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Background and Objectives: Following wheat, barley is the second most
important cereal grain in Iran and plays an important role in livestock and
poultry nutrition. To feed the growing population, cereal production should
be increased noticeably in the coming years. One of the ways to increase
production is to reduce the existing yield gap. Considering the average
yield of about 3 t ha™ in the country and the existence of a large gap
compared to the exploitable yield, this study was conducted to identify and
quantify some of the factors affecting irrigated barley yield in the major
barley-growing areas of Iran.

Materials and Methods: In this study, the APSIM model was employed to
simulate exploitable, water-limited, sowing date-limited, and cultivar-
limited yields. The data required for running the model included the long-
term weather data (from 1989 to 2019 for 30 years) of the studied areas
obtained from the Iran Meteorological Organization, the soil data which
were extracted from the HC27 soil database, and management data
obtained from some questionnaires filled out by farmers of the study areas.
The main zones of irrigated barley cultivation in the country and the
farmer's actual yield in these areas were determined using the statistics of
the Ministry of Agriculture. Finally, by calculating the types of yield gaps
at different production levels, the impact of limitation in water, sowing
date, and cultivar on yield gap was determined.

Results: The results showed that the exploitable yield gap in the studied
zones was an average of 4.4 t ha, equivalent to 56.4% of the exploitable
yield. The average of water-limited, sowing date-limited, and cultivar-
limited yield gaps were estimated as 1.4, 0.5, and 0.16 t ha™ in the studied
zones, respectively. The other agronomic yield gap with 2.3 t of yield
reduction had the largest share of the exploitable yield gap. The highest
increase in yield due to the change of sowing date was observed in
Kabudarahang (8%) and the lowest one was simulated in Sabzevar (3%).
The simulation results showed that three times more irrigation in Arak,
Kabudarahang, and Hamedan and two times more in other studied zones is
necessary to fill the water-limited yield gap. Cultivar-limited yield gap was
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observed only in three locations of Shiraz, Marvdasht, and Sabzevar
(on average, 3.6% of exploitable yield gap). This type of yield gap could be
compensated by replacing the Bahman cultivar with Reyhan.

Conclusion: Our results approved that the exploitable yield gap in the
studied areas varied from 3.9 to 5 t ha™. About 32% of the exploitable yield
gap in the studied zones was due to the water-limited yield gap and around
11% of the yield gap was owing to the sowing date-limited yield gap.
Cultivar-limited yield gap also had the lowest share of the exploitable
yield gap with 3.6%. The greater proportion of the exploitable yield gap
(around 53%) was owing to other limiting and reducing factors such as
pests, diseases, weeds, soil salinity, soil compaction, improper nutrition,
unfavorable density, and other socio-economic factors. The results of this
study showed that with a slight change in the sowing date, increasing the
number of irrigation and improving irrigation management, and using
appropriate cultivars, a significant increase in barley yield is achievable in
the studied locations and close the yield gap to the self-sufficiency level in
barley production in Iran.
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yield gap caused by some agronomic factors in some of the major climatic zones of
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Fig. 1. Zoning of the main climatic zones of irrigated barley in Iran (19).
The present study was conducted in zones 4102, 4103, 5002, 5003, and 6002. For more information about the characteristics
of each zone, refer to Table 1. The numbers inside the map indicate the meteorological stations in the zones.

andlan 5,40 slaaig S g o8l (oLl g Ol -\ Jyue
Table 1. Geographical, climatic and soil characteristics of the studied zones.

3

& s 4 - 3 =

o~ > < 0O . < \ < . 5]

4 g = g 2% PE hE ¥oog

s < 15 j =] - 4 2

- g - - 3 9, 8 g 3 8 4, % 2
v g % 3 . A5 378 3 g ) 1y 23
% 3 3 12 3 & . 8 D d= 35 7 32 83
54 D » = S & N B o BE ) 58 g 2 < £°
3 & 7 2 T %A T2 2 zE 328 Y iE 39 S5
L R V= 22 LE owgE 3 = ] 3538
= W98 Z A £ N g e R

o S o . < o = s 3 & 3 &- < x =

U o = ) v, > AR =1 3 8

T = £ 5 e 2 = ? g °

<8 e © < § 218 o 8 hoo2

Ex § - g - =

£ E

5 8.35553.383  0.389 50.2696 4829 153792 171 307 115 27223 4102

5 > 8.356 0.389350.2696 4829 53792 171 310 10.9 43060 4103

14,8 8.355 6 3.383 0.2695 0 5949 4830 149 273 16 71515 5002

17,8,5 >8.356 0.2695 0 5949 1 4830 156 228 16.8 160023 5003

5 8.355 1 3.383 0.2695 50 7111 & 5950 171 329 18.0 42465 6002

u.e}Li:v sl 0 dgslma 3 S Sl 4 s Jho b gl bl 5 les b!}v Bpd g VS s ag e s andlhe s 5e bl salis Lg\j‘
Yo piea ot Sl 1) Sl (slas Lausie 31 lale sles e Sl e 6l i el Sl (Sl o b i (S
N8 S S e Bl Yo Gas (oS (S kol sy S A SIS e 5l 1Yo Gas oo (¢l oy S 0 St 87 (S as) o

(V) g 31435 ) ia LoV Te Gos (oS (S kool (o ) S12 IV Lt S ¢ 0 S VY Gos e gin (gl ¢ o) S
! Refer to Fig 1 to see the studied areas in each zone. > Growing Degree Days is calculated according to the base
temperature of 0 °C. * The aridity index is the ratio of annual rainfall to annual potential evaporation. * Standard
deviations of the monthly temperature compared to the average annual temperature (20). ° Soil code 5: clay soil,

medium fertility, depth 120 cm; soil code 8: clay soil, low fertility, depth 120 cm; soil code 14: loamy soil, medium
fertility, depth 120 cm; soil code 17: loamy soil, low fertility, depth 120 cm (21)

ey



V€Y & D)Loa:} &Y 093 ALS Wi s pidg 5 g i

350 0dd LSS Ol,5LaS Law g &S olaael s
Sble 3 giuslis Sliass Slhe Sl e
o5 g5 Jold Laesls ()l el sty andlas 5 50
Wil gy oS 0l 5lS b eslinal 5 5
5 (olel e 5 Ol cils p 5 csls &b
e bl Ll g el eslinal glas S Slde
2 oodhe b i Sl edel s Sl g
w3 S b 3 APSIM Jie (33,5 Olsea 450yl
soslaral 5o 5 Shee M Lot 5 s 5o S
R

S adlas 3y bl St slaaatls o,
adlas ;3 oS As sl HC2T7 Sl Ly, al&
Cilie Gbla g1, (VoY) OLan 5 iltug
Db 428 53 () Gl o 033 et Ol
Jdbe 3L 5,5 8 S Lol ulil e HC27
Sl =l bl » (LL', DUL', SAT") Wit
ot S T S e Aty a1
3 Dy g S & YWl Eyame 53 350 03)
adllas 5,0 ble o S ¢ Sl L HC27
O dods) cils 59
G oskes 1 Shes N (Gluand gla gl
cadllas 3550 lang 5 3 Shes M LS
5 5 She Lt il e s s S
&b 5 Shas O3 gdome of 5 Se cid)‘bﬁeﬁ{
Je b g Y5 g dos o s 8ks s o 2ES
sl 3 See 4 by glaesly s (g5laan
Sooslis Sl Dsliy Sl g etk Olsls
il glas Shas 31 G a 25 3 S 4

ol e 43\)\ Y d_}.\} BEl ol

1- Lower Limit

2- Drained Upper Limit

3- Saturated

4- Exploitable yield

5- Water-limited yield

6- Sowing date-limited yield
7- Cultivar-limited yield

V€€

Fasn ol Gl slos APSIM Jus (5,555 4
3,80, 5sbwa APSIM-Barley Jue 5l eslicad
2l s e, JB o Sles (ol 3 Shes
Jbe ol il o e il th..e 0 s Shas
5 el 5538 a3 Gl Gl il 3 i
SHlotrd Sl 3B w5 ekl e sle]
wils 55dS e lag 3l s o 5 Ses 5 A
0 Sbem et 4l Jde cpl (YY) ol
Sk sl ilwand Gl ($305LES Slagts
Sladyl b 5 5550 e Ok 5wl LS
055 0 s (S s OF oM e 3l aleses
355 e Jalse B 5 (Ghle b Sb i
(YY) &S o s3loand S50 5 slad] b 1,
Slwand wlisy Sose 4 g 5 Ady Je (pl s
Los) 13 5 Of aher 5l il Jalse 4y 5 353 00
Pl (Sb 0355 5 o) Sl (Gt (S
DL el o5 oS e SOl 5 il
..,\A.SL;a
Lo o S8hs 5 s 5 ) oloand ¢l
sl by glaesls 5oyl el 5l estizal
sleesls (S35 ol b)) alS slaesls dsa
LS glaaastls w by o slaesls 5 u e
5 ool QYY) Cuedds glaosls il
(Jole & s sl 5a8 sl olsle 5l ole
sy ol sl 5 Sl des Plus 5 Sl
o (Y8) w;ﬂij doles 3l eslinad L ol olela
Jde 53 eslizal LB G was LS s, el
s b e Sl S5 el il
sble )5 ol Jb 55 &S (2 Sk 5 Ol page)
D il e 31 55 5528 il
@3l glaesls sl (dde enly sl W
O il Lyl b cos &S slas)ze sla bl
g Shnde Glae gl (mizes 5 S alss
3 ede laesls ol eslinal Ls g el fb‘h.’\



Oy g sonsy Lo osms [ wr Jolge 5yt 1 ol 3,500k M 33,5 3

Jde b g sddgiluans sbas Shes gl =Y Jgd>

Table 2. Different types of yield simulated by the model.
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Fig. 2. Different simulated yield gaps due to limitation of agronomic factors.
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Fig. 4. Simulated yields at different production levels and farmer's actual yield (avaraged across the
five studied zones and 30 years).
The error bars on each bar chart show the variance between years and climatic zones.



Oy g sonsy Lo osms [ wr Jolge 5yt 1 ol 3,500k M 33,5 3

o) 51 eslazal pie AnY wg oo plaag o
23,5 Sl B 3 Shee (1Al ol s
Sleag 53 Ol Al 5 Ses iaen ol
£ Lo Y g 5o e 55 o5 Y/ Sl adlas 5,40
3 Ve SKle LNy wg s S s oS
s Shee o Sile b (goles ST o 30 kel
(X Jsd) 2,ls GLKa s 5 VIA) (615 e 0 1B
0 Olslas 8l s Ses a5 B ol
Ll Opred  (Sodae LY il glawg

Sl glie 1 sl L;ueﬁ.zjcj;:ﬂ o]

Sbag o 5o ol o) s Shes :Sls

oS Ol s 3 VIV s pu L aallas o) e
2 S Gosk 4l ol e e LB s See L
s 8ee L IR ANNIR AR N TR
5,8k b Ol o 5 e 5 SIS (615 e e WG
g o LSe35 /8 Olge a4 ols e e BB
g AL L s cla el LS atalie e e Y
2 S el alge 51 SSVL s Sae il U
S50 el Esl e 3lpe Cyls, LS
o1 ol 4 Ol3p5LiS o ablis s 5L e o sllas

Ll e SYL s Sae 201531 sl Lyls pw 2es

(JL’-{A/UA') anlae 3,90 A @t Y j)‘gL:S 6.05[9 éjﬁaﬁ 9 AM‘_;}LAA._-.»:: ‘5‘.&:)&5—"' JJJ}
Table 3. Simulated and farmer's actual yields in the five studied zones (t ha™).
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Fig. 5. Calculated yield gaps in the studied zones (t ha™).
Refer to Table 1 and Figure 1 for more information about the zones. The cross symbol in the box plot
indicates the average.
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Table 4. Filling the sowing date-limited yield gap in different location of the five studied zones.
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** Optimal sowing date at each location was obtained through simulating different sowing dates (6 to 20 days earlier and 6

to 20 days later than the conventional sowing dates)
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Table 5. Filling the water-limited yield gap in different zones and the corresponding study locations.
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* Number of irrigation applied by the farmers
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** The optimal amount of irrigation at each location was determined based on simulation treatments with different irrigation
numbers to fill the yield gap in order to reach the exploitable yield level
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