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Abstract

Introduction: Food security relies on access to safe, affordable food and the capacity to meet nutritional
needs. Rice, a staple crop, sustains over a third of the global population. Simulation models are vital for
optimizing agricultural systems and forecasting crop yields under various environmental conditions. The
FAO-developed AquaCrop model assesses the interactions between soil, water, climate, and management
practices, offering user-friendly and robust features for simulating both irrigated and rainfed farming
systems. These models simplify complex biological processes to accurately predict yield and biomass while
minimizing environmental impact. By streamlining these processes, AquaCrop enhances the precision of
crop yield and biomass predictions. This study employed AquaCrop to simulate the growth and productivity
of Hashemi rice across 92 paddy fields in Someh Sara County. Through calibration and validation with site-
specific data, this research demonstrates AquaCrop’s effectiveness in addressing regional challenges and its
potential to improve agricultural sustainability through better resource management and informed decision-
making.

Materials and Methods: This study was conducted in 92 paddy fields within Someh Sara County to assess
the reliability of the AquaCrop model for simulating rice yield and biomass under real conditions. Soil
samples were collected through stratified random sampling from depths of up to 60 cm across various layers
(surface, compacted plow layer, and subsoil) and analyzed for parameters such as texture (ranging from
loamy to clay), organic carbon content, field capacity, wilting point, pH, and electrical conductivity.
Meteorological data, including daily temperatures, solar radiation, precipitation, and wind speed, were
gathered during the rice growth period to calibrate and validate the model. Farmer surveys documented
management practices, including fertilization methods, irrigation strategies (alternate vs. continuous
flooding), and pest control techniques. The AquaCrop model was calibrated by adjusting region-specific
parameters, such as initial canopy cover, harvest index, and water use efficiency, using soil, crop, and
meteorological data. Validation involved comparing observed yield and biomass data with AquaCrop-
simulated results. The model’s performance was evaluated using statistical indices, including normalized root
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mean square error ("(RMSE), root mean square error (RMSE), coefficient of determination (R?), and model
efficiency (EF). Finally, sensitivity analysis identified key parameters influencing simulation accuracy,
ensuring comprehensive applicability to diverse management scenarios.

Results and Discussion: Sensitivity analysis identified several key parameters that significantly influenced
simulation accuracy, including the harvest index, initial canopy cover, and saturated hydraulic conductivity.
In the 92 paddy fields studied, grain yield ranged from 2.54 ton/ha to 5.97 ton/ha, with an average of 3.92
ton/ha. Biomass production varied from 6.20 ton/ha to 12.62 ton/ha, averaging 8.46 ton/ha. The AquaCrop
model successfully replicated these patterns, achieving R? values of 0.70 for grain yield and 0.66 for biomass,
with corresponding nRMSE values of 10% and 20%. Model efficiency indices further validated its reliability,
with EF scores of 0.70 for grain yield and 0.97 for biomass yield. Fine-tuning the identified parameters
improved predictive performance. Although slight discrepancies were observed in biomass accumulation
under certain stress conditions, the results remained consistent with previous studies. AquaCrop
demonstrated high adaptability for agricultural decision-making, effectively assessing outcomes under
diverse management practices. The simulations also informed strategies to optimize water use, improve
nutrient management, and minimize environmental impacts. Overall, this study underscores AquaCrop’s
value as a robust decision support system, capable of providing actionable insights to enhance agricultural
sustainability. The model effectively managed variability in soil structure, agroecological conditions, and
crop rotation regimes, highlighting its suitability for large-scale applications in heterogeneous farming
systems.

Conclusion: The AquaCrop model demonstrates significant potential for sustainable resource management
in agriculture and serves as an advanced and effective tool for the agricultural community. This study
confirmed that AquaCrop can accurately simulate rice grain yield and biomass under real farming conditions.
With simple input requirements and adaptable algorithms, AquaCrop provides robust solutions for
resource-efficient and sustainable agricultural practices. Its application across diverse agroecosystems
highlights its scalability and relevance to regions facing challenges such as water scarcity and climate
change. AquaCrop’s role as a proactive tool for agricultural sustainability reinforces its value for future
farming research and policy development. Expanding this framework to additional crops and geographical
areas could further enhance global food security and resource efficiency.

Keywords: Agricultural Production Resources, Calibration, Paddy, Plant growth model.



o

\FeF ¥ a)Lo.i A -U> (‘_gj)jl.;fd‘.l.o 4.1») U.Ob)' Gw-‘aé.ﬁ

L 3 ) s '

dibio 30 2N 195 T S 31 oalaiw! b (Sldalaio whito 38 =i 9 & Shoe (S jludunis

'}wé\my

P 155 ol 5 LA Loy s ¢ a5 (ool Ty sis ¢y gl 3 gesea ¢ I UL (ue 4sT

Ol ey (S ol (g 5y 9laS” 5uSCtils ¢ s (g 75 (g omitils - )

Ol ey (S ol (55 5LaS” 58ty ¢ pumlid STl 05 8 Ll Y

Ol ety (S ol (55, 5LaS” 5ty ¢ pumlid ST 05 8 SLiils Y

Ol ey S ol (555 5LaS” 50SCtsls (T i 05 5 5Ltsls —F

Olnlez S (8503t s s 5 (55T eliios Olojl «ST1 5 OT Doliions e 50 LSS -0

o>

- o

Yo aesmy 56

(SRS § g i S 2 3 (Sge e Sludnd S oo 059 o
S B g0 (2 19T ko LN 518 4oy 30 10 & p Dellan & o 4
S 31 o 9 oL aly (S Swdanis (ST Mo THI™ (55130 (g3 tawgs
Jomo ool ol (839U OV game & Shos 9 S oo § paldl w5l
(Y9 dd g (Silodmd 9 (2T 9 120 S (20351 95 03294
L ol a9 % 0510 8 4yl il SO § Wl o 1o & » Wik
90095 St ) O yhos (5 ilwdunds 30 PN 195T S B8 b5y Bur
Ol s 33 J13ILE AY) (Slaibin wlids 30 oild Wby g5 p 413
Ol b .ob plxil Slahdl xweore § (Suwlg 3 i (1 pwdroge
L e gl 418 8 Khos 3,97 9 50 Vb <88 DI F195T Jono 45 318
S AY 30 Joe awgh o 397 9 § o (6 w0311 Lawgin slde
NRMSE=1+7 (R*=+/¥+) ;e 53 o5 /208 3 ¥/4+4 380> i jdy
S yKloe Of 30 9 (LK 38 o +/¢ Ll RMSE 9 Jle s 5o
Jmo awgi o 39T ¢ 9 okl (& w50 31N Lawgio 3ldio b 0395 s
(RP=4/11) 5L 53 5§ AITIY 9 A/£1 S9us i 5y 1 3IL5 AY 5o
(LR 5o o +/A Ll y RMSE § 095 w3 38 NRMSE= Y.
415 8 Whos (S ilwdals 38 S 7 polio 4 d>gi b Cpuicmod L3510
Cd F doni O1g5 o0 «(EF = +/AY) 05¢5 a3 9 (EF = +/¥+) o5 gilid
byl yl 58 o0 ol 8, hos g Ay (3485 (Silwdamd 4 HOB Jow 45
Jomo 4 Gl OT 31 Tl 295 ool Wl 4oy 50 A9
31 ookl § (s 3 O (SBAT B (S lwodlw L o2 195"
288 pShos (& lwduds (S 5= (Shmo 5l 3l g 45 dgumo (S S3959

VECE/Y/YY 1Sl s

(SO Olls”

oI il

(AW Ay Sl
(SIS My slrooly
sl

C)LJL(,« Sls edge
Email: shabanpour@aquilan.ac.ir



mailto:shabanpour@guilan.ac.ir

¥rs

Eg=i0 Sy g b Caliseo 513l AY) Sl Calisko (0 oo sl pl
SLB S 35 oo 39t 33 (55 50 il AlgF (0 4l (OIS
Ayl Srodlg ply Siludug 9 DT @lbe Sy e salind (S5 )

Al b Cadguse dalyd 5o

Sesliul Lol 4 g iy (g jlwands obls dal s 3 g g
(1) Sl (il ol (gl MoK S8 ) Sluands sladite

L 3slsS 5l 5 ol Ol Lo * 0l ST Jute
g il 215 OS> Shoe 5 by (gilnand O
we e e s 815 e o e ol (09) Sl il
Y s J| g b (6l Ll 0 48 Ll 4 ol
IS 4 slods 5 o9y sl gme (D (gladgle Juls £,
=9

Sl o8l Ll 5 uly o ;s‘ﬂ:? Ly gladde
Conds s Sy s 3,5 8 5L ot
L Gl slaile) 5 O sl &S Lol 5 5 15a 50T
o d Jgame s sbay ladite ol o o ST (g Ry 2B
Bl ol 5 55 e Sk b b )T 5
() ok o 2T 5L oty § ¢ Laoms

Sl ga oo jn3 0l Ay Sladiin (sla s il 53
o3l L el g il 3 gl ide o oS lE
ey 93555 5 4l 3 e wile gl s 5 Sl
Sl A5 oo 0d S Sl s 3 Shae 5 5 55 o0
8 eall 5550 gz g a8y 7o L ks Lol 5 (gl
Sl 5 T sy A 5 (slaeslgs o sllae (5550 46 5,8
G STST I (0 5 YY) 558 e 08T ls
5l Ll 5L Gl SAB 5y Ollanil bl dals
e Sl gl L5 Sl (oo Ll e (5 e
! ple Sossitome Ll 5 s Laeslg ol s s
) 355 P O gues

&S 53 e sla g 5 1 b A A5 cladits

Bl i e 0S5 el se 3T 1 (6 g0

5- Aquacrop
6- biomass

-

doio
Ol lale DY g (e S S Oset iy
o (T0) LS e 4006 1 Ol Comarr S 5
5 Ol 53 75 oS 3 e 5 0 lS A5 58
PPNV STYIVA L JPIN U PN W-T) y) y JEPN S
{FO) ol o0l ol s 41 e eyl
e gladie LS sai 5 s Sleans gladue
S s ey SVl (5l OF ol 487 At s
(o ol o s 6l () Sl a5 olS ST
Sl gladie 5 ol 5l 3,50 (slany o slas s,
(S35 53 0S5 3 Sla At il 5 g oS s 5
orl G S 5 53y sl b (58 o S5 4ST
Lguduwjgﬂma\;ﬁ)sjbd.\n);u:ﬁ))
OVAPSIM' sl sl i 3 -5 a8
sdi (\YF)WOFOST" 5 (11)STICS" «(4) DSSAT
S o)l aS olaesls padss (gl 5 adobe @Bl 3 el
s ale ka8 a0 UL codl 0,8 5 Caew a0l
c s Jolse 4 S J s 2S5 5 L gd oo ool
e ¢l L (V) Lins o e 5 1y (K5 5 (2 pole
sdalie (gl o J smamee Lt (sladite Jf aslizal 4 (L
5 Jeilse ol AU o s 18, 5 S 1S
213 3 52 5 tp ) Slods CanS o (5l 03,8 o0
S ol S sl 50 Sislo3T o S Ko (5 g
o 53 5 el 0Lej 5 0L, OT (slaasl bl sl 383

S39>ea ks,:%M 9L bLa s o gl ol 0Ll

1- Agricultural Production Systems sIMulator

2- Decision Support System for Agrotechnology
Transfer

3- Multidisciplinary Simulator for Standard Crops
4- WOrld FOod STudies



FrV

\FeF ¥ aJLo.i A .U;- (‘_gj”l.;fd..l:« 4.1») u’&b)' t.s"’""""é"

Il U Ll edins (315301 (6 8 eoandl e 503
W a3 ol glailate 5 8550 oliia 55 47!
03 i3 5 413 3 Shae (S3lutnd o L sl g3,
Ll 5 o oD STSST I Sl oalinal b oila 03
(bl (sl el g e 5 S sl s g8
SALEAY s (glaalaie ulie 53 Cuils ;5 35S (bt
sz g ot a5 Lkl plonll | pwvdns g0 Ol g
WS s Shes 355 (St Soanl 5 o gllas (53l ) 5
=0 e s GbLin Sy s 1 Ul e DU STST e
05 055 5 Ol g OIS b 3lited 350 (5

25 )5

b w9y 990

S0 pdiges 9 dxdllan 3590 ddkaie

ol Jolis alllas 35 50 03 5udms Ll o Soluaies
P OLSAYF s Caag | e g O g (5,15 I
VOOV GLél e o e 5 TYOFA L NOOF Ll s b
N — ¥y UTM Ol (e 5 P (e A
N = E = 332388 m : e s—>)WGSB4
N = E = 358438 m : ; 2l 4122892 m
350 db oLl o b ga ol 1,5 (4141823 m
i ey 5 Sl ol 003 0L Y JSKE )3 anlllas
e ol e poler Oliss Sligm 4t oyl slacSTs
Sl il el el S el (clals ) 50
ST P S DGO B B VTP i (PO GG
LAl (o4 U 5 (glacals (slacis 5,7 sla
e 50 e 5y g0 b Syl il o 0B glanig
3 g5 O3 AT 350) o3 £1)5S Srig o
35) (sl ol WA 5 3) S e Ol 3 61
(F) L3 (8 5500) Sl o 5 (oA

S 55 2 oS - - T 4150 (65l
Ciog 5 Sasdn Jalse Sl gleesls Lajl e 4ot
S Ml 5 platas (63 a0 yai ol ST sl

Sl s ol 53 A pldl ST (S ppa sla S5

Ladde sl (FY) dias o €yl (6 559LiS” DY guames A 6
g ol 5 Ko ool Y gamme 457 ias s O
1555188 (658 5l 5 28 35 40 48 s o &b
DM g e 5 A5 (Gl 30 ) S g0 S
Ladds & el pl LUAFF YY) 5l (ool 5 Coeal oku T
23 G835 55 (o A5 4l 5315 pamme 3 Sas ey
PP [T BN < IRt S PRE . g
P2l S S 5 o Sl gy S S
Slsp slas il sl S0l gl 4 457 ias ]
SV S Bl 156l E byl slos b 555 dsb 3 41,
SaS gldllas syl 1y abls e 1 S5 ST s (1
oslitul _glie el o 55700 gl ALS Ui gladie
5SS ekl j3 a5 Sdaols S s as S
23 Mt (alU 51 6,8 s 5 2alS (sl i ge sla b
(YF 5YY) dowa Ol o

ol (S S (655 Loy K Jols I STST Jute
LSl (glad - 0,28 sl o 5 (5ot 01257 (51 o0 87
SedsS oo ol 315l 03l (385 L;ur_»win b
N gz 2ily 5, Kot duslis (ts oyl (S alax
Ay slausgiome gLkl 5 glows |6 palie b
RIVI o jlec ads 55 (FV) Cil (65,5liS” O seames
oeLa 5 Lables .S wolS 5w (59,19 slos Li5 (Jde
sl sles LES Gl b e ol )8 o 1 itls
Ly Slado )3 19 dieS 5 Ay (slales Aile ol e ls
Stdlos 5 Ol 5 o 2o 52,8 o 501
Ll oo Glibles & szl 5 asld 5b i olej o
Ll s S0 K s, jasls 5 2o 8 s,
A b 550 23S 31

oo L akais oS5 3 1,8 aLS sy sladdes
ol o (B Lal gl o ozl 5 (ils aeia
= oo ST e Ul 55 oo Jite (glailate b (glasb
b 6l Ol e 4 Al g o s oyl oS Jl 55 dims
ST (659iS” adilate 65 s pe (sl p3Y Dbl



YA

G o oLl (6 2 pailly gy 40 S PH (s
54 V0 o a0 OT 5 ST I grnilin gon bl ¢ e
SCHOTT Lab Js) Jue e pH o 3l a3lizal b s
eSS Clon S LB LFY) s 8 el i 3 (850
53 UENWAY 4510 Jus) ;2EC oSws Loy 35 Sl
oS G 8ol gl m (Y) Wi (g, 803l o las an
(FY) s oslizad "S- ISl by 1S IT
Jgeo (S y5 051

350 ae=b 53 a0 A Sl pames il OLsj s
Sl (B3 D) g0 4 0 0 S5 sl 4 (glitnlsS anllas
4 Ll Joowe 3l eoldss 03 jads JI oy G 51 o 9 A
Sl G b 3l s dls y Lastla s S oS
Qo3 VF 53 0T 036 05 gy slae @i Sl 415 035
05T 53 Colw FA Sode a0 03131 3 3l s [2IS™ 5087 059
QY)W &anO%C sles s
obdlgn (slosls

55,5 (glwans gl VEY b ulislgn cla bz
5 omels 6l WAA 5 IRV Jl il gn sLa e
jg_.:,ﬁcs\)wul}ui;ﬁ\;uu@uw
mane g2 g o 3 Bly (2L 5 (il Sl Slaoleny!
Glas Jols wliilsn @l (slaesls (¥ KOs 4 |
5 BT el b S dl g i by iy 5 48

sy alisy b

4- Walkley-Black

laosls SIS glars 5 SCs sla S 5 oy
07 Sl A oMl 5 58 i s DR s g0
VY el dlw 5o 5, Shes 54 s )50 gyl s
slresls Sl s 28 e g b crimpan 5 ol AME (513 2500
2558 il g Ol oL Sl et il o
AU 3l CropWat Ji53le 5 5,55« 5 IRIMO)
ETo)" pr o & o e 5 SRAD) g5 by o
38 3551

65X Sl o3l U aalllae 55 g0 4l il ) s
Sl L e SS g (ol — 3 48 (5 8 505
S 3y 8 53 g 3253 05 e 0 7 ST S 500
eug_;s@;v;,@;@b‘wm@)@ij;
Sl S3lad D) gmas ada 93 (55 anlllae 5 ) g0 aalate o
i Bl ST e i

P A 53 05 5 6l s e s saten Sulgi s
Eres AT (s (Sladlss o3 gdma 5 gl (S 5
Pr G (o5 o i ) oy e m 5 5 LS
jrsh.iﬁ)'a.sr&éq’Y¢@r.bd glﬂ?éuq‘ﬁjiﬂéu
03) 55 Cd oy geots 03 id a5 53 (o VI ey ST
rma 3l e 9 il ST (613 345 g0 035 g3 w5
S 83l 5 yliiea =r oL (515 20 551 Ll
b plol Sl Wls 5 03 55 5 Shae
S AR Sl W o3l

L o D3 ol o3 o3l 55 s g oled 53
COA) o3 3loslizal b Ly 5 Choos STl S 3l 3Lzl
03 ) g3 & gai Jf o3lhial b &S (6 AL o guen
SLa i 55 ST oz gy (V) ik o5 4 5
535 Ol T G hgy i Il ST DY ) o
Sleslial U JISal ST 10+ 5 ¥ee Ve OFF gla 5 SG
o sl (Sdpshs obia 5 () (55153 i o8

Ao Sl () Ol L i,

1- Daily Solar radiation
2- Reference evapotranspiration
3- Hanging funnel



Fra

\FeF ¥ aJLo.i A .U;- (‘_g)'”l.;fd..l:« 4.1») u’&b)' t_s"'""""ﬁ"

49°10'0"E 49°20'0"E
L L

&
<
5
T
37°930'0"N 370N 38°0'0"N
A \
w
5
H
{b
o5
T
37°0'0"N

37°30"0"N
1

T
40°0'0"N

®
®
/
40°0'0"N
L

o

/—;\:"‘:‘0.. . oatle

T8 g6l eod%e ¢
wy 4% 8
RN
2 &

37°20'0"N
L
°
*,
®
e
.
-
4 ®
T
37°20'0"N

30°0'0"N

30°0'0"N
L

T T T
49°10'0"E 49°20'0"E 49°30'0"E

Kilometers
0 5 10 20 30 40

T T
50°0'0"E 60°0'0"E

yudro guo Ol g 30 axllan 390 46 LSl o> Cuxbge 40 (1) K
Figure (1) Map of the geographical location of the study area in Someh Sara County
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Table (1) Average values of selected physical and chemical properties of soils from 92 studied
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Figure (3) Measured values of rice paddy grain and biomass from 92 studied paddy fields
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Table (3) Calibrated plant parameters as input for the AquaCrop model
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Table (4) Calculated statistics for evaluating measured and simulated rice paddy biomass by the
AquaCrop model compared with actual values in rice fields
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Figure (4) Comparison of measured and simulated biomass and paddy grain values using the
AquaCrop model
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