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1 -The Global Yield Gap Atlas Extrapolation Domain
2 -Aridity Index

3- Spatial Production Allocation Model

4- Harvest Choice

5- Harmonized World Soil Database

6- World Inventory of Soil Emission Potentials

Al w3 9 o]

bulyd ) g2 (o)) olS (695 (958 Gl )3 adllas @l
YD el cela b b 155 Joallyszes ) oslial b ol cutS
owliilan oSl gy )3 (#8lg 3 Slos bawgio a8 ol L5 ¥+
29152 3 Skos Jpuiliy 5 JuS2 )3 (5 VIAY 3905 0 (s 20
bl 53 39390 3,8hee M line A8l o HiSB y3 o5 AYY o
ol sl (0,5kes M5 0o )3 ¥5 Jolas) JiSn p o5 O/OF g3
.(Jenab & Nazari., 2019) 1 03) (e Jguaro

bls o 3L Ol g ecsls b ola o) 39008 & a5 b
5> 5 Ol IRl sl Sl oyt calnl 98 il
e =) oS I g5 )3 lSs9 alaw  (e) 9 5988
o diuly godge (] &S Wiloe aw doly )3 3 )Shes il33)
2 698 20l dangs gl a3 Co e CudS il
csloosles 3l oolinul (g3ludinge g 0l3ygliS” (iol> GljEles)slas
ol cutS iz blis )5 (93 yml) sl gyl Canlw 9 (55LiS
dyin b 4 pols bulpd )3 gy (ul b oAbl o )9S )3 ol
2 35Soe S e 3,0 b alaly )3 puol> adllan join oS
o1t plosl il 8 lyicds j5S 5 o] S Lol 3blis
ol oonldl sblie s canlllao oyl plos] 1 G oyl ylsy
2 5 Lae 8l ol 53 3,8las Jousiliy 0lie 23512 95 92 A58
bylyd (b g 3,Sloe M5 4 ag 5 M (lise (e36 Zoles
8l g0 )9S ISy > Shoe S5 Slagr bl b 2 o S

L g, 9 dlge

Ossbes VO 3gas Colwe Ly oyl :andllas 3590 dadlaio
sbadsk g (Jlod a3 ¥+ BYF oldhin laps e o S
2 292) Sleygls adlaie )3 (Byd 42> FF G Y Ll
95 Calizee bLE 1 ol g45 chyls 5 conl 483 )38 (Ll
cuiS o3 yS uiSly Jdaas (Roozitalab et al., 2018) il o
ClaoBiw] mow > aslllas (ol 5 iS o Lo bLE > 9>
oolizul L j9i5 (ol g2 25 ol (gl 3lis 5 50 olitlyn
L8 Oyge Sl Jedllygiod S

Sl pulbl Jaall ) gias 5 ) 1 ledb) (5,90 pan
(COFEERE



1Fer linal @ Yo,lods Y ol ¢ 5)9liS (bl pgo &y ys YYA

I olsSs a5 @ls gl (S0 1K 3,809y olul -l
aS ol 5ol 5,5 ookl T Lo 8 g e owlislgn oKiunl lgie
Jhas) @asfls SleMbl ol (s (iRl oSl Sl Glsn
aitg Sy 099) o) o (K035 55 anlio S g (JLo Y-
bylys coley b calllas opl 50 135,87 ooliiunl () luSs o8l a8 L
sloolKi] lyicas oSl cin o o> (clp K5 Josdlygmd
Ll ol (lisse e oo (piougl) (0
Soss 5,5 i > (B 5 (Lo Lol )

o3liw! b LRWS ;5 o 95 Jamdily 3,50os 3,9
S 3l onlitl b Jewsily 5, Slas 3441, :SSM-iCrop2 Ju 3!
3Slae 35 pslia 055 (sl oI5 (gl casl S (siltand Joo
o=l e Clusay ol cuss” Lol gblie )3 g ol); oS
&= (SSM , seslw dox i) SSM-iCrop2 o jl aalllas
i oalial jpS Gilisen L 3 g Jpuslly 3,Shat (55t
b el .(Soltani & Sinclair, 2012; Soltani et al., 2013)
plosl (Bl g (sl oS Ve il Gl sl ps8e i (2Ll s
oo 5 B | (Soltani et al., 2020) col a5
ol (63l pliinds y5uS chlisen bl 55 oolizal lyy Jao
U SN I ST I RR- SR
039350 33 Jauiliy 3 )Slos dusloea (sl o1 51 (Y JSS) 23 9
2 o] K8 Joallygiws yolul p g po (aolidlen oSiu! 2
9 wlslgn « cl)5 o pie GleMbl (g9l xes (Alasti, 2020)
s iy clisee  SleMbl mlio jloalatwl b oK) jo SB- go
OlingldS g bl 2 (65,5liS Sl plojl (paasite Jols
@ 5 Uhigel liios plojlw g (olidlyn (lojls loxe
HC- SB by asds jl gysciune SleMbl g 08 S (6j)sliS
323Ld0 390 1 il ad ply g0 addllas ol plil (gly 27
b Al 10 Csenily 0y90 S gy RWS ja o il 5 Slos
SLeMbl 5 osliil Ly WAY-RF L5 VWVA-Ae <clyj cla Lo
—=hy; o pae aledbl (Jas gl gl i plool o by yo
bl o v sly5 ol Pl g (o)Ll Lalys ccusls gu,b Jolis
Mg o yastde Jhe o by ol cuss blys

3- Hypothetical RWS (HYP RWS)

0 ySie SLS a s JuwSy o wlis .ol oad odlitul ;i
obol  SB go a8l o (arc minutes &) km /YA Jolas
2 S ()8 10)) (s35dols 5 Bos Bl Jlns s
(Han et 35 0 (5,180 ko aids oyl 3ub YV UV &Sl ddlais
Jsds 53 olpl 2 senge e sl S A Cluoguas al., 2015)
Wl 0 5141

owldlgn (ol g (ol (ooddl bl i
Van ) LSS Joalljgiws jl oslitul L 2 o g ClS 22 50
seolSiwl g (DCZ) " Lol (ol sblie (Bussel et al., 2015
5 ooliul b (o cusS bylpd) o> oS (RWS) Taspe awliilon
bla auY LS aaldl gaiid iy Sy pdow slaaias
)euiS JS (HC27) SB SleMbl 5 oS cwlislon (slaoSiw!
Lgdse

colilgn (clmolSins| SleMbl 1 owludlgh CleWb! arns
10 aedily 0y50 S (gl yaulS aolisler ylojle 5 Sty g
el i agy WAV =YY B AYAIYYA Sloj ol b dlle
Lol o Jeily 5y Slas dusloee jglaiody ddlllas oyl o
o il Jold ljg) (oulitlgn (claodls cqaye (owlidlpn
930S (Bl ey Sl g Jilis lod c@perie 1 Joile
ool el )3 cal b5 3550 pio oo sy (S51 e
Sygmo > SlSly —pg ST dblre (gl oLl @lebo (slaodh
doleo oyl ol i oalaiwl (gaudysd Il &iljgy slaosly ylaas
il bl 5 syss ailig) G dpglp (b | 058 VL ¢
Alasti, 2011; Kamali & Moradi, ) caol oo 5L Lo g jauiS
.(2005; Paulescu et;al., 2016;

oS! Lolod &S dgr ol o 15,8 i) ol adlllas Lo
i gdlazel LB g el awlidler glaodh (gl 39340
O solilan loolSiunl I (S ) baodls 35385 (o) U
ooy Ve 5l 1568 0 e &S ol L RWS lgicads i
b slaodly ol g3 iS5 o odimd yiier (slaolKius] o)
bl cuslio (oal) 5 (g 30 3929 Jo8 JBB é L g o
3559y b (BLSL cledbl gols (sbnolKans] U5 3,8 o
o3, Slogiy b p laolSiugl lye cod alSiual il

1- Designated Climate Zone
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Fig. 1- Simulated versus observed values for (a) days to harvest maturity of barley based on the extracted reported data for
model parameterization; (b) grain yield of barley based on the reported experiments for model parameterization; (c) grain
yield of barley based on data of independent experiments that were used for evaluation
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The +10 and +20 percent ranges of discrepancy between simulated and observed days to harvest maturity(a) and grain
yield (b and c) are indicated by dashed lines, respectively. Solid line is 1:1 line.
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Fig. 2. The buffer of reference weather stations (RWSs) within designated climate zones (DCZs) of irrigated barley harvested
areas in Iran during 2014-2016
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Table 2- Designated climate zones (DCZ) in irrigated barley production areas, the Numbers of Reference Weather Stations

(RWSs) and the values of harvested area (ha) in each climate zone, the percentage of total national irrigated (734993 ha)
harvested area in the DCZs during 2014-2016
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Climate The harvested area in each The number of RWSs in each DCZ The pe reentage of irrigated bz}rley l.mr.vested
area in each DCZ to total national irrigated

zone code DCZ (ha) of irrigated barley harvested area barley harvested area (%)
3102 18684 1 2.54%
4002 19582 1 2.66%
4003 108059 9 14.70%
4102 27223 1 3.70%
4103 43060 6 5.86%
5002 71515 5 9.73%
5003 160023 8 21.77%
6002 42465 5 5.78%
6003 118489 8 16.12%
6102 12648 1 1.72%
7003 9262 1 1.26%
8003 27908 2 3.80%
& 658918 48 90%

SUM
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Fig. 3- Irrigated barley actual yield (kg.ha') in Reference weather stations (RWSs) (the name of the RWSs which were
identified as a No. in the map, is located in table (3) (a); the average actual yield (kg.ha?) of the country reported by Ministry

of Agriculture versus the actual yield of the country calculated by the GYGA method for irrigated barley. Time period is
2000 to 2014. (The +20% discrepancy lines are indicated by dashed lines. Solid line is1:1 line (b))
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Fig. 4- Relationship between mean annual Growth Degree Day (GDD) in designated climate Zones (DCZs) and growing

season (day) (a); Cumulative received daily solar radiation during growing season (Mj.m2.day); actual yield (kg.ha*) and
the relationship between growing season and Cumulative received daily solar radiation in DCZs of irrigated barley harvested

areas
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Fig. 5. Potential yield (kg.ha!) in the Reference weather stations (RWSs) of irrigated harvested areas (the
name of the RWSs which were identified as a No. in the map, is located in table (3).
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Fig. 6- Relationship between Potential yield values and mean annual growth degree day °C (GDD) (a); average of growth
length period (b) and cumulative received daily solar radiation (MJ.m.day) in DCZs of cultivated barley of Iran
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Fig. 7- Relationship between average potential yield values, growing season (day) and cumulative received daily solar
radiation (MJ.m?.day) in DCZs of cultivated irrigated barley of Iran
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identified as a No. in the map, is located in table (3)
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Introduction

Barley (Hordeum vulgare L.) is considered as the second most important grain crop after wheat, due to 1.75
million hectares harvested areas and 3.2 million tons’ production in Iran. The irrigated fields are contributed up
to 45% of total barley harvested areas (equivalent to 1.7 million ha) and 70% of total barley production
(equivalent to 2.2 million tons). Based on the statistics reported in recent years, about 2.5 million tons of barley
imported from other countries. According to the impossibility of extending the barley cultivated areas and even
the necessity of reducing fields in some parts of the country, increasing productivity per unit area of cultivated
lands is recognized as the only practical way to boost the production of barley in Iran. In this regard, this study
was conducted to estimate barley yield gap (Y,) and the potential of increasing barley production in irrigated
condition as the first step to promote the yield and production of barley over the country.

Materials and Methods

Firstly, the main production zones of barley are determined; the zones which were contributed in more than
85% of barley production. The Designated climatic zones (DCZs) were identified using GYGA climatic zones
(Global Yield Gap Atlas) and the distribution of barley harvested area raster layers. Subsequently, the Reference
weather Stations (RWSs) within the DCZs were selected based on the values of the harvested area, and the types
of soil in each of RWSs were determined by using of HC-27 soil map. SSM-iCrop2 as a crop simulation model
has been employed to estimate the potential yield (Y,) in the RWSs of cultivated areas, which has previously
been parameterized and evaluated, and the results have indicated the robustness of the model for simulating
barley yield over the country. For estimating Yy, the data of actual yield (Y,) and the agronomic management
data for estimating Y, during 15 growing seasons (2000-2014), were collected at RWSs scale. Using A bottom-
up approach, the yield, and production gap values were calculated at RWSs and subsequently aggregated to
DCZs and finally, extended from DCZ to country-level according to the spatial distribution of crop area and
climate zones.

Results and Discussion

Based on GYGA protocol, 48 RWSs within 12 DCZs of irrigated barley harvested areas were demonstrated.
Aggregation from the RWSs results to DCZs illustrated that the average of potential yield in DCZs of irrigated
barley was estimated 7090 kg.ha! and the range varied from 5283 to 8286 kg.ha'!. Nevertheless, the Y, range in
these climate zones was calculated between 1406 and 3723 with an average of 3009 kg.ha!. According to the
results, the DCZs which confronted to higher temperatures during the growing season have lower yields and also
a significant reverse correlation between the potential yield and the growth length period (R? = 0.88 and p <0.01)
were shown. The correlation between total received daily solar radiation during the growing and Y}, in the DCZs
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was significant, positively season (R? = 0.98 and p <0.01). At present, the range of difference between actual and
potential yield varies between 3237 to 4697 kg.ha! with an average of 4081 kg.ha'! (equivalent to 58% yield
gap). In other words, just around 24 to 50 percent (on an average of 42 percent) of estimated Y, in irrigated
barley fields can be attainable. According to the irrigated barley harvested areas, the actual and potential
production gap are calculated about 2.21 and 2.99 million tons in the country, respectively, and under the best
management condition can lead the production to be about 4.17 million tons.
Conclusion

According to the results, it was demonstrated about 58% relative yield gap between the averages of actual
yield (3008 kg.ha') and potential yield (7090 kg.ha'!), which can be reduced by improving the production
management in irrigated barley cultivated areas. For this reason, the current production of barley in irrigated
lands can be increased from 2.12 to 4.17 million tons. This increase in production (1.96 million tons) could
provide a significant part of the country's need to the barley and bring the country closer to achieve full self-
sufficiency.

Keywords: Actual yield, Crop simulation model, Global atlas, Potential yield



