0l ¢ ol ! (inSB) g gyl 49 ot VOVY

E Tr ET Biomass Yield

X470 0 None Sensitive X470 None Sensitive X471 0 None Sensitive X710 None Sensitive X47| 39825 High Sensitive
x| 567 High Sensitive Xd6| 25265 High Semsitive Xd6| 85 High Semsitive X46| 18805 High Semsitive X46| 25635 High Semsitive
X45| 28854 High Sensitive X485 2675 Sensitive 45| T2 High Sensitive X45|  T405 High Sensitive
None Sensitive X4 0 None Sensitive X4 0 None Sensitive X4 0 None Sensitive X440 None Sensitive
X4 None Sensitive X430 None Sensitive X4 0 None Sensitive X430 0 None Sensitive Xd3| 44798 High Sensitive
X2 x4z _ Xi2| 41259 High Semsitive X42
i it i 61 Semitve | ol
X4 0 None Sensitive X400 0 None Sensitive Xd| 0 None Sensitive X400 None Sensitive X0 0 None Sensitive
X3 3183 Sensitive X3 56 Low Sensitive X3 075 None Sensitive X3 4441 Sensitive X39| 4494 Sensitive
X 0 None Sensitive X380 None Sensitive X 0 None Sensitive X380 None Sensitive X 0 None Sensitive
X3 o0 None Sensitive X370 0 None Sensitive X7 o None Sensitive X371 0 None Sensitive X7 0 None Sensitive
X 0 None Sensitive X3 0 None Sensitive X 0 None Sensitive X3l 0 None Sensitive X6 141 None Sensitive
Xi o0 None Sensitive X350 None Sensitive X\ None Sensitive X350 None Sensitive X0 None Sensitive
Xl 0 None Sensitive X34 0 None Sensitive XMl o0 None Sensitive XMl o0 None Sensitive
X330 None Sensitive X330 None Sensitive X330 None Sensitive X33 oo None Sensitive
x| o0 None Sensitive X3z 0 None Sensitive X None Sensitive X3z
X3 o0 None Sensitive X0 None Sensitive X310 None Sensitive X31
o IR 0| 873 HighSemstve | X0 16879 HighSemsiive X30| 136651 High Semsitive X30| 139551 High Sensiive
X 0 None Sensitive X9 0 None Sensitive hell ] None Sensitive X9 0 None Sensitive X9 0 None Sensitive
X8| 4401 Sensitive X 9 Low Sensitive X8| 096 None Sensitive X8| 6131 High Sensitive X8| 6219 High Sensitive
X0 None Sensitive X270 None Sensitive X7 None Sensitive X7 oo None Sensitive xfoe None Sensitive
X26| 4401 Sensitive X26| 928 Low Sensitive X6 096 None Sensitive X6 6131 High Sensitive X16| 6219 High Sensitive
X235 547 Low Sensitive X5 0 None Sensitive X5 07 None Sensitive X250 0 None Sensitive X5 0 None Sensitive
XH| 0 None Sensitive XM 0 None Sensitive XMl o0 None Sensitive . o2] ] None Sensitive X4 0 None Sensitive
x| o0 None Sensitive hvi] ] None Sensitive hokI ] None Sensitive o] ] None Sensitive X3 0 None Sensitive
x| 0 None Sensitive x| oo None Sensitive x| o None Sensitive X2z o None Sensitive x| oo Nome Sensitive
X2| 4146 Sensitive X2 M Sensitive Xu| 12 Low Sensitive X21| 646l High Sensitive X1 665 High Sensitive
Xa| 083 None Sensitive X o None Sensitive Xu| a2 None Sensitive x| o None Sensitive X o None Sensitive
X1 014 None Sensitive X9 153 None Sensitive X 074 None Sensitive X1 159 None Sensitive X19| L6z None Sensitive
X170 None Sensitive X170 None Sensitive X7l None Sensitive xi7foo None Sensitive X7 o None Sensitive
X16 101 None Sensitive Xl1a 181 None Sensitive XI6 034 None Sensitive XI16] 35 None Sensitive X16 031 None Sensitive
X1 939 Low Sensitive XI5| 16013 High Sensitive Xi5| T.m High Sensitive X15| 97169 High Sensitive XIS[ 101804  High Sensitive
X4 L} None Sensitive X4 [} None Sensitive X4 [ None Sensitive X4 0 None Sensitive X14 111338 High Sensitive
X0 None Sensitive X0 None Sensitive X0 None Sensitive X0 None Sensitive X3 o0 None Sensitive
xiz| 0 None Sensitive Xizp oo None Sensitive xiz| o None Sensitive Xzl 0 None Sensitive Xizf o None Sensitive
X oo None Sensitive X oo None Sensitive x| oo None Sensitive x| oo None Sensitive X o None Sensitive
Xuw| 0 None Sensitive X o None Sensitive X o None Sensitive x| o0 None Sensitive X o None Sensitive
X9 [ None Sensitive X9 0.03 None Sensitive X9 0 None Sensitive X9 0.04 None Sensitive X9 0.04 None Sensitive
X8 ] None Sensitive X8 0 None Sensitive X8 0 None Sensitive X§ ] None Sensitive X8 ] None Sensitive
X7 1798 Maoderate X7 0.66 None Sensitive X7 1 None Sensitive X7 L3 None Sensitive X7 405 None Sensitive
Xb ] None Sensitive X6 0 None Sensitive X6 0 None Sensitive X6 ] None Sensitive X6 ] None Sensitive
X5 078 None Sensitive X5 0 None Sensitive X5 0 None Sensitive X§ 045 None Sensitive X5 128 None Sensitive
X4 005 None Sensitive X4 002 None Sensitive X4 0 None Sensitive X4 0.06 None Sensitive X4 0.19 None Sensitive
X3 | 2749 Sensitive X3 95.63 High Sensitive X3 3136 Sensitive X3 | 47 Sensitive X3 | 65947 High Sensitive
X2 ] None Sensitive X1 0 None Sensitive X1 0 None Sensitive X2 ] None Sensitive X1 ] None Sensitive
X1 ] None Sensitive X1 0 None Sensitive X1 0 None Sensitive X1 0 None Sensitive X1 0 None Sensitive
Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness

i Moy el > 055 (1 (S 03) o8 5 505 (1) S 195l b il ool vy Y S5
G11(Y) 5 (V) g ;5 b elyb U cand oo L 1) (¥) Jgaa ol pr Sl (g 55 Canly (gt g pol,b (6,155 51 ol 50 o
R X

3590 Sl 293 S a1 3Lyl 9 (g3 BbLe 1> )3 g 0 Jgazs (51 AQUACTOP Juo (ol yué Gl il o3 - € Jgua

Jaw 3l Ut
o9 T by
Gyd pnS Gy pas
sY A YA oy E
sY AY \at Y Tr
LN ¥ ¥ ET
¥a vy YA o) Biomass
sY 5. YA ¥o Yield

s Wy ) 0 oSNl




VOVY leo obTwsb 9 o938 coivs alilaio 90 40 )3 g puiS Jgwazo 98 51y AQUACTOP Joo (s g0 b 56T
E Tr ET Biomass Yield

X470 None Sensitive X471 0 None Sensitive X471 0 None Sensitive X470 0 None Sensitive X471
Xd6 .67 Moderate Xd6' 135 Moderate Xdo pAL None Sensitive Xdb| 8852 High Sensitive Xdo 299.28 High Sensitive
Xds5 X453 174456 High Sensitive Xd5|  169.77 High Sensitive XN45| 203424 High Sensitive X45|  19L77  High Sensitive
X4 [} None Sensitive X4 0 None Sensitive X4 [} None Sensitive X4 0 None Sensifive X4 0.08 None Sensitive
X43 8502 High Sensitive X4 17.04 Moderate X43 L64 None Sensitive X4 3585 Sensitive X43
Nd2| 18633 High Sensitive X4 X421 1692390 High Sensitive X4 X42
N4I| 130414 High Sensitive X4l X41| 155744 High Sensitive X4 X41
Xd0f 18827 High Sensitive X40( 2991 High Sensitive X40| 10385 High Sensitive Xdb|  570.11 High Sensitive X40| 53565 High Sensitive
X3 6 High Sensitive X¥| 776 High Sensitive X3 MM Sensitive X3 15754 High Sensitive X319 1486 High Sensitive
X3 0 None Sensitive X8| 0 None Sensitive X 0 None Sensitive X380 None Sensitive X3 0 None Sensitive
Xm0 None Sensitive X370 None Sensitive Xm0 None Sensitive a7 0 None Sensitive X370 None Sensitive
X3 0 None Sensitive X36| 0 None Sensitive X3 0 None Sensitive X[ 0 None Sensitive X6 013 None Sensitive
X35 [} None Sensitive X35 o None Sensitive X35 [} None Sensitive X350 None Sensifive X35 1] None Sensitive
XM 0 None Sensitive X340 None Sensitive XH| 0 None Sensitive X34 0 None Sensitive XM| 1356313 HighSensitive
XBfo0 None Sensitive X3l oo None Sensitive X3 0 None Sensitive X330 None Sensitive X3 0 None Sensitive
X321 0 None Sensitive x| o0 None Sensitive X320 None Sensitive 32| 41676 High Sensitive X32| 388727  HighSensitive
X3 o0 None Sensitive a1 o0 None Sensitive X3 o0 None Sensitive X31 _ X31| 1370435 HighSensitive
NW| W12 High Sensitive | Xi| 198274 High Sensitive X30| 61386 High Sensitive A3 MHLI4 High Sensitive X30| 371823 High Sensitive
XB 0 None Sensitive Xm0 None Sensitive X1 0 None Sensitive X9 0 None Sensitive X 0 None Sensitive
X8| 61T High Sensitive X8| 8537 High Sensitive X8| 2956 Sensitive X8 13am High Sensitive X8| 12678 High Sensitive
x| oo None Sensitive v ] None Sensitive X0 None Sensitive xrf oo None Sensifive X170 None Sensitive
X26| 6174 High Sensitive X26( 8537 High Sensitive X26| 2956 Sensitive X6 13372 High Sensitive X6 126.78 High Sensitive
X5 1 None Sensitive X0 None Sensitive X5 029 None Sensitive X[ 0 None Sensitive X5 0 None Sensitive
XM L76 None Sensitive X24 5139 High Sensitive XM nn Sensitive X| 7953 High Sensitive X4 7527 High Sensitive
X3 155 None Sensitive Xp | 36342 High Sensitive X3 25022 High Sensitive X23| 41258 High Sensitive X13| 38802 High Sensitive
Xn2f 243 High Sensitive X use High Sensitive X2 10002 High Sensitive X22| 26758 High Sensitive X12| 2507 High Sensitive
X211 29528 High Sensitive X2 61788 High Sensitive X1| 18949 High Sensitive X21| 107874  High Sensitive X1 10024 High Sensitive
X20| 62979 High Sensitive Xw| 9162 High Sensitive X 17713 High Sensitive x| 1y High Sensitive X20| 20842 High Sensitive
X9 .63 None Sensitive X19 20.13 Sensitive X1 1355 Moderate X19| 7.9 High Sensitive X1 67.01 High Sensitive
X8| M8 Semsive X1 X18 s SRS vis| 102008 HighSensitive
X170 None Sensitive XI7f 0 None Sensitive X7 0 None Sensitive X170 None Sensitive X170 None Sensitive
X6 0 None Sensitive X16| 0 None Sensitive Xl6| 0 None Sensitive XI6[ 0 None Sensitive X16| 0 None Sensitive
XI5 374 None Sensitive XI5| 43938 High Sensitive X15| 31357 High Sensitive XI5| 121562 High Sensitive XI5| 114856 High Sensitive
X4 0 None Sensitive X4 0 None Sensitive X4 0 None Sensitive X4 0 None Sensitive X4
X3 [} None Sensitive X3 o None Sensitive X13 [} None Sensitive X3 0 None Sensifive X13 1] None Sensitive
Xiz| 81 Low Sensitive XI2| 239824 High Sensitive XIZ| 169231 High Sensitive X12| 397863 High Sensitive X12| 372634  HighSensitive
X [} None Sensitive X 0 None Sensitive xn [} None Sensitive Xn o None Sensifive X 1] None Sensitive
X10 [} None Sensitive X190 o None Sensitive X1 [} None Sensitive Xl o None Sensifive X1 ] None Sensitive
X9 [ 21258 High Sensitive X9 200.66 High Sensitive Xo | 2988 Semsitive X0 | mn High Sensitive X9 264.98 High Sensitive
X8 15 None Sensitive X8 1106 Moderate X8 1045 Moderate X8 4529 Sensitive X8 4294 Sensitive
| w gt | [ S AN | s s
X6 427 None Sensitive X6 pE Sensitive X6 18.04 Moderate X6 ki High Sensitive X6 68.94 High Sensitive
X5 2626 High Sensitive X5 24508 High Sensitive X5 3939 Sensitive X5 357.68 High Sensitive X5 918 High Sensitive
X4 654 Low Sensitive X4 708 Sensitive X4 20.56 Sensitive X4 8131 High Sensitive X4 7575 High Sensitive
X3 X3 | 175976 High Sensitive X3
X2 | 57m335 High Sensitive X2 104099 High Sensitive X2 3837 High Sensitive X2 | 317083 High Sensitive
X1 [} None Sensitive X1 o None Sensitive X1 [} None Sensitive X1 o None Sensifive X1 1] None Sensitive

Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness

Sensitivity (%) Effectiveness

Sensitivity (%) Effectiveness Sensitivity (%) Effectiveness

e g bl (gailie 13 )5 (6l (Camwlue ) 30,8 S5, a9 ¥ Jgaa 51 03ll b b sel by Sl (sabalb —£ JSUW5

iloand @11 () 9 (V) sladgan 50 b yialyly ol aad o Ui 1 () Jgaa bl p ool (542 )3 Cuwly g g piel )y (6,18 51 30

o (98 adhate gl 5 (0 )8 Vb Cumlas b g (ol diwd
9 pAS Jpaze sly g (938 adlate ;3 Bl oo yieS iy
9 Otride G 5 4 olS 35 9 Jgame 3,Ses 4 by
aS el o ol g ablb o (lue (gbayielyl dspd e
JHo g oad (Giloded 039 Cunj (293 10> Jgae
adbate )3 (piomen Ml eles ()il ($39)9 Sl yl)l 4
Jsao 3Skos &3 bgiyo (295 puS Jpame sl 93U o)k
sbayiahl o0y g cn it Gl 5 4 35 9 55
ap Vb plad (gl S (St S 3 bl oo ol
2 alde (G490 4 S (958 sailate > SV guazns w0l

Wl (5555 (LS ooyl 4 2T o)y gailaie

Jie olas it gl piehl 1o (F) Jgi am aas L

VA 390 5> lse dl oy 45 paiS Jgae (<l AquaCrop
Oroxed Bl e (958 ddlais )3 pAS Jgazme Sl oS Moy
o5 4 ol i sl S g hoyd @) Jpare sl
o o (2l 9 1Bl oo i Cilhe 4y olT )l dilaie (ol
el 955 3550 <l AquaCrop Jas ;I oslaiuwl 45 el
ailaio cpl )3 355 9 s 5 035 Cumj o Jyarme 3 Slas (gman
ool adlate U Al oo (508 plus syl 4 Sl
ool (sl 203 puS Jguaso (sl g (938 dilais )3 ol
b olye B (A 5 STl e 05 Jpazee I yieS Ja
a5 e 3,Slec 3152 sl Jio ol e (sl sl o5
2 aS ol yell ao)d Lol bl o sy j5Sie adlaio 90 & 4



\OVY

o

b olpl SRy e gkl &

1— cyotg Y ol S o,

Aodaw

AARYA

A 4 u a I 4 VA o o4 44 A A 0 W “ 4 4 W VA W % LPX
A 1S Q 4 “ a4 ey A AL W A v v 4 ¢ i u 44 44 W orX
A ¥ ¥ v i A v v A 4 “ v v ¢ it v W A ¥ A [S75°¢
W o A A AL A YA o 24 44 A A ¥ W M A A W YA W + TPX
4 I A A AL A A M ¥ A A A ¥ W A . W M (N A % EVX
\ 4 A N i 4 & n n w v i i A A n 4 i 4 n % (FPX
v A A i A A ° * * A © A A i 4 ¢ v < ° 4 x [PX
N W 4\ A o 44 44 o A A A “ ¥ W A n A 2 A A % 0FX
i A A W A A w 2 B B 8 A A A v o A W A AL % 6EX
. Al A an m AL YA o4 @4 44 A 34 A W I [N Y W YA 15 % 8EX
A i A A a A A o 94 34 I A v W A @ . A YA A LEX
o4 M Ad i m 4 YA oL [y 44 [ A 0 W u vy -4 9 Yo % 1*19'¢
%Y a A A Iy A i o o4 44 A A 3 W A o I w4 i w % SEX
4 " AL A AL “ i o o 44 4 Iy v W ey ¥ oy W i W % PEX
[ e A Yy 'y AL A o a4 44 A " v W A o . ) A W % EEX
A v A A A A v o o 44 4 ? A0 W A M A ) A W % CEX
s I A au A v \ o o 4 4 A i W ey v . W VA w 1EX
v 4 4 i . A A < < A A 4 i 4 \ A v A A A 0€X
[¥Y I oy A I AL YA o o4 <4 A a4 ¥ W A [N A W YA 9 6TX
# “ tw % 9 A E A A AV 4\ W W \ < “ %Y . Yi o % 3TX
¥ a I an v A YA o4 EN 44 Ak AL v W a @4 4 W YA w LTX
A “\ w b v A A IS A AL AL " " \ ¢ £ i A v o 97X
e o v v A A A o o o A iy A W a o . VA YA A % STX
[ A oy i AL VA o % Al a A L ¥i W A w o I %Y o X
[¥Y A A A ¥ W o M A AL A A v " ¥ B o “ AL i cTxX
Vi ‘A AL v 4\ a4 " £ i) \ A " v " A A 0 o 5 " % CCX
I 4 “\ A v v M E0S A v o “ v v v AL A " “\ v 12X
44 ¥ Al v A i 44 A AL 9 M AL AL b E % ) I A A 00X
¥ I o A 4 A v Xt AL A A A o A v [ oy a4 a A 61X
A v \ \ A v A \ \ o A \ \ \ A w 3 A N " SIX
[ a4 M M A A s o4 ol 4 a " v i “ o A 4 Vi f % LIX
¥ a A A v A YA o e 44 Al oW 4\ AL o @4 A W YA w % 91X
\ A Fl A A o W A w * * A 4 A a ES an b W Ak % SIX
v " o L A 9 Vi o o A v 4 v W u A . u Vi 9 «PIX
0 e A a A A VA o 24 44 A A v W M o . 9 A W %« EIX
. 4 M a AL AL YA o 24 44 A a4 0 W a4 A + v 4 A $ CIX
[ a A A A A VA o o A A " v W a“ o . W VA A [1X
[ A oy au " I VA o4 o 44 A A i W iy o -4 W VA W (1194
4 m A v Yy A a I “ v @ 4 v A w A4 A W o A 6X
[ m AL a AL A A o o 44 N Iy v s A A Vi o4 A 44 {8X
4 v v o v “w 4 A @ \ W A R o W \ < \ A @ LX
¥ a A i I iy Vi o o 4 AL " vt W “ ‘A 4 A 0 A 9¥
o o b i v 4 a -\ v A A v v 4 A [ £ 4 s “« X
oy A ¥ £ W M i A u ‘A A W 0 v -4 VA oy A " [ X
“ A A v W . A v A A w A A v “\ \ A A \ . €X
N a4 A a AL A A v v < A " v " M A “ v % v X
¥ au au an AL i VA o4 @4 44 Ak AL ¥ W a @4 B W Vi w % X
PPIA_ssewiolg 14 A1 A PPIA_ sseworg j4 Al A PPIA__ sseworg 14 1L 4 PPIA_ sseworg 19 i1 1

sree R0

o gl

v {0 e

‘o Ao e

hﬂq.hﬁ_ - ﬁ.ﬂ«i?..d.ﬂ Jﬁ-oﬂ.ﬁﬁ“a MJ&»J m.ﬁrmu € ....W, r..w Jﬂﬁm%ﬂ-ﬂ Iaaal < ¢ ?.Jm a5 .ﬂKﬂm.J.

ecebrm s € (4 Afjef ™ sv o€ doapunby o7 e oge (€ TP FrEer)-

g — el G (rmmm cbica € sorslc oncedd ) of o€ g [ o) gf6FD7 6 {FeO e K9 wfne €



VOVO  lro 0T wsb 9 (938 coivs alilaio 93 40 )3 g puiS Jgwazo 98 51y AQUACTOP Joo (s g0 b 56T

Hlade w5155 05 AQUACTOP ;5 oS (o piol )y *) dilio 95 Egoome 9 SUSES 1,3 g Pl SV gaao (51 y b ol )by (iaasy -1 Jgus

(52 (5 lies!
P @y .
p - . = Mgb » ng:wgb Egooro
MIgwyb o9 g LTyl g Egeee
X1* MWy Y ey 10) Ntz YAY AR
X2 WY \YY YYY v v vy YoF
X3 o- A 1 A V¥ vy wm
X4 aq a5 140 WY VWY Yy Y0
X5 a9 AY WA \'a% of WY Y.
X6 WY WY Y WY \\rd Y5 ¥ay
X7 \4) A VFY y¥ Yo ¥a ARN!
X8 MY \YY YYY YA WO yvYy 4
X9 aa A YA¥ AD 5 i YOA
X10 W WY Yy AT\ \\rd YAV ayv-
X11 AN WYY YYY V) W YAV ov-
X12 * WY WY ey ay \\rd AR fYY
X13 * ARN \oF YV AN \\rd YAV a-¥
X14 * ay aq gt \YY V. Yy FrY
X15 * ¥y ¥y Ad Y\ sY \YF A
X16 * AY WY v-¥ AN \\rd YAV ¥
X17 * AN WYY Yy V) W YAV ov-
X18 \\4 A4 Y YA YA 5 Voo
X19 AY AY \ ¥ aa Y'Y YA
X20 V¥ ay a8 va s N VA
X21 o) \4 WY £ l<a \\i4 Yo-
X22 * AR aa y-5 AY - WY va
X23 AREY WA Yyv A+ AY \EY Ya.
X24 Wy WYY Yy VWY Y- YYY Ve
X25 * vy V¥ AEa VFA WY YAY FAF
X26 [ [\ Ved Voo AY VAY YAR
X27 WY WY Y VO \\rd YAY oy
X28 * OF ) Voo Voo A¥ VAY YA
X29 ) WYY Yy V) W YAV ov-
X30 Yy Y¥ Y5 YA Y \a) WY
X31 55 vy W as Ad AN ™
X32* \a Ya \o- Ve E\% Y-y Yoy
X33 * VoY WYY Y4 VO \\rd YAY INYg
X34 * AY a0 WAY WY VY YYA ¥y.
X35 * ) WYY Yy Vo) Y YAV oy-
X36 Vel V& Y\ VFa WY YAY 8-¥
X37 W WY Yy VO \\rd YAY oy-
X38 * ) WYY Yy V) W YAV oy-
X39 * 55 Y YA Voo a¥ \ay YvY
X40 * ARYA ay Yoy Yy ay Al Yve.
X41* 0 0 ¥ yv Y 5. a.
X42 * WY \0 YA VA Yo ¥y v
X43 * hvd ay )y aa ya YA ™A
X44 * RN K " A\l RS WY YAY b
X45 Yo Yo \ oy ¥y hvd \SY
X46 4 ¥ AY VY VY yyv ¥y.

X471 * ay V¥ Ye) WY M. YYY Yy




AN Widwl — o I ol o o)l ¢ ol ! (inSB) g gyl a9 pis VOV

el ol gls b (o3b b 5)55le gl ol @l
9 =l adlaie g3 D EFAST gy Ly paiS IS Cowlus
Jalos gy a Sl L s o gLt aS 50 UK 51 glaalais
sle S, (Local Sensitivity Analysis) xsge Couwlus
Global ) S coslun Jlowi sl gy (ogrde 5 (Slowlns
3L wlalllas b 1y olio golis Lol 5l 1 (Sensitivity Analysis
15 &Y (el il s bl (el 03,8 AJg5 03
ol 3l Yl (gly g 0395 paexd BB (o o Jso o(ylalS ¢ 5b o)
s ilize gl () I Jols gl 48 993 gy b
ool G568 Camwlus

& 5 4o
slaodly g leMbl wiojls olS Wiy zuzuo (i o 4> 51
35k 5l g 0395 e bl gdan (6,505l0l Lol Wb o (g3Axi0
1T g b  psSde slaedls IS ja (65,56 5 ol
Solid g Dbyl Gua byl Liagh bl e (s (giludae
Silwaud » AquaCrop als Jue 5,Sles p Sse (sl yial)b
P B35 9 w5 g 0395 G (Jpae 3 Slos (ipen (olbailge
099y Sl ol Ly g oLl ()l 5 2938 bl adlato 9
S 3 b a5 by sl sy plgl &y omdge Capibers il
9o VA Cdl (i8S 3 o8 sl jasuie (93959 sl yielil
Cowlus 18l (635, (sla ol )Ly do)d AY cls oy g jo

.,\3]5.)9{

&l

9 Gy Jgaso 3 Slas yess > SALTMED 4AquaCrop
FAA-FAY £5 1l S O Gligios aoe . SB (g9

AYa0 .& 6U1§9_3 “p ‘)]}_;LS_‘“,)L 5.F.& u;A_gLJ 0 ‘LJL\LC‘L;SLAQA)
)l Copae > AQUaCTop Jue (e liel 5 (oxiwly
FAV-YAR (Y)V e Lol a8 g oolol dlome ope NS

Cawlue Jlos VYA Ly (S cslon Jcbisje & (RS
2090y ilie (slasbyy 4 s Soslotaw g0 2 (Siie Jdo
Sy g (owdiken (g (sole 3l 6 ) alpd g 39
FEY-YVO (YI gl

) avay .S ‘09‘)_,)5 9 @ su_u)l.a.c - m.)l)’LgL} .é “S’L—Ao
5y, ,» CERES-Maize 3 AquaCrop csla Jue 5,Slos

ol Loyl iy yie dzpe Jdod lp coled
3y Slos ozmed slo g5 3)5]);. sl AquaCrop Jae (3959
A5y g e B9y Jl g g ()% 9 RS @39 Cum Jgae
» ol mls 48 w5 eolil (Ranking based method) (cus
Ot Syl 4 oS i s wCanl 00 &) (0) g
Ay 5 48 35 SO i) (Jie (298 2 Uln Comles
Shly sl el 555 (e (gd9me g5 ol @ Cod el )y
(F) o oS bl |y 405 (e iier il (1505
ol |y adlls 5y (slmyzal)ly gl osol Gy (545 goone
X1 yel)ly a5y (938 adlate ) paiS (slp Jlto (lgie & imd 0
2955 0 bl ml lads) ggeome 5l 45wl WYY Ll
Co) 6325955 (3)%5 e (S S1SToST Je Sl adlllas 390
ol 0 dusbro (YIHYFHITHIYHYY=VYY) 5 Slos 4 0355

55 595 42y pel)ly Cunl pasuie (F) Jgi 53 &5 jokailan
S ity slod bl 5 P Jpane (sl (XA2) ol o S
55 Jgmame (sl (X3) 05003 oL 5 Jsame 45, o] (a8l L
Alodgy s o)l o Sl (o) 3)90 sadlate 95 ggeire 5
255 (29 Sy (X30) SB by S 3 26 by ST
(X18) sy jl I8 &b oSS (S o el (S s
Jloy T spgorte 3elily gy 5 35 oz s Gl
oy 9y azps pel)ly g 0395Cmj (295 ln (X31) 0
p OV ples 3 5 Slas (29,5 ol (X42) 5k 4 cslS
gt Slalllas 5l o (Cumburs yite) 45, (a8 sl 00
L bLsl ) pol dallas ol ()Sen g (2 g S0 g 0
Jol8’ &g (s S eomis iy 13 4 WS (g0 b |y pAS Jguame
Jinetal., 2018) (Hui-min et al., 2017; ¢l o o3l £,

48 ol pasdie ()LSen 5 (e (298 @S L dwlie
il o> ul381 b Jpuae 15 5 T 5 5l o> (sl sl
S 3 U cwl JolS 2l oS Sloj (LS cups (X3) bk (o
C(X26) Giahig 28 3 Ly icie cov SB paw (X18)
§ X31) ou JLoy & (g5 8y (X28) JiSa 5 S slas
(X45) 25 Licdg Lialdl (XB4) anpe caslyyy asls (X32
ity sl Colo Ay gy, 4y 5 (XAB) g iy inls
ygaas odal Cwdy s (sl el )b (X47) W 29, (b )
933 9 oS Bblie 3 paS Joae 0, Slos (4l S e
9 op2 2l b Lwlyen cyicen (Hui-min et al., 2017) il
gm iy S5 (X32) 00 Jloys o 35 050 oliSon
(X46) &5 sy a5 (X45) ols sy il (X34)
Sl olons DU 5 (55 02938 S sl S e )5
(Jinetal., 2018)



VOVY  leo obTwsb 9 o938 coivs adilaio 90 50 )3 g9 puiS Jgwazo 98 51y AQUACTOP Joo (s g0 b 56T

of the AquaCrop model based on extended fourier
amplitude sensitivity under di ff erent agro-
meteorological conditions and application. F. Crop.
Res., vol. 226, no. July, 1-15.

Jones J., Hoogenboom G, Porter C., Boote K., Batchelor
W., Hunt L., et al. 2003. The DSSAT cropping
system model. European Journal of Agronomy.
18(3-4):235-65.

Raes D, Steduto P, Hsiao TC, Fereres E. 20009.
Aquacrop-The FAO crop model to simulate yield
response to water: Il. main algorithms and software
description. Agronomy Journal. 101(3):438-47.

Stockle CO, Donatelli M, Nelson R. 2003. CropSyst, a
cropping systems simulation model. In: European
Journal of Agronomy.289-307.

Steduto P., Hsiao T.C., Raes D., Fereres E. 20009.
AquaCrop-the FAO crop model to simulate yield
response to water. 1. Concepts. Agronomy Journal.
101:426-437.

Vanuytrecht E., Raes D., and Willems P. 2014.
AquaCrop: FAQ’s crop water productivity and yield
response model. Environmental Modelling and
Software. 62:351-360.

Vanuytrecht E., Raes D., and Willems P. 2014.
Environmental Modelling & Software Global
sensitivity analysis of yield output from the water
productivity model.  Environ.  Environmental
Modelling and Software. 51:323-332.

Wang, J., Li, X, Lu, L. and Fang, F. 2013.
Environmental Modelling and Software Parameter
sensitivity analysis of crop growth models based on
the extended Fourier Amplitude Sensitivity Test
method. Environ. Environmental Modelling and

Software. 48:171-182.

S g ol olidss o) 5y Shee 3 S T oMo i
FYO-FED () .o

Sy jl okl b ag)liSy (Sjglgyam S 93 sl il

Cblis sl ingh i 2955l JaSLE 5 Jorgw 90
A=YV(YE S g

}:J‘._;T .\YA& .P cb).s)_é m>) 9 f ‘a)'b' .‘9 ‘Lﬁ‘lﬁ%b L;O)LD .P cdf}{
Gl sl ojg> 5> 35 58 loj 3yl dlaily e Cules
DO-FY (V) oy Suid g sole doliliad

saolliad o SCige (gilwdnd og) p (gldoddo YAV p il

FYWY ¥ )l (g i sale

Gholami, A. R. and Pirmoradiyan, N. 2011. Calibration
of a simple model (VSM) for yield prediction of
corn under different water and nitrogen
managements. Journal of Water and Soil, 25(2):258-

265.

Holzworth D, Huth NI, Fainges J, Brown H, Zurcher E,
Cichota R, et al. 2018. APSIM Next Generation:
Overcoming challenges in modernising a farming
systems model. Environmental Modelling and
Software. 103:43-51.

Hui-min X., Xin-gang X. U., Zhen-hai L. 1., Yi-jin C.,
Hai-kuan, F. and Gui-jun Y. 2017. Global sensitivity
analysis of the AquaCrop model for winter wheat
under different water treatments based on the
extended Fourier amplitude sensitivity test. J.
Integrated. Agriculture. 16(11):2444-2458.

Jin X., Li Z., Nie C., Xu X., Feng H., and Guo W. 2018.
Field Crops Research Parameter sensitivity analysis



Oln! 523 9 5yl & i
1OFB-VBYA o AN il =yt Y ol o o

Iranian Journal of Irrigation and Drainage )
No. 6, Vol. 13, Feb.-Mar. 2020, p. 1565-1579 !

Local sensitivity Analysis of AquaCrop Model for Wheat and Maize in Qazvin
Plain and Moghan Pars-Abad in Iran

V. Adabil, A. Azizianz, H. Ramezani Etedalis*, A. Kaviani"’, B. Ababaei®
Recived: Jun.30, 2019 Accepted: Sept.15, 2019

Abstract

Application of crop models is essential for numerous purposes including prediction of crop yield and water
requirement, evaluation of the impact of climate change, drought and irrigation and agronomic management on
crop growth and development. One challenge with the application of these models is the large number of input
parameters. Measurement of input parameters can be time-consuming, costly and sometimes practically
impossible and they are usually estimated using calibration and inverse modelling. Sensitivity Analysis is a
procedure during which the impact of input parameters on target output variables is investigated. During model
calibration, sensitive parameters must be measured or estimated with higher accuracy. Analysis of the sensitivity
of closed-source models is not as straightforward as it is with open-source models. In this research, the impact of
47 crop parameters on five output variables of AquaCrop, a closed-source crop model, namely soil evaporation,
crop transpiration, evapotranspiration, biomass at harvest and grain yield, were studied for wheat and maize in
Qazvin Plain and Moghan Pars-Abad in Iran. The sensitivity of the selected parameters was evaluated with the
relative Nash—Sutcliffe Efficiency Index. Increase in canopy cover, degree-days from sowing to maturity,
degree-days from sowing to start of senescence and maximum canopy cover in fraction of soil cover were
identified as sensitive parameters for both crops. Therefore, accurate determination of crop growth stages, in
calendar days or degree-days, which are easier to measure than most of the other parameters, is of greater
importance. In Qazvin and for all output variables, around half of the selected parameters were ineffective and
considered unimportant during calibration. Despite that the methods of local SA are computationally and
conceptually simpler than the methods of global SA, the results showed that this method could lead to similar
outcomes to previous studies in which global methods were used.
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