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Comprehensive abstract

Introduction

Rational fertilizer management is crucial in the efficient use of resources that are basically non-
renewable and that can have a great environmental impact when used without scientific basis. The
availability of scientifically sound decision-making tools for rational fertilization 1is scarce.
FertiliCalc-Fertigate software is a program to determine the consumption of NPK fertilizers during the
growing season in a cost-effective and sustainable way. Today, the geographic information system is
widely used in spatial planning by determining the distribution of phenomena and combining maps
and interpreting ecological data in different stages of planning. Also, the potential yield in an area can
be estimated using field tests and simulation models. The ORYZA2000 model is one of the efficient
models in investigating rice potential yield, which simulates the growth and development of rice plants
under favorable conditions, water limitation and nitrogen limitation. In this study, an attempt was
made to estimate the potential yield in Guilan province by integrating the ORYZA2000 model and
geographic information system. Also, after determining the potential yield, the NPK fertilizer
requirement estimated using FertiliCalc-Fertigate software.

Materials and methods

This research was conducted to investigate the potential yield of rice in Guilan province using the
ORYZA2000 model. After calibrating and validating the model at the field test level, the model was
used to evaluate the potential yield of rice in 12 synoptic stations of Guilan province. The processing
of Landsat 8 satellite images was used to separate rice fields in Guilan province and the studied area
was separated using supervised classification. The estimation of potential yield in Guilan province was
done by combining GIS environment and ORYZA2000 model. The amount of radiation for the whole
area was calculated from the Points Solar Radiation function in GIS. Then, from the relationship
between the amount of radiation received during the rice growing season and the potential yield
estimated in the ORYZA2000 model, the potential yield was calculated and generalized to the whole
area based on the agricultural land use of Guilan province. Fertilizer requirement of lands was
calculated using FertiliCalc-Fertigate 1.0 software. In order to evaluate the fertilizer requirement at
the province level, first, 320 points were randomly selected in the rice cultivation area of the province
and the fertilizer requirement of each point was determined based on the required information,
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including potential yield and soil information. Then the points were interpolated and the study results
were presented in the form of fertilizer requirement maps.

Research findings

The results showed that the amount of radiation in rice fields in the Guilan area, during the growing
season, was between 2552 to 6259 MJ/m” (average 4405 MJ/m?) in 2016 and from 2423 to 5337
MIJ/m? (average 3880 MJ/m?) in 2017. The lowest amount of received radiation was in the central
areas of the basin, which can be due to the topographic conditions of the area. Using the regression
relationship between radiation during the growing season and potential yield, a potential yield map of
rice fields was prepared. Based on the results, potential yield in rice fields of Guilan province was
between 4416 to 7038 kg/ha (with an average of 5160 kg/ha) in 2016 and between 4558 to 7180 kg/ha
(with an average yield of 5302 kg/ha) in 2017. Based on these results, the combined approach of
ORYZA2000 model and GIS has a good ability to simulate potential yield in the study area.
Estimation the levels of fertilizer requirements in the rice fields of Gilan province showed that in order
to achieve the potential yield, 262 to 274 kg/ha of potassium fertilizer, 116 to 171 kg/ha of nitrogen
fertilizer, and 8 to 12 kg/ha of phosphorus fertilizer are needed. Based on the calculated fertilizer
requirement, potassium has played the most important role in achieving the potential yield of rice in
the province.

Conclusion

It seems that in many areas of Guilan province, the application of NPK levels in an inappropriate
amount and time causes a decrease in rice yield. The results of this research can recommend the
appropriate fertilizer consumption pattern to farmers through rice experts so as to achieve maximum
yield and avoid problems such as phosphorus leaching due to excessive consumption.
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Table 1. Vegetation information, Plant allocation coefficients, specific surface and leaf death rate in the model
Allocation of aerial organs aerial organs aerial organs
Special leaf area dry matter to the separation factor separation factor separation factor

Plant growth  Death rate of

stagg_ leaves SLA (ha/k . .
1 g) aerial organs to leaf to shoot to panicle

DVS' DRLVT(d) FSHTB FLVTB FSTTB FSOTB

0.000 0.000 0.0032 0.500 0.500 0.500 0.000

0.330 0.0025

0.430 0.750

0.500 0.600 0.400

0.600 0.005

0.650 0.002

0.700 0.450 0.550 0.000

1.000 0.045 1.000 0.100 0.700 0.200

1.600 0.050 0.000 0.000 1.000

2.100 0.050 0.001

2.500 0.050 0.001 1.000 0.000 0.000 1.000

"DVS = 0, germination stage; DVS = 2, physiological maturity stage.
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Figure 1. Geographical location of the stations used in ORYZA2000 model

$955 35 b 3ysl Jomiliy 0Shae & s
FertiliCalc-Fertigate 1.0 ,l38ls 5 5| solazwl b la oy
L ,ls8le 5 ol (Villalobos ef al., 2020) ob dcwloe
ool Gy obend lrosS 5l aige eolatul Gos
Delgado and ) ¢l ooy b oo Sodll
&y 2R yebas jli8le 5 1 s (Scalenghe, 2008
Aoy bl arld atie polie calite LS
doyd g odd by glaplil ey 5 aud ()90
28 Cwload ad )3l o as ey onile (Sb bl
355 w35 sl 1, 250 Ly Blsion bl !
e 8 ol aliis 1B 5 i 950 S0 Sledl
£5 5 S cdl g5 CEC pH (S pouly 5 JT ools
J38le 5 ol (Villalobos et al., 2020) el jans U1
Aoz 51 055 fyme Jlac] g iliie (slogy o sl
A 4 lits Sq 355 Sran b g 355 At Sras
(wiabeyl cpl yo (Villalobos et al., 2020) cowl o,Slos
2 e 2She) Jeily o)Sles a4y liws gl
ooty 5 Slac i g5 ) m a0 4B L
O ) 1S5S Jgasd oelel il eg3sS 5Ls (o)
Ty CeiS odgase mhw o Bolar ald YV olass
51 5L 5,50 ledbl ol alai o 40 5 bl oyl
5955 35 S oMbl 5 Jouslsy o ,Shee lzeo alax

AY

GIS Lo 50 Juuuiliy 3 55das 391 5
il 0,Shos 055150 Sz (999,5 DM (2 ipte
L asdlas 9,90 059> DEM (s, a0V (& o) wileLe
ol @ldliz o Bogs jsba o5 e 4 s
0dusy Sl Slej 090 (o b il 0 ;o (YV/OY)
B 02098 Sl S bl jo @ip ad) Jab (b &S
sl dibie 31550 slaadlie (g o8 Guend o208 1)
A dewlxe 059> DEM @Y 5l a5 ol @lps 5 oo
odds piiie 4o Joe Jelds aS ddlie il sladdlie (o
Diffuse ) ,¢ SaiS1y cons « (Diffuse model type)
!y (Transitivity) o5,5 354 ;¢ S g (proportion
ookl g adse pl (Badsar, 2014) sg LS Ll
ool ;5 00l 355l (reej 4 odmsy B (5
Ol Coles ,o (Badsar, 2014) ws  oxwly o cwlislss
,» Points Solar Radiation &b | 055> IS (sl il
b o, il jlade o abal) 5l e g dwls GIS
Jouo o deily oSle 5 mn wb, Jad
Gl g aulre Jowily o,Slee (ORYZA2000

A 03ld el a4 (LS lisl el 60,8

B

6995 3L ()2
obwl maw jo feily o Slee e i 51 e
T Sl ey 9 e (595 955 ks e (S



VE e /sl olods [alss 0,58 [ cliions

Ohlen 5 LLS5L (e

ORYZA2000 Juso b5,

slel g minly gl e Jae 9 Slee
3 035l g als o Slee NRMSE 5y isucsls,
ol P IV Lo ;0 900,00 g A cos g YV L
Sld gre Dl t Q}oﬂ i (¥ Jgaz) o a0 0 F 5V
0 (5 3lwdds g odls (5 S o3lul polie s 1, (P<0.05)
oy (¥ Jogoz) ol lis eogcun) g alo o Slae
g 008 (5iluancd laosls (o (S (gew S ) Joe e
(Y Jgo2) 09 < 1Y 5l 5 s 3 00l (6,505l

29 Ty 355 gy Juad (b ovy il 0 sl
oS ol

ot (V) S8 50 @ip &)l 4 oam; b lies
Syg0 035> 40 iy &)l b Gl el onl ools
Silee obod) FYBA L YOAY 51 VYA0 Jlo o dalllas
BOYEYY Y8 Jlo o o (aperie 5 Jo5iEe FF-0
b S (mreste 2 Joile YA (:Sile jsboay) OYYY
2Bl U Gl (S D Al wd; Juad
bl g o Jdo &5 op oj> 35,0 bl
o i e e Sl s il alaie 31 Sy
Badsar, ) SSM Jus 5 GIS ) eslitl L pusS o,
ESR oo 5l eslital b aiVlo il lse 5 2014
OhlSes 5 > A& w,,» (Ambreen et al., 2011)
bl ;o aVlo b ole (Chen er al, 2013)
wi ) G Jled sbs e @y 93Kl g S
33,5 15 @perte 5o Jgie B0V e 5 BTV

g by Jad (booden) b S S, alal,
Jaa by et sgly ety ssle i
WS ol olis s (¥ USE) ab a5 ORYZA2000
WA Jlo ,o S bl i )l 5o Jemily o,8dos
DYF e uSila L) S o a,S5LS VoYA b FFIS o
B FOOA (o V¥AF Jlo 4o 5 (F USE) (LS 4o o ,SskeS
BY-Y Sl s U e s p,TokS VIA-
e (gt (B JS0) og site (S 50 p55LS
DA ety Jlole s 3 Jedly oSk
SR )3 @ SolS 7 TA 5 AVAD Jlo o S8 )0 0 Sl

03

AA

Scd S Ogo bl obygye e 0d (utd abi 0
doy Ve g alae obiyg,s iy QT doy Ve bl o
S8 eolawl oy9e s suwlael glp owile BL

:(Pourhadian et al., 2019) cs 5

n=—-7=9a )

5 Co 23585 do,d P daale wx> Ny pl (o
do,d  dllas 5550 o glylo o131 s b dsel>
G aily Cons Lol d g andllas 550 Caio 236 ol 3|
2 ko ol ogzy Gy Sieghy (e Glies b asslr o
5 AN Wl Z Mok o ys O sllas o 45 ol el
¢lgsl w5l (Cochran, 1963) cuul AFVEIY L, 77 4
Coedl 4 azg b Sem S s (shosss st
polas o oodle iy ails o Sles slaosls S sl
28,5 oolitul 0,50 doosld o Siwaed 939 3 g gl
Lol Slsl8 mjs daosls gag Jloy 5l pliabl jsliioa,
oSl (S s p,5ekS FYFH) de slao,lel S5
2SS YR8 Blas (Se a5k FYFT)
e Gl (S 0 55LS FA9Y)) iSTas o LSa
(YY) (SowtS 5 (IFY) Ssz (LS 5 p,55LS YY)
(Badsar, 2014) Histogram 4,5, g GIS j|338ls 5 lawgs
doosls (39 Jloyp wdl 5l g 285 13 (o) 350
sladas glgl 5 (lad 5 Sz (oopee slagts, gl
S slados dox 5l Sz )5 2Los)d Ghe) 5o Sz
s3,5 «Circular) lopls (Hole effect) sla;s,
«(Gaussian) _.s5 (Exponential) Ll «(Spherical)
el i jglateds K-Bessel 4 (Stable) <ol
2 d9zge st Gl piie o Gl g b3 b,
Ot Flin (asiiS Cuz 0 (o p Jorome LB (50055
5 arwles (RMSE) s Slayjo (505iks pgd 4y «3s,
2 o Jyere yobas (Kazemi et al., 2012) o awslis
a5 RMSE) Uas Slayye (oSlos pgd ads, Jlie 8
Sl Crl ST e )9% el S Ghe) Seve BL
S5 oals 0,9l Jlade a5 conl pl Sibles el yae ulp
Kazemi et al., ) ol &, sly jlaio b ply lids oS
Gy oM hose sl awlie L2012
b gl ol cleasis 5 lolis



VF- )Le,g /Jﬁ‘ O)Lo.:a /MQ)‘SQ 0,99 [odle ULO.».G?U

O bl 55 (6355 5L 5 g Jemsiliy 0 Shoe 851

Joe 5l eolaiwl L1y o Jewily o,Slee g anllas Lilew!
s 30,5 89l S yo o3 MY B O/Y o CERES
Nassiri Mahallati and Koocheki, ) S>s5  Sdxe
olelym slwl o 1) sasS el o Slee 55 (2009
OhlSen g a3 W05 ol LSe o 5 V/AY
LI, pa8 sl o,Slee (Gharineh et al., 2012)
by ol bl ;o WOFOST  Jow 5l eolal
Gble o paiS il o Sles a5 wols olid 5 wo S
b (Gdgsn) YOYA o lacals jo ol bl calize
U N Lcodl Oy e LSe ;o 0,5LS (eds]) AVYTY
Lo oog Gmlb Jedoar Yo Jeily 3 Shos a5 0305 ol
2 slp Fowle Sl lulpb g sble oo & o
Schulthess et al., ) |,San 3 uidls 09 paiS 505 4
o, Sbee Sl HybridMaize Jas jl eolawl b (2013
5 apl S oy LSe35 VYAV 1) o8 el
Joe S wis S i )1i8 (Espe et al., 2016) ), Ken
o Sles ol miwly S L Wil o ORYZA2000
i iy Sl 5o iy ciS sblie il
3 (Yousefian ef al., 2019) ,Kea 5 liwg iS5
oo bl jo min o Slee M S5e Jalge (o) 50
AV« 5 FFA0 s ja |y il g (a8l o Sloe CPA

203,85y51 5 SR 45 0Tk

2 3 il 0 Shae (9 5S ol Cawoas VYA Lo jo
9 WVA0 Jlo ,o )i 5o 0 S 5lS FYAD (liedy JSalows
JS5) ael cavsas \YA8 Jlo o LS yo 6 5olS FAYY
ol b Jeily o Slee ORYZA2000 Joo o (F
3els )l aile else Loyl ol ol )0 050 co Sgazme oo
Tr o fee Slpss obml jo (ealdl Lulpd 5 L) mlaw
e S Joudlty 8 Slae atn 50 olial o 3
S8l s ab) 0y90 Job o a5 3l b IS a4 (S
b olee 9 (Nazari Far er al., 2006) oS .
Nasiri ) caol oldla o0 al 055 agias ol 9>
.(Mahallat, 2000
2 pasS il o Slee (Aggarval, 1994) iy 5T
35 it Jo ooy & 1, logais il 3bl
Jlo ;0 9,8 10 # Sl S VYA L TRV 0 ol Jl
8,5 8yl Sa 0 #,5LS VAL B FOOA o pgo
L (Aggarval et al., 2000) )|, Ke2 5 Jlg, 5T yian
5 Syd —mip S sl o ORYZAIN Juw 0,8
S 50 3 VWO B VIV oo |y g Jedly o ,Sos cin
b (Wu et al., 2006) ) San g g9 .058,5 5,40,
o e Bolie 3 1y sy pasS Jouslsy o Shae
S o o5 OV pge gble o 4 LSe o o5 VA
(Abeledo et al., 2008) |, Ko g gob] 055,58 5,40,
30 clailinae slee g o b gladlaie jo 1) pasS oy

5 ily Lyl 0 ORYZA2000 Lowsss 0ol (i polie ol 50 o soslive 0355t 5 ails o Shoe (g)lel mls = ¥ Jgo
VYA% 5 W0 sl Lo jo (oo Lael

Table 2. Statistical summary of observed grain yield and aboveground biomass against ORYZA2000-predicted
values in 2016 and 2017 for calibration and validation of the model performance, respectively

Trait Number of ~ Omean’ Prean R? P (1) RMSE  RMSE, (%)
rar
treatment Calibration (2016)
Grain yield (kg/ha) 12 3569 3627 0.71 0.49 310 8
Aboveground biomass 12 9986 9797 0.74 0.19 492 5
(kg/ha)
Validation (2017)
Grain yield (kg/ha) 12 3688 3771 0.91 0.72 248 7
Aboveground biomass 12 9999 10423 0.90 03 615 6
(kg/ha)

" Orean, Observed mean; Ppeun, simulated mean; R?, coefficient of determination; P (t), probability of t-test; RMSE,
root mean square error; RMSEn, normalized root mean square error.
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Figure 2. Total radiation received during the growing season to rice fields in the rice cultivation areas of Guilan

province in 2016 and 2017
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Figure 3. Regression relationship between the amount of radiation received during the growing season and the
amount of potential yield calculated for Hashemi cultivar by ORYZA2000 model in 2016 and 2017
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Figure 4. Potential yield of detected rice fields in the Guilan province in 2016 and 2017
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Figure 5. Estimated fertilizer requirement to achievement radiation-limited yield of rice fields in the rice cultivation

area of Guilan province in 2016 and 2017
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Table 3. Results of evaluation of 33 model-methods used for interpolation of NPK fertilizer requirement variables in
Guilan province

Nutritional Year InterpolatiTon Model Function R? CV (%) Num!)er of RMSE
element method points

Potassium 2016 SK Stable 0.2879* x + 192.4530 0.29 0.98 256 3.1271

Potassium 2017 SK Stable 0.1208*x + 237.5371 0.11 0.92 256 3.1517
Nitrogen 2016 OK Hole effect 0.9221#x+10.2835 0.0924 8.26 293 3.1184
Nitrogen 2017 OK Hole effect 0.9224*x+10.4491 0.0925 8.10 293 3.1171

Phosphorus 2016 OK J-Bessel 0.7632%x+2.2313 0.80 8.02 293 0.3601

Phosphorus 2017 OK Circular 0.8289*x+1.6650278 0.83 8.07 293 0.3424

T OK, ordinary; SK, simple; UK, universal; R?, coefficient of determination; CV, coefficient of variation; RMSE, root
mean square error (RMSE).
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Figure 6. Regression relationship between estimated and interpolated fertilizer requirements by kriging methods

ay



VE e /sl olods [alss 0,58 [ cliions

Ohlen 5 LLS5L (e

Wip 0 (29rddpe g Sl Slles px> alS L
Cewddy SleMbl yizmen 0g waler Cuedl Pl L
al oledbl wilgs oo ablate Juwily o ,Sloe aio) ;o ool
L ddlie o Slos e bl )l gy p 0 Slos o ol
VLY p&‘)s |) o)_..c 9 LQQ,..A) ‘5._‘>L.....Jr=5.: _LSC‘)) wl...:
Jeily 0 Shoe 4y (ol Sz 6955 5L zskaw (o)
v 50 el Gpae 4 azgr 4T ol las ead oy5l
Sfbee 4 litws o ) 1B (n feee Wlgiee Gl
S5 4 adl adly gdie Slge 4 b bl ity
S8 (IS sl bl 1 ool o &5 a0
Ol &S (ol mls wlal p ogdioe gp 9 Sles
G Ep ol )5 Gk il cle 055 Brae 56Xl
o Sles gl 4 ol e U oS ang o slas
Ol oo 5l G Bpan Jl 5 jhed sl oz (SIS

D58 (5 lo0g>

XL olay

Sle o Gadsd opl a5 auS e aul (1) gy
slai plpeas Wlg oo oS o b 5,0 Luly, €555 o
ol 00l plomil 04l pns 058l adlio

Py @l eale,

Wie ) 55 0 oS S e el () soienss
LBy sge ool Cdpus aloz I 5 DI S jsbay
ilod,S g9y @lge il g Jluyl b g beosls Jex
b5 oog Jool Sliniiod |15 Sy Jol> dllie opl Grizres
lea b i e 09 Sby e 4 JobS jobay (98
a2 0 ol el Gl 5 (o8l g 5 0atd jike 5 Olr
L85 aalgt 5 43,5 D jge (alen b 4y i

Al jLisi!l o3l

b i Oy & dllie ol Ol b (OB) sty
sLQJj..\? 515...790 )‘ oolazw! d}ﬂ} 4...15 9 ob; u&ﬁ‘}a
..\...5‘50 )‘..\f‘ﬁ )....JL: L ‘) o)...(‘- 9 Lbfﬁ..aa sLinMJ

af

aslas o (Zhang et al., 2019) | Ken 4 K3

OIY ialidl e elys lacy paw cou g Joudly o ,Sles
Gl g plimag) CuiS 50 (g 995 Bras de)o
Iy @ plli2 o ClS 10 (59,08 955 Byas doys VYN
coimlosl opl 5l sael Casods bl bl 5 030,S acogs
b ey 3,Shas & (ol s i 5L 550 e
o 3,900 S 50 a SIS NY B A o iolesl Jlo g0
3 S g oo dslllae Sl Lol o 0 (O JS)
Slosle 5l ssel Cansts s g hud 4 Glae 055
Slataend &5 sas oo plis pa S Gl (b gl
eSSk YA YL SI jand s (S bl (¢
Tr Slome) @il (o) p il SB e SelS
eSS VOB Y ol a5 ol las (Kazemi, 2012)
4 i Cqz wslhe a5 (SB s jad oSS
£ sk YA (YL o polie g wil oo o Sles jiSTas
D55 S )0 d Corons s Wlgi 0 S 0,5 5LS )0

S 75 et
b oS bl yo @ Jeily o Shoe (R cnl o
Jae 5 (GIS) LLéle ledlb] alobs céls, ;i ool
as ol olis Gudos opl mls .ob o, » ORYZA2000
O9eyS 5 9 (aoyd Ve 5l 50S) NRMSE  Jlaie ull 5
Loodd gpSoslail g oads (gilwand sboosls o o
<> ORYZA2000 Joo /Y YU ol oy
sl glojles (i liel 5 (isly g0 ol
51 GIS g ORYZA2000 Joo 3:8l5 ol o ogdle ocils
aibie ;5 ity o Shoe iloand gl ool U5
Oezes gy opl @l el e aslllas 35
olawi b gwlidlgn Sledbl ol Lozl o as ol olis
3 L iy o Slas (peeS )0 Wlgse e oK)
eolitlon Al bl b a5 el & S eSSV
i liel g (mily (el); olS iluand Jae STy
emlin <30 L 1) il o Sl (g o ddlaie jo o0l
O @on)l5 il &y azgi b Gheghy onl @l 05 0505
3,5 1,8 eolaiul 8)50 adhie o S sl Jle jo Wlgi o0
Shazmes )0 g 05 plowl Gl il Jewdly 0 Shas 05150



VEY Sl 5l oot foms s 050 fMe i S Sl 55 (955 5l 5 0 ety 3,5Los 051

References

Aalaee Bazkiaee, P., Kamkar, B., Amiri, E., Kazemi, H. and Rezaei, M. 2019. Evaluation of
ORYZA2000 model in yield simulation and production productivity of rice under crop managements.
Water and Soil Conservation. 27: 49-69. (In Persian with English Abstract).

Aalaee Bazkiaee, P., Kamkar, B., Amiri, E., Kazemi, H., Rezaei, M. and Lopez-Bernal, A. 2022. The
rice yield gap estimation using integrated system approaches: A case study-Guilan province, Iran.
International Journal of Environmental Science and Technology 1-14.

Aggarval, P. K. 1994. Constraints in wheat productivity in India. In: Aggarval, P.K. and Kalra, N. (Eds.).
Simulating the effect of climatic factors, genotype and management on productivity of wheat in India.
Agricultural Research Institute, New Delhi, India. pp: 1-11.

Aggarval, P. K., Karla, N., Bandyopadhyay, S. K. and Selvarjan, S. 1995. A systems approach to
analyze production options for wheat in India. In: Bouma, J., Kuyvenhoven, A., Bouman,
B.A.M.,Luyten, J.C. and Zandstra, H.G.(Eds.). Eco-regional approaches for sustainable land use and
food production. Springer, Dordrecht. pp: 167-186.

Aggarval, P. K., Talukdar, K. K. and Mall, R. K. 2000. Potential yields of rice-wheat system in the
Indo-Gangetic plains of India. Facilitation Unit, Rice-Wheat Consortium for the Indo-Gangetic Plains.

Ministry of Agriculture-Jahad. 2018. Agriculture statistics. Volume I: Crop products 2018-19. Office of
Statistics and Information Technology, Deputy Director of Planning and Economic Affairs. Ministry of
Agriculture-Jahad, Tehran, Iran. 90 pages. (In Persian).

Ahmadi Alipour, H. 2017. Modeling of production and yield gap of wheat in Golestan province. M.Sc.
Dissertation. Gorgan University of Agricultural Sciences and Natural Resources. 91 pages. (In Persian).

Ambreen, R., Qiu, X. and Ahmad, 1. 2011. Distributed modeling of extraterrestrial solar radiation over
the rugged terrains of Pakistan. Journal of Mountain Science 8: 427-436.

Amiri, E. and Rezaei, M. 2010. Evaluation of water—nitrogen schemes for rice in Iran, using
ORYZA2000 model. Communications in Soil Science and Plant Analysis 41: 2459-2477.

Ata-Ul-Karim, S.T., Liu, X., Lu, Z., Zheng, H., Cao, W. and Zhu, Y. 2017. Estimation of nitrogen
fertilizer requirement for rice crop using critical nitrogen dilution curve. Field Crops Research 201:
32-40.

Badsar, M. 2014. Yield gap estimation in wheat fields using GIS, RS and SSM model (A case study:
Qaresso basin, Gorgan distinct). M.Sc. Dissertation. Gorgan University of Agricultural Sciences and
Natural Resources. 95 p. (In Persian).

Bhatia, V., Singh, P., Wani, S., Chauhan, G., Rao, A.K., Mishra, A. and Srinivas, K. 2008. Analysis
of potential yields and yield gaps of rainfed soybean in India using CROPGRO-Soybean model.
Agricultural and Forest Meteorology 148: 1252-1265.

Boonwichai, S., Shrestha, S., Babel, M.S., Weesakul, S. and Datta, A. 2019. Evaluation of climate
change impacts and adaptation strategies on rainfed rice production in Songkhram River Basin,
Thailand. Science of the Total Environment 652: 189-201.

Bouman B.A.M., Kropff, M.]J., Tuong, T.P., Wopereis, M.C.S., Ten Berge H.F.M. and Van Laar
H.H. 2001. ORYZA2000: Modeling lowland rice. International Rice Research Institute, Los Banos.
Cao, B., Hua, S., Ma, Y., Li, B. and Sun, C. 2017. Evaluation of ORYZA2000 for simulating rice

growth of different genotypes at two latitudes. Agronomy Journal. 109: 2613-2629.

Chen, C., Baethgen, W.E. and Robertson, A. 2013. Contributions of individual variation in temperature,
solar radiation and precipitation to crop yield in the north China plain. 1961-2003. Climate Change
116: 767-788 .

Cochran W. G. 1963. Sampling techniques. 2" Ed. New York. John Wiley and Sons, Inc.

Dehkordi, P.A., Nehbandani, A., Hassanpour-bourkheili, S. and Kamkar, B. 2020. Yield gap analysis
using remote sensing and modelling approaches: Wheat in the northwest of Iran. International
Journal of Plant Production 14: 443-452.

Delgado, A. and Scalenghe, R. 2008. Aspects of phosphorus transfer in Europe. Journal of Plant
Nutrition and Soil Science 171: 552-575.

Deng, N., Grassini, P., Yang, H., Huang, J., Cassman, K.G. and Peng, S. 2019. Closing yield gaps for
rice self-sufficiency in China. Nature Communications 10: 1-9.

0



VEY Sl 1) osbect amsilys 050 SO lishos Sen 5 Sl (el

Drenth, H., Ten Berge, F.F.M. and Riethoven, J.J.M. 1994. ORYZA simulation modules for potential
and nitrogen limited rice production. SARP Research Proceedings. Wageningen, The Netherlands.

Espe, M.B., Yang, H., Cassman, K.G., Guilpart, N., Sharifi, H. and Linquist, B.A. 2016. Estimating
yield potential in temperate high-yielding, direct-seeded US rice production systems. Field Crops
Research 193: 123-132.

FAO. 2018. Food and Agricultural Organization of the United Nations. http://www,fao.org/index_en.htm/,
1/1/2020.

Fatemi, B. and Rezaei, Y. 2006. Basic of remote sensing. Azade Publication. 257 pages. (In Persian).

Fu, W., Tunney, H. and Zhang, C. 2010. Spatial variation of soil nutrients in a dairy farm and its
implications for site-specific fertilizer application. Soil and Tillage Research 106: 185-193.

Gharineh, M.H., Bakhshandeh, A.M., Andarzian, B. and Fayezizadeh, N. 2012. Agro-climatic zonation
of Khouzestan province based on potential yield of irrigated wheat using WOFOST model.
Agroecology 4: 255-264. (In Persian with English Abstract).

Godfray, H.C.J., Beddington, J.R., Crute, I.LR., Haddad, L., Lawrence, L., Muir, J.F., Pretty, J.,
Robinson, S., Thomas, S.M. and Toulmin, C. 2010. Food security: The challenge of feeding 9 billion
people. Science 327: 812-818.

Guo, Y., Wu, W. and Bryant, C.R. 2019. Quantifying spatio-temporal patterns of rice yield gaps in
double-cropping systems: A case study in pearl river delta, China. Sustainability 11: 1-22.

Hajjarpour, A., Soltani, A. and Torabi, B. 2016. Using boundary line analysis in yield gap studies: Case
study of wheat in Gorgan. Crop Production 8: 183-201. (In Persian with English Abstract).

Hussain, S., Huang, J., Huang, J., Ahmad, S., Nanda, S., Anwar, S. and Zhang, J. 2020. Rice
production under climate change: Adaptations and mitigating strategies. In: Fahad, S., Hassanuzzaman,
M., Alam, M., Ullah, H., Saeed, M. and Khan, [.A. (Eds.). Environment, climate, plant and vegetation
growth. Springer. pp: 659-686.

Islam, A. and Muttaleb, A. 2016. Effect of potassium fertilization on yield and potassium nutrition of
brown rice in a wetland ecosystem of Bangladesh. Archives of Agronomy and Soil Science 62:
1530-1540.

Kahabka, J.E., Van Es, H.M., McClenahan, E.J. and Cox, W.J. 2004. Spatial analysis of maize
response to nitrogen fertilizer in central New York. Precision Agriculture 5: 463-476.

Kassie, B.T., Van Ittersum, M.K., Hengsdijk, H., Asseng, S., Wolf, J. and Rotter, R.P. 2014. Climate-
induced yield variability and yield gaps of maize (Zea mays L.) in the central Rift Valley of
Ethiopia. Field Crops Research 160: 41-53.

Kazemi, H. 2012. Ecological crop zoning of Golestan province in order to develop a suitable cultivation

pattern. PhD Dissertation. Trabiat Modares University. 280 p. (In Persian).

Kazemi, H., Tahmasebi Sarvestani, Z., Kamkar, B., Shataei, Sh. and Sadeghi, S. 2012. Evaluation of
geostatistical methods for estimating and zoning of macronutrients in agricultural lands of Golestan
province. Journal of Water and Soil Science 22: 201-218. (In Persian with English Abstract).

Khaliq, T., Gaydon, D.S., Cheema, M.J.M. and Gull, U. 2019. Analyzing crop yield gaps and their
causes using cropping systems modelling. A case study of the Punjab rice-wheat system,
Pakistan. Field Crops Research 232: 119-130.

Lobell, D.B., Cassman, K.G. and Field, C.B. 2009. Crop yield gaps: Their importance, magnitudes, and
causes. Annual Review of Environment and Resources 34: 179-204.

Meghdadi, N., Soltani, A., Kamkar, B. and Hajjarpour, A. 2014. Agroecological zoning of Zanjan
province for estimating yield potential and yield gap in dryland-base chickpea production systems.
Plant Production Science 21: 27-49. (In Persian with English Abstract).

Nasiri Mahallati, M. 2000. Modeling of crop growth processes. Mashhad University Jihad Publications.
274 pages. (In Persian).

Nassiri Mahallati, M. and Koocheki, A. 2009. Agroecological zoning of wheat in Khorasan provinces:
Stimating yield potential and yield gap. Iranian Journal of Field Crops Research 7: 695-709. (In
Persian with English Abstract).

Nazari Far, M., Momeni, R. and Jafari, V. 2006. Evaluation of the effect of radiation on the maximum
yield of agricultural products in Karun Basin and zoning of water use efficiency using GIS. The first

a5



VEY e /sl oyl [p205l90 0,90 /e Dliims LS sl [0 (6955 55 5 g5 el o ,Shos 351 5

Regional Conference on Water Resources Exploitation in Karun and Zayandehrood basins:
Opportunities and challenges. Shahrekord University. (In Persian).

Neumann, K., Verburg, P.H., Stehfest, E. and Miiller, C. 2010. The yield gap of global grain production: A
spatial analysis. Agricultural Systems 103: 316-326.

Potter, P., Ramankutty, N., Bennett, E.M. and Donner, S.D. 2010. Characterizing the spatial patterns
of global fertilizer application and manure production. Earth Interactions 14: 1-22.

Pourhadian, H., Kamkar, B., Soltani, A. and Mokhtarpour, H. 2019. Evaluation of forage maize yield
gap using an integrated crop simulation model-satellite imagery method (Case study: Four watershed
basins in Golestan province). Archives of Agronomy and Soil Science 65: 253-268.

Qaswar, M., Jing, H., Ahmed, W., Dongchu, L., Shujun, L., Lu, Z. and Huimin, Z. 2020. Yield
sustainability, soil organic carbon sequestration and nutrients balance under long-term combined
application of manure and inorganic fertilizers in acidic paddy soil. Seil and Tillage Research 198:
104569

Raziei, T. 2017. Koppen-Geiger climate classification of Iran and investigation of its changes during 20™
century. Earth and Space Physics 43: 419-439. (In Persian with English Abstract).

Sarkar, M.I.U., Islam, M.N., Jahan, A., Islam, A. and Biswas, J.C. 2017. Rice straw as a source of
potassium for wetland rice cultivation. Geology, Ecology, and Landscapes 1: 184-189.

Schulthess, U., Timsina, J., Herrera, M.J. and McDonald, A. 2013. Mapping fieldscale yield gaps for
maize: An example from Bangladesh. Field Crops Research 143: 151-156.

Soundharajan, B. and Sudheer, K.P. 2013. Sensitivity analysis and auto-calibration of ORYZA2000

using simulation-optimization framework. Paddy and Water Environment 11: 59-71.

Tari, D.B., Amiri, E. and Daneshian, J. 2017. Simulating the impact of nitrogen management on rice
yield and nitrogen uptake in irrigated lowland by ORYZA2000 model. Communications in Soil
Science and Plant Analysis 48: 201-213.

Torabi, B., Soltani, A., Galeshi, S. and Zinali, E. 2012. Analyzing wheat yield constraints in Gorgan.
Crop Production 4: 1-17. (In Persian with English Abstract).

Villalobos, F.]J., Delgado, A., Lopez-Bernal, A. and Quemada, M. 2020. FertiliCalc: A decision support
system for fertilizer management. International Journal of Plant Production 14: 299-308.

Wang, W., Ding, Y., Shao, Q., Xu, J., Jiao, X., Luo, Y. and Yu, Z. 2017. Bayesian multi-model
projection of irrigation requirement and water use efficiency in three typical rice plantation region of
China based on CMIP5. Agricultural and Forest Meteorology 232: 8§9-105.

Wopereis, M.C.S. 1993. Quantifying the impact of soil and climate variability on rainfed rice production.
Ph.D. Dissertation. Wageningen Agricultural University, The Netherlands. 188 p.

Wopereis, M.C.S., Bouman, B.A.M., Tuong, T.P., Ten Berge, H.F.M. and Kropff, M.J. 1996.
ORYZA_W: Rice growth model for irrigated and rainfed environments. SARP Research Proceedings.
Wageningen, The Netherlands. IRRI/AB -DLO. 159 p.

Wu, D., Yu, Q., Lua, C. and Hengsdijk, H. 2006. Quantifying production potentials of winter wheat in
the North China Plain. Agronomy Journal 24: 226-235.

Yaghoobi, M., Aghayari, F. and Mostafavi, K. 2017. Factors affecting wheat yield gap in Savojbolagh,
Iran. Advances in Bioresearch 8: 84-92.

Yousefian, M., Soltani, A., Dastan, S. and Ajamnoroozi, H. 2019. Documenting production process and
the ranking factors causing yield gap in rice fields in Sari, Iran. Iran Agricultural Research 38:
101-109. (In Persian with English Abstract).

Zhang, H., Tao, F. and Zhou, G. 2019. Potential yields, yield gaps, and optimal agronomic management
practices for rice production systems in different regions of China. Agricultural Systems 171: 100-112.

ay



