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Figure 1- The geographical location of Kamyaran city
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Figure 2- Location of basin, sub-basinsand riversin Kamyaran region
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Table 1- Discharge of riversin each sub-basinsat supplementary irrigation period (m%s)

Wy 85| O13y98 el ob! A
Sub-basin Station April May November December
AB,C )L” 0.7 1.53 0.07 0.16

Biar

E Cude) By 0.97 0.515 0.412 0.256

Ramesht Tunnel
F b Sl 0.88 05 0.14 0.37

Shilan- ab shilan
D ok 1.87 2.93 0.6 0.42

Ghavoshan
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Table 2- Area of landswith slope later than 8 percent in each sub-basin

Ao Colno A oS o b 51 Lo D A 5l S i U (8] S
(Sub-basin) (Area (Km?) (Lands with slopeslessthan 8 (Km?) (Ratio of land with slope of lessthan 8
perecent (%))

A 275.61 125.39 455
B 64.22 15.52 24.2
C 66.14 18.11 27.4
E 303.94 96.52 3175
F 209.38 48.13 23
D 2065.79 1111.26 53.79

INT 266.35 49.55 18.6
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Table 3- Wheat and barley yield (kg/ha) under the different supplementary irrigation (Tavakoli et al. 2010)

Jpamo | SMGM L sesll o sllek o,
Crop Plantingirrigation Springirrigation Bothirrigation Rainfed
75 (mm) 50 (mm) 125 (mm)
pS 2430 2560 2770 1180
Wheat
¥ 2630 2940 2630 1340
Barley
Table 4- Kamyaran Monthly raifall in 2008-2009
slo g ol 53 ) O Nl (39,8 Calgusd,l a5
Month October November December January February March April May June
(Feke) SNk e g7 82.3 351 293 561 658 892 126 21

Total rainfall(mm)
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Table 5- Agricultural service costs for wheat in Kurdistan province (10 rials) (Statistical Center of Iran, 2014)

CCi ,bsa aaly > Coli svasy s
Fixed costs per hectare

2y e 3L o3 Lo]
. owjolel S L s e A, cw; cw  cli
management ) PXY) Cwnls Cunld Cowld g
Land “fj Seed Planting Keeping Harvesting
Renting Land
Preparing
22 162179 78115 146244 190135 48158 117868 103613 O 0
Rainfed
_°)L°"'_ dfl’ﬁ'_ 162179 78115 146244 190135 48158 117868 103613 7 12000
Spring irrigation
°"”b _‘5’_[”"_ 162179 78115 146244 190135 48158 117868 103613 7 12000
Planting irrigation
Sl i 162179 78115 146244 190135 48158 117868 103613 7 24000

Both irrigation

(VoA Egll ol 35 50) (Jby Vo) liws 5 il 53 g (610 (5559LdS Coloss (5o &ly 32 T Jgor
Table 6- Agricultural service costs for barley in Kurdistan province (10 rials) (Statistical Center of Iran, 2014)

CCj ,lsa asly 43 coli sbvasy 3
Fixed costs per hectare

PPURYS 3L 03]
e OM0) b)‘?, 5/ : s " o . & CW' cw Cl
management ) PxY Cwls cuah Cdld o
Lan_d - Seed Planting Keeping Harvesting
Renting Land
Preparing
w2 160364 70000 110422 180033 33882 124989 102423 O 0
Rainfed
,°’L°ﬁ, “5,’["’", 160364 70000 110422 180033 33882 124989 102423 7 12000
Spring irrigation
°’”b _‘”_L"J'l_ 160364 70000 110422 180033 33882 124989 102423 7 12000
Planting irrigation
Sl i

o 160364 70000 110422 180033 33882 124989 102423 7 24000
Both irrigation
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Table7- optimum area in each sub-basin under different supplementary irrigation managements

(SU5R) Adgn 5 2 )3 CulS 125 g gban

- b
Jgpame Skl Co e viedd  Theareaunder cultivation in each sub-basin (ha)
Cro Irrigation M anagement
P 9 9 (Kgha) Aspsc E F D INT
2> 1180 2096 0 0 60935.8 0
Rainfed
e LP"'. o k] . 2560 1223.4 3463 0 5266.95 0
- Spring irrigation
f 03wl L;"
S Sow 2430 8000 377534 914 1714176 0
Wheat Planting irrigation
&bl
Both irrigation 2770 0 2695.7 0 3716.25
> 1340 3773 881.28 0 277815 0
Rainfed
ol kel 2040 0 0 0 0
s Spring irrigation
Barley b sl 2630 1531.46 1203.25 0 1238.75
Autumn irrigation
bl i 2630 0 0 0 0
Pair irrigation
gy 15092 9651 4813 111126 4955
Total

A5 INT g F dses 5 50 o £V E lodses ) 0 (il
Jds el oags jolp pod CuiS L e ad s 5 duds 40 g Juod
Lo dgs ) ady & Cons D adgs 50 Jgae b Jul38l
ol (ol ol el il dipy Jdo lawgi pd cutS” Ol
Codgdze g D dbgs iy (ol ol ol bl ) cle
(VW) 4538 cldlas odel Conds gl 1l 3 a8b o ol mlio
ol ploul s S dilBag) asgs CandVl 3 oS ol o3l s

A Copde pd Laasss 1y o e cuiS ) gskaw b

1y 3l Jmols Al 29w 5 Y gao 5 Slos (eSS (5)l)
a2y bl o et (0 CulS) (s S o 4 S ]
4 S (oS5 )l L) PS5 Juasme 381 o (1) U3
INT gD F E A+B+C slad g 1) ) qamd (sl CulS
(F) JSis il 0390 WWF YA OVE MY AV L il e sa

o=l ey o L 1y 0 S A Cund g Jaae JST il 58]


www.SID.ir

1FAF g9 50 — 010 g0 ¥ oylods YY) Al (S gl as s VoA

b o byl 53 ol ol 5l sl o 3,0 eSS (gl
Ol )l 9 (SH)k ggerme bawgi e Cupde y3 g b Sl
Jlesl a8 555 0 oanline () 5 () sl S & da g5 b .ol 0
a5 Blgion ecsiloaingy Jao dlotey oll 2 o)l oo
s VFIA cyian s S 01y g g paS Jpame gl o

A ili8l sy FF/A

B oloae il )3

140000 -
120000
100000
80000
60000
40000
20000

0

(o) 2, es

Yield (ton)

A+B+C E

P Ao WIV g VIV i an ) 5 g paS 5 g (eSS

ol 0aly il 8l w3 4o )3 VAY 9 VEIF 5 oliile S

5 Gl 5> lim b (eSS )] e Jlos] cplple
D 51> &Y gae

ool 2 Gl ol oo Elgl o iy 43S Ol Lo

9 sl Sl oot aLs 10,5 S Ol oyg0 00 RS L

Copte Jlosh jlan g S daadg> o ples )3 92 g puS Jgae

Bl aig 5law

Before Optimization  After Optimization

Ady> 2§
Sub-basin

Wog g1 j g2 3D eNE Jomasmo g duw o Y S
Figure 3- Comparison of wheat production in each sub-basin

B ool age i A3

Before Optimization

40000 -
35000
30000
25000
20000
15000
10000
5000

(cr) 2Sdes

Yield (ton)

A+B+C E

R 5l diga S dn
After Optimization

adg> 1

Sub-basin

Wog 15 g 3D 93 Jgmasme Mg dmnlio —€ S
Figure 4- Comparison of barley production in each sub-basin


www.SID.ir

Vil s 9o g puS £yl (oSS 6kl (610 O dite amass

Bl die )l S
0.5 - Before Optimization

Water productivity (kg/im”3)

(cSo y20 3 )5 obS) il (659 0p02

A+B+C E

Rl dige jlan
After Optimization

F D INT
ddg>

Sub-basin

Wogn p1j 2 > ExS Jgame gy O (5590 4 dummilio 0SS
Figure 5- Comparison of wheat water productivity in each sub-basin

B glode ) 8
0.6 Before Optimization

<l 5900

Water productivity (kg/m"3)

(o 20 prp)5 ok

A+B+C E

Bl dige il
After Optimization

_F D INT
Lo 5

Sub-basin

Wy p1j A o Jyasee Slp Ol (59 000 dunslie -1 S
Figure 6- Comparison of barley water productivity in each sub-basin

ol & an g Jsmamme 3, Slae Ol ()9 0500 I3l 0 (3L
Cupds 4y Cuud ¢ Jomams S | Jols alld dgw i3]
39 il 58l (598 o al )3 sl dnlgd (w3 ol e
Sl lio L (eSS ()l oo b s () 0 155 5 Lalls
04 iyl3S 55 pgid Cudd g 43S ddgs CundYl jd gixe
o=l g3 alBog w5 Adgr dnes B il cde (V0 5 YY) ol
adlhio glaaliogy cuslio (o0 @tddS Glallas b wld > ddlles
e g 3mly Jmad ) pogad 4o (keSS ()l camlio loj 5

Il 03 4 390 oo 0aaliie (A) 5 (V) LSS & 4295 L

pAS S (lp (eSS (o)l slac pta Jlos! I ol 29
Yoo Uyl iy INT gD F E A+B+C claasss
dg> pa) 50 5 CiS (gl g 039 Aoy YVE 5 50 VD FYY
039 doyd YE+ 5 YF+ A0V Uy 1y iy INT o F E (cla
9 PS5 A5 ggecme GIEI(1) JSb 4 colis b prizman ]
Eoomo iuli 8l g uoyd Vo0 5 VD Cuipay wdes S )0 oo
dode Cupdo (oplply Cuwl 0dg o> AD g g pAS A Do
w50 0 55 Gl ploj 55 a5 el Sl bl 5


www.SID.ir

1FAF g9 50 — 010 yo ¥ oyleds M)l (S gl s Y e

(o) ool 350
Net benefit (toman)

(ohes?) oIl 3900
Net benefit (toman)

250

200

150

100

50

Fig

B giloage il )3 il aieg jlam

Before Optimization After Optimization

1.2E+11

1E+11

S8E+10

6E+10

4E+10

2E+10

0
A+B+C E F D INT
Ady> 325
Sub-basin
o9 2 B yd S Jgasee (Al dgu duglie Y IS
Figure 7- Comparison of wheat net benefit in each sub-basin

B ool anag jl 5 B gl anng jlam
Before Optimization After Optimization

2E+10
1.6e+10
1.2E+10
8E+09
4E+09

0

A+B+C E F D INT
adg> )
Sub-basin

Qo 13 R 40 9 Jgasw (AB dew duylio —A S0
Figure 8- Comparison of barley net benefit in each sub-basin

000 - B il a1 A5 B g3l ag 1 an
Before Optimization After Optimization
000 -
000
000 -
000 % g
'}_}'}_}'}
0 T T

(o oS 2l (A o s (Shss ipsled) g2 3 228 ol 390
Wheat production (torj ~ Barley production (ton j  Net benefit of wheat and
barley (milion tomansj

ailaio ;5 39w 9 Mgi Egome Al -4 JSW
ure 9- Comparison of thetotal production and net benefit in the region


www.SID.ir

VIV w92 9 o0 &)l (oS 55l (610 O di amasii

s F E lada sy 15 50 w0 Bl culS & Cond 95 g
GxS IS 4 b og aale 1o AF A8 SV L ply cui s INT
A D5 gaoome AVAY-AY _cly; Sl 50 0o 09 (]
L ccwl ool flisly Ll o pd A g 5 puS culS o>
aS 39y oo yLban] o sl eSS o)l o pte Jlesl
4 e g pAS Jpasmo 93 slp ade IS )3 Ol (69 oy I3
g0 uT )9 0y wb.ﬁ‘ ..\_wl.» Aoy ¥¥/0 SV\C/A NV
4 g ol plie Cudgiome 4 dngi b coles 13.03,5 o paw S5g
Ol yed 3 ol Bpao QIS g 52 g paS 3 Slos (l38l jolais

A5 (8 S o
ablio (glp md ool)) Copie il Gla JluSis 4 4o b
Sg 5 3y Shos (uliil adlas () sl (5)905 il SRR
Aoles oo 0l (eSS (65lol copio (il b (Jgamo (alls
Qo Yo huwgio jgb 4 a5 WS asuie odel Conds gl wll
il (hlealS” Gl o sbadgx oy cuiS o S
FEDCBA cladogy )y in Sy |y oS5 (5)l]
5 YAV AF0Y MIIIYE AAYY AAY VOV e pay INT 4

Ca e D50d (oSS )l Bl e 1y (231 1S FR00

o5y Solel 9 paS ojl 9 o)l )l INT g F E (sl asg>

y S g @S 05l g 0)lag ()l D s 35

)j] ol 039 H)ng.ﬁf J9.~a.’>m 92 u.L.oSu LS)L"’] )915.1.9
o=l s g 4y CliS pja o Al peS i (4l oS
A Cud paSS Joame igl38l ol ob 48,5 IS 4 sudns
INT 4D F EA+B+C clad s 105 10 ood Blleo cuis

L) 0l JLQM' LS}L"

&l

1. AsanaR.D. 1962. Analysis of drought resistance in wheat. Arid Zone Research. 16:183-190.

2. Babazadeh H., Shahrokhi F., Manshoori M., and Davoodi F. 2011. The effect of supplemental irrigation on yield
and rainfed wheat yield components of Abhar, Zanjan Province. Journal of Water Resources. The fourth year. 75-
83. (in Persian with English abstract)

3. Cdiandro A., and Boari F. 1992. Supplementary irrigation in arid and semi-arid regions. In: International
conference on supplementary irrigation and drought water management. Bari. Italy.

4. Engineering Advisory company (Abrah Gostar Tadbir). 2014. Studies to determine the privacy and riverbed in
organizing of Kamyaran river. (in Persian with English abstract)

5. Economic and Social Commission for Western Asia (ESCWA) and the International Center for Agricultural
Research in the Dry Areas (ICARDA). 2003. Enhancing agricultural productivity through on-farm water use
efficiency: An empirical case study of water production in Irag. United Nation. New Y ork. PP. 34.

6. GhamarniaH., Farmanifard M., and Sasani, SH. 2012. Review of supplemental irrigation effect on yield and water
use efficiency in three new varieties of wheat. Journal of irrigation and water management. Volume 2. (2). 69-83
p. (in Persian with English abstract)

7. HarrisH.C. 1991. Implications of climate variability. In: Harris, H.C., Cooper, P.J.M. and Pala, M. Soil and Crop
Management for Improved Water Use Efficiency in rainfed areas. Proceedings of an International Workshop,
Ankara, Turkey, 1989, ICARDA, Alepo, Syria, 352 p.

8. Hamze J, and Seyyedi M. 2013. The reaction yield and barley varieties yield with supplemental irrigation in
rainfed conditions. Journal of agricultural science and sustainable production. Volume 23. No 4.160-168 p. (in
Persian with English abstract)

9. Kocheki A. 1996. Agronomy in arid region. Jahad Daneshgahi press. Mashhad, Iran. (in Persian with English
abstract

10. Mohamanadi M. 1999. The fina report of agronomic traits correlated with grain yield in rainfed condition,
Agricultural Research Center of Kohgiluyeh and Boyer-Ahmad. No 77.232. 11p. (In Persian with English abstract)

11.

Moloodi A., Moradi H., Hamedi F., and Mohammadi, M. 2014. Instructions and issued programs to increase
production of autumn crops. Agriculture management. Agricultural Organization of Kurdistan. (in Persian with
English abstract)


www.SID.ir

1FAF g9 50 — 010 30 ¥ oyleds M)l (S gl s YVY

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Oweis T.M., Paa M., and Ryan J. 1998. Stabilizing rainfed wheat yield with supplemental irrigation and
nitrogen in a Mediterranean climate. Agronomy. 90: 672-681.

Ramezani Etedali H., Liaghat A., Parsingihad M., Tavakkoli A.R., Bozorg haddad O., and Ramezani Etedali
M. 2012. Water alocation optimization for supplementary irrigation in rainfed lands to increase total income case
study: Upstream Karkheh river basin. JIrrig Drain. 62(1), 74-83.

Ramezani Etedali H., 2013. Development of an optimization model for water allocation in irrigated and rainfed
lands to increase economical productivity. The degree of ph.D in irrigation and drainage engineering. Irrigation
and reclamation engineering department. Faculty of agricultural engineering and technology. University of
Tehran.

Ramezani Etedali H., Liaghat A., Parsingihad M., Tavakkoli A.R., and Ababaei, B. 2015. The finding potential
of rainfed lands, and optimum allocation of water between irrigated and rainfed lands (case study: Qazvin Plain),
Iranian Soil and Water Research, 45( 2): 177-186.

Roostaei M., Sadegzadeh D., Hasanpour-Hosni M., Zadhasan |., Rezael R., Edami R., Abdias G., Soleimani K.,
Roohi I., Sanjari A., Hesami A., Nadermahmodi K., Haghparast R., Aghaee M., Ahmadi M.M., Daryei A., Afshari
F., Torabi M., Dehghan M., and Mardokhi V. 2013. Tak-Ab, a new winter bread wheat cultivar for supplementary
irrigation conditions in cold dryland areas of Iran. Research Achievements for Field and Horticulture Crops 2(3):
177-186. (in Persian with English abstract).

Sales prices of products and the cost of agricultural services in rural areas. 2014. Statistical Center of Iran. (in
Persian with English abstract).

Statistics of farming crops, Ministry of Agriculture, Deputy of Planning, Economy and International, Office of
Statistics and Information Technology, Vol. 1, 2009-2010 crop year.

Tavakkoli A.R., Belson V., Razavi R., and Feri F. 2004. Reaction of wheat compared to different levels of
supplemental irrigation and nitrogen, the final report of rainfed Research Institute, No. 315/82, 114 p.

Tavakkoli A.R. 2010. Improvement of water productivity by conjunctive management of limited irrigation and
advanced agronomic practicesin rainfed cereals farming areas. PhD Thesis. University of Tehran, Iran. (in Persian
with English abstract).

Zonnoorian H,. Mahdingihadiani B., and Bayazidi M. 2011. Review of supplementary irrigation effect by sprinkler
irrigation systems on rainfed wheat varieties. Quarterly Journal of Plant and Ecosystem. The seventh year. No 26.
15-31. (in Persian with English abstract).


www.SID.ir

Journal of Water and Sail ($3,9UaS @luo g pole) SIS g Of 4 s
Vol. 30, No. 3, Jul.-Agu. 2017, p. 701-714 ity VOlVIE o YRS yas saus— 015 o ¥ olads Ve s

Optimum Water Allocation for Supplementary Irrigation in Wheat and Barley
Farmsin the Sub-Basins of KamyaranRegion

R. Saeidi’- H. Ramezani Etedali® A. Samadi®- A. R. Tavakoli*
Received: 04-05-2016
Accepted: 25-12-2016

Introduction: Rainfed agriculture plays an important role in food production. In Iran, 6 million hectares of
cultivated landsare rainfed. Moreover, about10% of raw agricultural products are being produced by rainfed
agriculture. Yields of rainfed fields are decreased due to drought in recent yearsin Iran. Supplementary irrigation
is a suitable management to improve and enhance the yield of rainfed agriculture. Determination of appropriate
time of supplementary irrigation is necessary in each region. But water allocation for this practice is the main
challenge, because water resources are restricted. Therefore, water allocation management between irrigated and
rainfedfields could be a viable strategy. Water resources for supplementary irrigation in rainfed fields are saved
through deficit irrigation in irrigated lands or from rivers. The purpose of this study is optimum water allocation
for supplementary irrigation in wheat and barley farms from rivers to around rainfed fields in Kamyaran region.
In this study, supplementary irrigation is considered in three management methods of autumn irrigation, spring
irrigation and both of them.

Materials and M ethods. Kamyaran is located in Kurdistan province in west of Iran. The area of rainfed field
isvery vast in this region. Usually, rainfed fields are located in high slop lands and far from water resources in
Kamyaran region. Supplementary irrigation is possible in rainfed fields around to water resources and with slope
of less than 8%. The area of sub-basins with appropriate situations in Kamyaran region was calculated by
geographic information system (GIS). Ratio of wheat to barley in rainfed fields is 3 to 1. Rivers in each sub-
basin is the only water resources for supplementary irrigation in Kamyarn region. In this study, the objective
function is maximizing net benefit. Also, constraints are total available water volumes in rivers at supplementary
irrigations times and rainfed fields with appropriate situation for supplementary irrigation. Decision variable is
rainfed area with different irrigation managements (autumn supplementary irrigation, spring supplementary
irrigation, autumn+spring supplementary irrigations and rainfed managements). The total costs and income of
agricultural production are found in statistical books of agriculture jihad in 2008-2009 growing season.

Results and Discussion: The lands around of rivers with suitable slope are about 30% of rainfed land of
Kamyaran. The appropriate rainfed fields in sub-basins of A, B, C, D, E, F and INT were 125.39, 15.52, 18.11,
1111.26, 96.51, 48.13 and 49.55 Km? respectively. The results of Optimization model showed the
supplementary irrigation managements are different in each sub-basin because of different discharge of river in
each sub-basin in different months. The optimal supplementary irrigation management for barley rainfed fieldsis
autumnsupplementary irrigation. The yields of barley rainfed fields increase about 90% by autumn
supplementary irrigation. The optimal supplementary irrigation managements for wheat are different in each
sub-basin, but autumn+spring supplementary irrigations is best managed if water resources will be enough in
each sub-basin. Due to restriction of water in rivers at supplementary irrigation time, some of wheat and barley
fields remain rainfed in A+B+C and D sub-basin. The results showed minimum and maximum increase of wheat
production in D and INT sub-basins are 29 and 134%, respectively. Also production increasing are 87, 112 and
126% in A+B+C, E and F, respectively. Increasing of barley production in the sub-basins of E, F and INT, are
61, 96 and 96%, respectively. Other sub-basins of A+B+C and D remained in rainfed farming. Net benefit
increase about 65 and 275% for wheat and barley fields respectively, in 2014. Water productivity in all sub-
basins for both wheat and barley is 74.8 and 44.5%, respectively.

Conclusions: This study showed supplementary irrigation management increased the yield and net benefit in
rainfed fields of Kamyaran sub-basins. Resultsshowed about 30% of rainfed land of Kamyaran, are suitable for
supplementary irrigation. The results of optimization models showed total increase of wheat production in
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A+B+C,E, F, D and INT sub-basins are 87, 112, 126, 29, 134%, respectively. Also increase of barley production
in the sub-basins of E, F and INT, are 61, 96 and 96%, respectively. The result showed production increase about
double in Kamayaran region. Also, net benefit increase about 65 and 275% in wheat and barley fields
respectively.lt has been suggested in A, B, C sub-basin, autumn supplementary irrigation of wheat, in E, F and
INT sub-basins, autumn and spring supplementary irrigation for wheat and autumn supplementary irrigation for
barley and in D sub-basin, autumn and spring supplementary irrigation for wheat.

Keywords: Kamyaran, Net benefit, Optimization, Supplementary Irrigation.
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