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Table 1- Analysis of variance for water use productivity of drought-tolerant (Azar2) and drought-susceptible (Gascogne and Sayonce) )
cultivars of wheat under different irrigation levels
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Table 1- Analysis of variance for biological and economical yield of drought-tolerant (Azre2) and drought-susceptible (Gascogne and

Sayonce) cultivars of wheat under different irrigation levels
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ns, * and ** are non-significant and significant at 1% and 5 % probability levels, respectively
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Fig 1. Linear regression for biological and economical yield of drought-tolerant (Azar2) and drought susceptible (Gascogne and Sayonce)

cultivars of wheat under different irrigation levels.
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(Fl is irrigation based on crop water requirement, 75%FI, 50%F| and 25%FI are irrigation based on 75%, 50% and 25% of crop water
requirement in FI treatment, respectively and NI is treatment without irrigation).
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Fig 3. Relationship between cumulative dry matter and Photosynthetically active radiation in Gascogne cultivar under different

irrigation levels. (FI is irrigation based on crop water requirement, 75%FI, 50%F| and 25%F1 are irrigation based on 75%, 50% and
25% of crop water requirement in FI treatment, respectively and NI is treatment without irrigation).

P sl i gy 4yl
WAA Ll g ks (Y o bs) Jol oylois 095 6599



Ya ao,oij,‘sagw‘w)
o 1600 + o 1600 -
by y = 1.8368x - 66.246 b y = 15068 - 28.966
1 1200 R2=0.9281 FI 1 1200 1 R?=0.8397 %75 FI
S I 7
M E 4 M E
35 80 335 800 .
3 s 35
°
K= ] s
ﬁ 400 > q 400 - .
B . . : .
§3 0 ‘ - T T T T T 1 i 0 ; ® ; ; ; ; ,
0 100 200 300 400 500 600 0 100 200 300 400 500 600
Smgid Jlabd Qw(@f‘ﬁ"’ » Jﬂjli‘) cvend (s eledass . A,
Cumulative absorbed PAR (MJ/m?) SFs J (e 2 Jaie)
Cumulative absorbed PAR (MJ/m?)
o 1600 - o 1600 -
@ y = 1. 4848x - 43.806 by -1 )
2% - x y =1.5292x - 31.626
5 1200 - R2=0.9222 %50 FI 1 1200 R’ = 0.9188 %25 F
S~ 5o
3T w0 . I
% ) _% g 800 - [ ]
° s [ J .
. 400 4 [a)
4 Q < g 400
: . O ‘- T T T T T 1 : .
gﬁ 0 100 200 300 400 500 600 0 T T T T T 1
0 100 200 300 400 500 600

Gy Jlad Dlatadi(m e e 2 Js55e)
Cumulative absorbed PAR (MJ/m?)

y = 1.1493x 23.2931
R2=0.9131

Sigid Jad Dlatadi(rye e n Jo35e)
Cumulative absorbed PAR (MJ/m?)

NI

N 1600 -
a

2%

g 1200
e

DE

335 800 -
9

.2

.« [a]

»% 400 -
Lo

0 100

300

400 500 600

Stmgid Jlud Slasaii(gyerte » Js3le)
(Cumulative absorbed PAR (MJ/m?

35 Ol 4 okl FI) (55ll alisen slojlans o V)30 08 50 (onezs (g yimogid Jlad Sladadd 5 (orazd Sis oslo o bLS,I-F IS

€kl 99 Lo NI FL jlas 50 olS T 5L 0o ,0 YO 8¢ YO Glie a0 g5kl s 4 ZYO Fl 70+ FI /YO Fl wlS
Fig 4. Relationship between cumulative dry matter and Photosynthetically active radiation in Azar 2 cultivar under different irrigation
levels.( Fl is irrigation based on crop water requirement, 75%FI, 50%FI and 25%F1 are irrigation based on 75%, 50% and 25% of crop
water requirement in FI treatment, respectively and NI is treatment without irrigation).

P sl i gy 4yl
WAA Ll g ks (Y obs) Jol o5lois 095 6,99



e ply] 40 435 9 o o (I 0 Klac b )

1600 -
23
K y = 1.7925x - 45.085
V} 1200 | R2 = 0.8308 FI
i T 800 -
3
- ®
™Z a0 - <
%
. ®
Lo,
3 0 100 200 300 400 500 600

(ye 5oy J9550) Gyimgd Jleb lainis
cumulative absorbed PAR (MJ/m?)

1600 -
X y=1.2917x - 35.473
% 1900 R = 0.8904 %50 FI
b
_%) £ 00
3 s *
48
% 400 .
' Y
§g 0 ‘ - T T T T T 1
0 100 200 300 400 500 600

gt Jad Sliadi(yesie 52 J5jl5e)
Cumulative absorbed PAR (MJ/m2)

M&A}oau(eﬁpﬁf )

DM (g/m?)

DM (g/m?)

1600 -
y = 2.229x - 75.592
%75 FI
800 -
[ ]
400 1 °
[ ]
0@

0 100 200 300 400 500 600
Smgid JUed Dladadi(mype e 2 Jo35e)
Cumulative absorbed PAR (MJ/m?)

1600 -
1200 - 7 1?%33:68.);5;;422 %25 FI
800 -
400 -

0

0 100 200 300 400 500 600
Simgtd Jld Sladali(@yeyie 2 J535%)
Cumulative absorbed PAR (MJ/m?)

o 1600 -
< y =1.4227x - 23.616
; 1200 | R2=0.9867 NI
Yo
D E |
5§ 800
3 2
N
q Q400
i 0
0 100 200 300 400 500 600

Gimgd Jld Dletanti(aye e 2 Jo5l5)
Cumulative absorbed PAR (MJ/m?)

FI) )lol calisee slo)loss coss gl 18, 10 (crem8 (5 Fimwgid Jad Sladadd § crems Sid oole o bL3 )1 -0 IS
S Fl Lo 10 olS ST 5L5 00,0 Y0 50+ VO e 4 )bl w5 0 UYOFI 570+ FI YD Fl ol T 505 oliee 4 L]
(k! g sles NI

Fig 5. Relationship between cumulative dry matter and Photosynthetically active radiation in Sayonce cultivar under different
irrigation levels.( Fl is irrigation based on crop water requirement, 75%FI1, 50%FI and 25%FI are irrigation based on 75%,
50% and 25% of crop water requirement in FI treatment, respectively and NI is treatment without irrigation).

P sl i gy 4yl
WAA Ll g ks (Y o bs) Jol oylois 095 6599



)

0000 duw § (o § (ALY G o oo

O Olge g ;o B (Hatfield and Walthal, 2015)
(slyp 0395 Cunn 5 2 &S Wld (o) 9 (298 oo
dlone (595 2 (oots AWl 00 015 o0 )18 o0lial 590
S1.(Siddique et al., 1989) ol aiils ;95 B pae I8
3 olS e ol Silias YL 98 Spas oI5 ax
5 it oole agyi s sl so S osle 4y 5 o
odd Cdo b jlade 4 g0l (S o, Slee Colyd o
5,5 oo (Y2 VA) o, Ken ¢ Valvoa s ls 505 oL lawgs
s,Slke LialS Cdlaze Yo)) b V499 glo Ly oy 45
Ol 1als JLY (nl (b o 02y B pan (o) e
sl 00ls

St 5 golal o Sla al5 & i ol 0aS
58 0ae i 5l anlllae 550 o8]l 55 5 Ol Bpae QLS
38kes e ol SBpan QLI 5 Sl 5 ol
4 sl lis o3 5l gyl gime Dglay SG5elgu 5 (solaidl
ol 5392 Sl wésisde (V53D Joie o8, (S 5
Bl S Susslen 5 oolatdl o Slas Sl sl icisls
oRIB 65 ool Jds &S 3g (Gale 5 (335SlE) (b
Al oy (Sas A ulyd o 8 5 ol Brae I
Wl so o8, Mol raatis wael cws 4 mls
slajlre Glyie 4 1) Ol g 5 Brae LIS slaasls
e 18 laiae  Sas i el o celine o8, Sl
Do V3 Jesite 68, 9,50 )0 zgds 4 a5 (ol

Loy el hlise QLS Gl 595 Srae IS
Sipl Joi&e o lyl a4 Sas oole 0,5 V) ol
s .Qunior et al,, 2015) coul ouls i 0l 5>
St 45 By S 4z 5145 sl ol gum Slalllas
5 e Jelse g w25 g0 J A5 (S5 Jelge 32 0o
JoIo 08y 9 o515 S b ke (o poe Slides
o ) Jole nl w)ls (g 5tmgnd Codlad )0 oS coge B
Jade (Y++9) e o Acreche ass e 5 L5t
Syl Jolie 3 ) puiS pB)l e Sras LIS
Ol S gl o a5 (55 4w )S )15 gline
) Bl b Jpamme (0 s al> o ( alold o )laie
b yod 5w PAR 35 jo lil 4 py8 YNS b /AY
PAR J5sl5e 1o ll 4,5 YIFA B Y/PS SLidl 03,8
o sl 4 pF YAE LYY Sledl eo 5 b oo, asly
p S YNY L IVA Sapw, b SLadl 05,5 5 PAR Jg3lSe
52 PAR Js3l5e sl &
omTwo@@.Lﬁ@pgb}gm&udlp
FI jlos jo lulpd ceal 2l o8 am s 0 a5 0 (asiee
il s asly o xazs Kis sole (oS o)D)
S 50 wu0)F e ool SIS il Coge g <8l
Ngy g ady Jad Jsb o gylel slajles Jlasl L a8
aS cdl gals 30 ,e Brae ol )5 (Sis sole ialS
o2 ogpe ey ()lal 099 ) NI Jles yo (el (]
b Ll p cle @ Wl ooy Span LI Sl
2l o sled b 5 288 dlse 235 0T 250eS alor

P sl i gy 4yl
WAA Ll g ks (Y obs) Jol o5lois 095 6,99



e ply) 10 455 § O Spao ) 0 Klos b ) v

&lw

Acreche, M. M., Bricefio-Félix, G., Sanchez, J. A. M. and Slafer, G. A. 2009. Radiation -interception and use
efficiency as affected by breeding in Mediterranean wheat. Field Crops Research, 110: 91-97.

Ali, M. H. and Talukder, M. S. U. 2008. Increasing water productivity in crop production - A synthesis. Agricultural
Water Management, 95: 1201-1213.

Alizadeh, A. and Kamali, G. H. 2008. Crop Water Requirement in Iran. Astan Ghods Razavi, Mashhad, 228p. (In
Persian).

Allen, R. G., Pereira, L. S., Raes, D. and Smith, M. 1998. Crop evapotranspiration Guidelines for computing crop
water requirements - FAO Irrigation and drainage, 56 p.

Bai, Z., Mao, S., Han, Y., Feng, L., Wang, G. and Yang, B. 2016. Study on light interception and biomass production
of different cotton cultivars. Publish with PLOS ONE, 11(5): 1-17.

Blum, A. 2009. Effective use of water (EUW) and not water-use efficiency (WUE) is the target of crop yield
improvement under drought stress. Field Crops Research, 112, 119-123.

Erickson, J. E., Soikaew, A., Sollenberger, L. E. and Bennett, J. M. 2012. Water Use and Water-Use Efficiency of
Three Perennial Bioenergy Grass Crops in Florida. Agriculture, 2: 325-338.

Hatfield, J. L. and Walthall, C. L. 2015. Meeting Global Food Needs: Realizing the Potential via Genetics x
Environment x Management Interactions. Agronomy Journal, 107 (4): 1215-1226.

Hemayati, S., Kashani, A., Fatallahl-Taleghani, D., Nourmohammadi, G.H. and Siadat, A. 2008. Effect of planting
date, plant density and cultivar on the components of solar radiation in sugar beet a. Solar radiation absorption
and optical absorption coefficient. Sugar Beet Magazine, 24 (1): Page 23-42. (In Persian).

Irmak, S., Allen, R.G. and Whitty, E.B. 2003. Daily grass and alfalfa-reference evapotranspiration estimates and
alfalfa-tograss evapotranspiration ratios in Florida. Journal of Irrigation and Drainage Engineering, 129(5): 360-
370.

Junior, R. A. F., Souza, J. L. D., Lyra, G. B., Escobedo, J. F. and Santos, M. V. C. 2015. Energy conversion efficiency
in sugarcane under two row spacing in northeast of Brazil. Revista Brasileira de Engenharia Agricola e
Ambiental, 19 (8): 741-747.

Katerji, N., Mastrorilli, M. and Rana, G. 2008. Water use efficiency of crops cultivated in the Mediterranean region:
Review and analysis. European Journal of Agronomy and Crop Science, 28: 493-507.

Koocheki, A. and Khajeh Hosseini, M. 2008. Modern Agronomy. Jahad Mashhad University Press, Iran 740 pp.
(InPersian)

Landeras, G., Ortiz-Barredo, A. and Lopez, J.J. 2008. Comparison of artificial neural network models and empirical
and semi-empirical equations for daily reference evapotranspiration estimation in the Basque Country (Northern
Spain). Agricultural Water Management, 95: 553-565.

Miranzadeh, H., Emam, Y., Pilesjo, P. and Seyyedi, H. 2011. Water use efficiency of four dryland wheat cultivars
under different levels of nitrogen fertilization. Journal of Agricultural Science and Technology, 13: 843-854. (In
Persian).

Nakhforoosh, A., Grausgruber, H., Kaul, H. P. and Bodner, G. 2015. Dissection of drought response of modern and
underutilized wheat varieties according to Passioura’s yield-water framework. Frontiers in Plant Science, 6: 1-
13.

Shamsi, K., petrosyan, M., Noor-mohammadi, G. Haghparast, A., Kobraee, S., Rasekhi, B. 2011. Differential
agronomic responses of bread wheat cultivars to drought stress in the west of Iran. African Journal of
Biotechnology, 10 (14): 2708-2715. (In Persian).

Shiri, J., Nazemi, A.H., Sadraddini, A.A., Landeras, G., Kisi, O., Fakheri Fard, A. and Marti, P. 2014 a. Comparison
of heuristic and empirical approaches for estimating reference evapotranspiration from limited inputs in Iran.
Computers and Electronicsin Agriculture, 108: 230-241.

P sl i gy 4yl
WAA Ll g ks (Y o bs) Jol oylois 095 6599


http://www.sciencedirect.com/science/journal/03783774
http://www.sciencedirect.com/science/journal/03783774
http://journals.plos.org/plosone/s/submit-now
http://www.scielo.br/rbeaa
http://www.scielo.br/rbeaa
http://jast.modares.ac.ir/

Shiri, J., Sadraddini, A.A., Nazemi, A.H., Kisi, O., Landeras, G., Fakheri Fard, A. and Marti, P. 2014 b.
Generalizability of geneexpression programming-based approaches for estimating daily reference
evapotranspiration in coastal stations of Iran. Journal of Hydrology, 508: 1-11. (In Persian).

Siddique, K. H. M., Belford, R. K., Perry, M. W. and Tennant, D. 1989. Growth, development and light interception
of old and modern wheat cultivars in a Mediterranean-type environment. Australian Journal of Agricultural
Research, 40 (3): 473-487.

Tohidi. M. Nadery, A. Siadat, S. and Lak, S. (2012). Variables productivity of light interception in grain maize hybrids
at various amount of nitrogen. World Applied Sciences Journal. Vol. 16. pp: 86-93. (In Persian).

Valvoa, P. J. L., Mirallesa, D. J. and Serragoa, R. A. 2018. Genetic progress in Argentine bread wheat varieties
released between 1918 and 2011: Changes in physiological and numerical yield components. Field Crops
Research, 221: 314-321.

Varga, B., Varga-Laszlo, E., Bencze, S., Balla, K. and Veisz, O. 2013. Water use of winter cereals under well-watered
and drought stressed conditions. Plant, Soil and Environment, 59:; 150-155.

Varga, B., Vida, G., Varga-Laszlo, E., Bencze, S. and Veisz, O. 2015. Effect of simulating drought in various
phenophases on the water use efficiency of winter wheat. Journal of Agronomy and Crop Science, 201: 1-9.

P sl i gy 4yl
WAA Ll g ks (Y obs) Jol o5lois 095 6,99



e Pl 30 435 5 T S ) 0, Klae b)) rf

Evaluation of yield, radiation and water use efficiency of drought resistant
and susceptible wheat cultivars under different irrigation levels

Zeynab rahimi', Farzad Hosseinpanahi *?& Adel Siosemardeh?®

1. M. Sc. of Agronomy, Department of Agronomy and Plant Breeding, University of Kurdistan, Sanandaj, Iran
2. Corresponding author, Assistant Professor, Department of Agronomy and Plant Breeding, University of
Kurdistan, Sanandaj, Iran

3. Associate Professor, Department of Agronomy and Plant Breeding, University of Kurdistan, Sanandaj, Iran
Email: f.hosseinpanahi@agri.uok.ac.ir

Received: 2019/ 07/ 17 Accepted: 2019/ 08/ 26

Abstract

A field experiment was conducted in order to evaluate drought stress on yield, radiation use
efficiency (RUE) and water use efficiency (WUE) of drought resistant and susceptible cultivars of
wheat at agricultural faculty research field of University of Kurdistan during 2012-2013 growing
season. The experiment was split plots based on randomized complete blocks design with three
replications. The main plots were different levels of irrigation (FI as irrigation based on crop water
requirement, 75%FI, 50%FI and 25%FI as irrigation based on 75%, 50% and 25% of crop water
requirement in FI treatment, and NI as treatment without irrigation) and subplots were three wheat
cultivars (Azar2 (resistant), Gascogen and Sayonce (susceptible). Analysis of variance showed
that the differences among irrigation treatments and studied cultivars were significant for
economical yield (EY), biological yield (BY), and WUE in terms of economical (WUEe) and
biological (WUEDb) yield. The amount of EY, BY, WUEe, WUEDb, and RUE were decreased with
reduce in water availability rather than control treatment. The overall results showed that the
amount of EY, BY, WUE and RUE of resistant cultivar were greater than susceptible cultivars.
However, the harvest index of susceptible cultivars was greater than resistant one. In general,
increasing WUE and RUE under drought stress treatments were two most important factors
determining performance excellence of resistant cultivar rather than susceptible cultivars.

Keywords: Water use efficiency, Photosynthetically active radiation, Drought stress, Sayonce,
Gascogen
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