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Table 1- Experiments used for parameterization and evaluation of SSM-iCrop model

Jlw g Gadod gl Joo ¢yl
Province, location and year

L Lows
Treatments

&l
Reference

Jse b piel,b gl o3lisunl 390 ol lo i

Experiments used for parameterization model

WAY oyl (Juwd)|
Ardabil, Ardabil, 2015
yya- ‘OL@"”‘ ‘QL@-@‘
Isfahan, Isfahan, 2011
\YAY ‘OL@"”‘ ‘QL@-@‘
Isfahan, Isfahan, 2008
VWA VYA )5 5 g ol 5 oS

Kerman and Alborz, Jiroft and Karaj, 2009-2010

\YAQ ‘OL@"”‘ ‘QL@-@‘
Isfahan, Isfahan, 2010
WY 58 e s )i g Jlwe o

Chaharmahal and Bakhtiari, Shahr-e-Kord, 2012-2013

VWAV 58 50 e )i 5 Jlowe o
Chaharmahal and Bakhtiari, Shahr-e-Kord, 2013
WAD gt (5955 ololys
Razavi Khorasan, Mashhad, 2006
WA ULA)S “')Lo)f
Kerman, Kerman, 2002
wyay ULA)S “')Lo)f
Kerman, Kerman, 2013
VWAV (e o lan
Hamadan, Hamadan, 2002

i oS3
Planting density
Sl
Irrigation
9 355
Nitrogen fertilizer
o gladls Js
Weed control
595
Genotype
Sl
Irrigation
59755 355 S
Nitrogen fertilizer rate
Ll iS5 63 ¢ gunjiuns
Potato, corn and intercropping
Sl
Irrigation
cusls gyl
Sowing date
595

Genotype

(Jam et al., 2015) 4, Ko g o>
(Baghani et al., 2012) 4,Ken 4 SlEb
(Jalali & Salehi, 2015) lo 4 M

(Mamnoei et al., 2016) ., \Sen 5 coi00
(Ranjbar et al., 2013) o, \Sen 4 o0,
(Naderi et al., 2016) -, Ken 4 50U
(Bagheri et al., 2016) ;S 4 (8L

(Hossein-Panahi et al., 2009) J,Sen 5 2y e
(Sabbah & Ghaffari-Nejad, 2008) I3 ¢,k gzl
(et al., 2015 Nikzad) J,5en 4 3135

(Parvizi, 2008) 555,

Jo b3y (6l o3kl 5,90 ©liyle ;1
Experiments used for model evaluation

WA Sl e 5o
Markazi, Arak, 2009
WA ooyl (Jwd)|
Ardabil, Ardabil, 2011
WAY gl 58 (o3l
West Azerbaijan, Uremia, 2008
WA 55 (55 bl
East Azerbaijan, Tabriz, 2006
VWAV 58 50 e )i 5 Jlowe e
Chaharmahal and Bakhtiari, Shahr-e-Kord, 2013
WA wlitilo S colile S
Kermanshah, Kermanshah, 2009
VYA (e o lan
Hamadan, Hamadan, 1999
VWAV (laed o lan
Hamadan, Hamadan, 2002
WAL (lded o lan
Hamadan, Hamadan, 2011

Sl
Irrigation
i bl copte
Weed management
Sl
Irrigation
il Ges 5 o)l
Irrigation, and planting depth
Solel s 93
Genotype, and irrigation
8
Fertilizer
3975 355 o
Nitrogen fertilizer rate
by blS
Cover crops
CuiS g 5 by (JalS
Cover crops, and planting system

(Madani et al., 2010) |, Ken 4 Sio
(Amini et al., 2015) ),Ke2 5 il
(Masoudi et al., 2010) },Ken g (g3gruo
(Nasrollahzadeh-Asl & Sedaqat, 2015) célis 5 Juol oI55 dllpas
(Haghighati et al., 2016) -, Ko 5 sdié>
(Rostami-Ajirloo et al., 2012) },Sen 5 o yun| ot
(Yazdandoust & Hamedani, 2003) s 5 casgs by
(Aboutalebian & Mazaheri, 2011) ¢ 2l 4 oLl

(Ahmadvand & Haji-Nia, 2015) slj sl 5 5565




PAV S obewl yo (Solanum tuberosum L.) Susjowm 8 Sdos Mo i (5] )50p g ouy0ld

6000 :
a) O
& 5900 | RMSE=371gm? o/ /0
&E-g CV=14%
= r=0.80 // P
T 4000 | o o s
- ong e
g 3000 - B
= , P
= I e
Z 2000 -
1000 | OPotato-late
2 OPotato-early
0 : : , . .
0 1000 2000 3000 4000 5000 6000

Observed yield (g.m?)

6000 ,
o

. 5000 RMSE=542g m?

A CV=14%

& 4000 7080 o A
n=20 7 -

= o O, .-00

2. 3000 - o6 .~

= o

2 / e

= 2000 -

E "4 ’,o’

Z 1000 | O Potato-late

7 OPotato-early
0

0 1000 2000 3000 4000 5000 6000
Observed yield (g. m2)

e (b) 31 5 (3) ot ol o s obast 1 (w3 Ao Capgh ) (F1ablio 3,Kdos ylio )3 iy 3,Shas (5 wnsd ) S5
Fig. 1- Simulated versus observed fresh potato yield (80% MC) for parameterization (a) and evaluation (b) of the model
ol 00 02 LS Miow S ygody Vi) ks g padlail ygody doyd Ve linebl 250

+20% discrepancy lines are indicated by dashed lines. The solid line is 1:1 line.

54 55 56
\ A A
N - I
A o [T
= ;WH
.
- P~ A
8 \U 3
3
\
\“ Gonffhan
\ Legend
b Cities
~ y ) A Weather Station L~
« A ) 3 GRIDCODE A
EF{“ Gaz| G / 17 g HC2-Clay HF120
B R g [ HC5-Clay MF120
) T = y
ﬁ@“ - s ciy e
- HC12-Loam HF060
[ HC14-Loam MF120
0 15 30 60 [ HC17-Loam LF120
— e— KM HC26-Sand LF120
54 55 56

Ol Ll Wlisee sblo 3 S £ -Y JSUS
Fig. 2- Soil types in whole of region in Golestan province

sae SOl ISize digy o pU Lgud o odlitul pled lpuss o
Neveoolael b GDD jiie WSy 50l 08y g b e
(Sis (asls) Bas due sl odd (asio Verre B Yees
L wled Olyus paie glo oM 580 e BYer Voo o dlael by
deld hgydn (gdudiny (yhg) »d Wledd astine YT o) ol
SRS el sliel opl 5l s Shae M Sl bl by

g4 g0 0dlatwl aul8l glaaigy

o 039axe 3 (a8ly 3 Slas g Jeily 5Slas (o3l ey

0950 33 (o jims CulS ) pdaw 4 da g b owlidlon oS
S8 (DCZ) 5V g 53 3,Skae (puliyn oS o 3,
3y8des 1 o3latal b 5 (e & 9 29800 il (g (S0Lee
Do o oy il wlide 40 3 Slas DCZ j> 0 03 (pposss
Sl NS 5H(CZ) (ol aigy ya (6 )5S L) (61560 1y
Sid (asls (GDD) ad) 55, 42)d slajesie sl 0dd iy o5



AR b Foylouds IY ale (6 3y9liS ol pgr 4y pis #YA

IFPRI Harvest Choice (Koo & Dimes, 2013) _wlw!p LS Uuol 13 e jcmm Sl ol 3blo 3 pho SBSB -Y Jous
Table 2- Major soils in the main potato production areas in Golestan province based on IFPRI Harvest Choice (Koo & Dimes,

2013)
S s S S e ol SRy gl CedB (S
s SE  SOLDEP SB  SB Jsie DRAINF  SAT sl N
Soil code
Soc (%) (mm)  gATB CN (m) (m)  DUL(m) LL @m)
HE2-0V- em Gos b (olol sy ¥ 05 1200 0.05 85 0.2 0.458  0.405 0.233
Clay HF120
W O Gos dawgia h5lols oy 805 ) 1200 0.05 85 0.2 0.458  0.405 0.233
HC5-Clay MF120
HEB-AY- om Gos o8 3ilols iy A5 5 1200 0.05 85 0.2 0.458  0.405 0.233
Clay LF120
HC12-7- em Gae Vb ol s AV S 600 0.10 75 0.5 0.41 0.307 0.180
Loam HF060
W O Gas dhwgie (sp5lols (o AT S 5 1200 0.10 75 0.5 0.41 0.307 0.180
HC14-Loam MF120
Mo O o o8 (gpelols o) AV S 0-0.7 1200 0.10 75 0.5 041 0307 0.180
HC17-Loam LF120
Mo OM Gos o8 ol o 7 0-0.7 1200 0.15 65 075 0365  0.169 0.073

HC26-Sand LF120

s JB3b SIS g5 w5 (€Y JS5) Wdb olaid] ded 4 |,
s b s el ool & 05 pasetie (55 0 bl 5 Slledla) ol
Lo olswl waal )L SB gy o b a8 ol as g 4
(Ao 00 YL) e SB g5 S il 5,5 6 )bl ol
b oablpils o] (lp Jy oti bl SB olen s 45 154
520 00 ol S5 g5 93 il gaw > 3] STy 4 g
00,5 Iyl lyly s ol glp Jae b wsas ol sspd Ve (oYL
(Van Wart et al., 2013) (fy )

Ol S8 L U8 oo oyl |y s po > K5 SS90
adlaio (liblyn oSl 0394t (sl 1y 0,des st (S5
Van Bussel et al., ) 48 auobro bl JS coles ) g (ouldl
2 Sl Jhe =Y 392 5 g ya IS S slal Uy (2015
ol b Ve0)9> So 53 S g5 2 (lp g (ouliidlyn oSy
L =Y bl condds S g5 yn gl 4Vl Juilo 3,Skee b 13
L o&iugl y 2 0300 0 SB g5 o Sl colun 4 ag
=Y A deloee o] jb 03900 3 Slos  Sig (1wSike I edlatl
0y Slas =¥ 00 )5 dwbrs o] o dls Ve 5 Slee 1 Sls
WA 031 presd pudl 4y wlidilen 6Stus] 63940

b alpe y 5 ol ay i oleMbl gy

o=l el (http://www.yieldgap.org/web/guest/cz-ted)
e lpolSiun] yllS liwl wlislen oSl VY 0 5 JSS9 0
Sy gl 02900 53 e CulS o oo (3 5V (bl &S
IS (@Y ) (o] S o wudl o )3) as Gl weuish
» (DCZ) olswsl slap 8l oleica £Y-Y 4 £V-V slay, sl
oo jmo (S5 LSe FYVY (paoomo pd 4 WAd (8 yxe ylinl
olwly oSl 2 63900t o 231 )8 oulBl g ol o il
i 5 (DY JS) 2,5 e sagh 1o+ gla b olo gl
WA 03) iy o 0 &ly ol 53 a5 elBl bl Lol
sbagisn jlome olwl b (Sligen 3929 ©ygo 13 (pizxen
5 48 2l 0o b 0 ¥ JS) 39 0m 035 by Bl (L2
sl 0as o8l il JS7 (bl 51 0T pr bl 3 o
& ol aoyd 4 dag b dm alsje 3 (A Y JS) 33,5 et
o=l aS dg b o ol b jl8 bl IS5 80 & 30
oy 2ol 1o )3 ¥ S YY) oLl wusls oK suio0
=l oYY Jolse ,LiSa VFAY) (LSS o)l g (Ll
Loo&iun] plw oy (2l doyd cp 3 YL gl (bl e o
OYAY 2 i8S 51,8 a8l 31y 50 &S o jamw (oB])] S cdidgy
ol JS ool ko yn AY o] 93 (pl (ggazme jo &S 2y LS



PN S bl 5o (Solanum tuberosum L.) Cusjoums 3 ySdos Mo ot o )50 5 o y0lo

5|4 5|5 56 5I3 5|4 55 5‘6 5l6 5‘7
T e
A !
. Aghtoghe | |
y y
M:
e araveh r/-_/ © ©
P y 3 3
&
8 S an [ H
ol A /7 @ @
‘ { 3 8
/
Narab - <
5 5
s s
5 5
e Legend 8 A GYGA_Stations []4002 [ 15102 |[ 8
N ) | A GYGA_ Stations [ 14003 16002 [ Buffer 100km  [14003 [ 6002
A - GYGA_CZ [ 15002 16003 GYGA_CZ [ 15002 [ 16003
15 30 0 13003 15003 16102 [ 13003 [15003 [ 16102
- [14002 [ 15102 16202 2 [ 16202 || g
54 55 56 53 54 55 56 56 57

37

54 55 56

Aghtoghe
A

Legend

3003 [ |5002 [ 6002
I clip buffer [714002 []5003 [ 16003
GYGA_CZ 14003 []5102 []6102
km 6202

A GYGA_stations

37

56

37

Aghtoghe

Legend
potato crop area
[ Jo-4
Es-9

B 0-41
. 42422
Jcip bufier

A GYoA_sitons

2 et

54 55 56
5‘4 55 5'6

37

C—

2 3 3 3
Legend
A Selected station
~ ~
5 [Iselected buffer & = -

potato crop area

Legena

~ [Jo-4 A sclected station  MBHCS-Clay LF120
s5-9 [sclected_buffer  MMHCI2-Loam HF060
[ 10 - 41 A Soli code B HC14-Loam MF120
.42 - 422 B HC2-Clay HF120 MM HC17-Loam LF120

[ Jgolestan_border

0 15 30

60
Km

B HCS5-Clay MF120 BBUHC26-Sand LF120
[golestan_border

54 55 56

54

55

56

9 soaldl 3blio (A (GYGA ST gy (wlal 1) 21501 8L J&1s SB £95 9 480 J3 15 51y wlw! 1 0] G Jol po - Y S0
uwd 835 iyt 6 3L (C (@ yo (owliniilyd o] Blybl 43 oghS Yo+ glai b 1y3L (B ooyl 13 waldl 05 bl gy 1551 g LoolSiun!
9 Nl L ploS dy piady I (o jirmm (01 gy (poluol 2 o (BT (S 3L (E e 8L JA15 (oo joums (201)] (D euddl ulisl 2

Bl g, dl Jals S1B ggi (F
Fig. 3- The stage of selection reference weather station (RWS) buffer zone and soil types in buffers based on potato crop area
(According to GYGA protocol). A) GYGA CZs regions and RWS selected based on climate zone, B) Buffer zones with a 100
km radius surrounding a weather station, C) Clipped buffer based on climate zone, D) Potato harvested area into buffer

zone, E) Reference weather station (RWS) buffer zones which selected from the buffer zones according to their covered
potato harvest areas from big to small, and F) Soli types into selected RWS
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Table 3- Cultivated area, actual yield, production and, Share of city potato cultivated area to province (%) (average
2001-2015 years)
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Fig. 4- The relationship between potential yield and total solar radiation (SRAD¢) and radiation received from sowing to
initial tuber growth (SRAD2) and radiation received from the onset of tuber growth to harvesting (SRAD3)
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Table 4- The information of sowing date, day to harvest, and potential yield and GYGA_CZs cods of weather stations.
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Fig. 5- The zoning maps of potential yield, actual yield and yield gap of potato in Golestan province
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Table 5- Potato cultivated area in buffer and climat zone (CZ), actual and potential yield, potential gap yield, relative yield
(RY), attainable yield, exploitable yield gap in its main weater stations and climate zones (CZ) in Golestan province
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Exploitable yield is 80% of potential yield.
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weather stations buffer CZ (tha'!) (tha'!) yield (%) yield (t.ha™) (tha™)
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* Exploitable production is 80% of potential production.
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Table 6- Potato actual and potential production, potential gap production, relative production (RP) for potential production,

exploitable production, exploitable production gap and RP for exploitable production in its main climate zones (CZ) in
Golestan province
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Table 7- The comparison of GYGA and Interpolation method Based on the number of stations
required, potential yiels, actual yield, and yield gap of Potato in Golestan province
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Introduction

Potato (Solanum tuberosum L.) accounts for the largest share in production of food products after wheat, rice
and corn, which plays an important role in the nutrition and food basket of the world. Currently, the issue of food
security and supplying is very important in different parts of the world and thus prediction of its demand that is
increasing. Also, growing population will intensify this issue too. A key strategy to overcome the nutritional
challenge of the growing population of the world is eliminating the gap between the current achievement in
farms and the yield which can be achieved by using the best cultivars compatible with the environment and the
best water, soil and plant management methods.

Martials and Methods

In this study, potential yield of potato was estimated using the SSM-iCrop2. then the production and yield
gap of potato were investigated with two methods of Global Yield Gap Atlas (GYGA) and Arc GIS software by
interpolation method for Golestan province. For this aim, the information of potato cultivation management in
the province level and the daily data of 23 synoptic weather station as well as their soil data were used.
Meanwhile, potential yield gap analysis protocol (GYGA protocol) was used to identify the main weather
stations named reference weather stations (RWSs) and climates where potato is planted in Golestan province.
Potential yield of potato was estimated within the area covered by each RWS, and then scaled up to the province
level. In order to implement the interpolation method in ArcGIS software, initially, potential yield of 23 stations
in the Golestan province was estimated. Afterwards, the potential and actual yield in the whole province was
estimated using Kriging and IDW methods, respectively.

Results and Discussions

According to the Agricultural Jihad Report, the actual yield of Golestan province (a ten-year average) was
reported as 22 t.ha!, while the actual yield calculated based on the interpolation method was estimated equal to
22 t.ha'!. However, the actual yield calculated using the global yield gap atlas (GYGA) method was estimated as
20 t.ha'!'. Heigh yield of potato in the province was reported by farmers up to 55 tons, which was considered as
potential in the province to be compared with GYGA and interpolation methods, so that in the GYGA method,
52 t.ha''and in the interpolation method, finding was 42 t.ha’!. yield gap and relative yield in the GYGA method
(33 t.ha'and 38 percent), and interpolation (20 t.ha! and 52 percent) were obtained. Also, in GYGA method, the
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values were estimated using only two stations, but in the interpolation method the province's yield was estimated
using 23 stations and daily meteorological data. The GYGA protocol is a bottom-up approach used by Hochman
et al. (2016) to assess the variation of national yield from climatic zoning to analyze similar agro-cluster groups.
So far, several studies have been done using this protocol. Gobbett et al. (2017) showed that wheat lands in
Australia are located in six key climatic regions. They selected 22 reference stations in this area and calculated
the limited water potential yield using the APSIM model (for the years of 1996 to 2010).

Conclusion

The results showed that both Global yield gap Atlas (GYGA) and interpolation method had accurate
estimation of actual and potential production and yield, but those values obtained using statistics and 23 weather
stations in the interpolation method, and using just 2 weather station (Hashemabad and Gorgan stations) in the
Global Atlas method. As previously mentioned, the GYGA method is designed to estimate the yield gap at the
national level, which can calculate the potential yield, production, and yield gap in a wide range even with the
least amount of information. One of the advantages of GYGA protocol is that the results obtained at any point in
the world are comparable to other areas and cultivations of that particular product. Based on the comparison
made in this study, it was concluded that the Global yield gap Atlas method should be used to estimate the yield
of the country.
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