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Table 1. Geographical and physicochemical characteristics of the soil and water in experiment locations

R pHy  ECyue(d ECsoit Clay Silt Sand
Location SR pHywer ol Sm’h (dS.m™) (%)
Tehran 76 6.6 6.7 1.44 1.68 9 20 71
Isfahan 9.6 6.9 6.8 2.56 2.79 38 46 16
Cu Zn Fe K P oM N
(mgkg) (%)
Tehran 0.72 0.9 360 41.6 1.28 0.102
Isfahan 0.41 0.5 271 19 0.81 0.145
Temperature (°C) Rainfall bl Sz Height
Min Max (mm) Geographical coordinates (m)
Tehran 11.2 22.7 213 35°44'29.48"N 51°9'53.11"E 1276
Isfahan 5.7 26 140 32°34'46.49"N  51°24'33.50"E 1628
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Table 2.Chemical composition of the zeolite (Clinoptilolite) (%)

CaO MgO Na)O

K,0O AL,O; SiO,

23 0.1 1.08 12.02 65
Cl 803 P205 T102 MnO F6203
- - 0.01 0.03 0.04 1.5

CEC =200 meq.100g™
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Fig. 1. a: Effect of water deficit stress on oil yield in Tehran b: Effect of plant improvers on 1000 seed weight in

Tehran (P<0.05).S,, S, S;: water deficit stress at 60, 120, 180

mm evaporation form evaporation pan, respectively
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Fig. 3. Effect of improver treatments on Irrigation Water Use Efficiency (IWUE) in sunflower in water

deficit conditions. Sy, S,, S3: Water deficit stress at 60, 120, 180 mm evaporation form evaporation pan,

respectively. Ay, A,, Az, Soil improvers application at Control, zeolite and super absorbant. Fy, F,, F3: Foliar

application of plant improvers at Control, Calcium silicate and Hexaconazole
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Table 3. Mean comparison ofplant characteristics of sunflower in water deficit, soil and plant improver treatments

0 Ses als s Shes P30 Ol 255 Shes als Ve O3y
S A F  Biological yield (kgha") Seed yield (kgha') Oil content (%)  Oil yield (kg.ha™) 1000 Seed weight (g)
ol Ol ol Ol Olgisl Ol Olgaa!
Tehran Isfahan Tehran Isfahan Isfahan Isfahan Isfahan
F, 11710 h 12.20d 4298 cde 4735 ab 32.7kj 1551 def 58.2 e-h
A F, 11840 g 12.37 ¢ 4521 abc 4265 cde 40.9 b-f 1750 bed 71.0 abc
F3 11690 i 12.28 cd 4273 cde 4277 cde 38.3d-1 1638 cde 65.5b-g
F, 12680 ¢ 12.80b 4389 abc 4608 abc 43.9 ab 2023 a 65.2 b-g
Ss A F, 12690 b 1291a 4516 abc 4442 a-d 41.1 b-f 1826 abc 68.6 a-¢
F; 12170 e 12.76 b 4950 a 4838 a 39.3 ¢c-h 1904 ab 75.8 ab
F, 12570 d 12.25d 4606 ab 4126 de 38.5d-h 1590 def 69.6 a-d
A; F, 11950 f 1278 b 4222 cde 4355 b-e 43.9 ab 1911 ab 74.0 ab
F; 12870 a 12.83 ab 4549 abc 4333 b-e 35.9 hijj 1552 def 70.2 a-d
F, 10330 r 1194 ¢ 3176 ijk 3014 jki 38.5d-h 1614 def 73.4 ab
A F 10900 n 11.38 h 4033 c-g 3282 g-j 354 h-k 1176 ijk 51.4ij
F; 10760 q 11.84 f 3913 d-h 3686 fg 40.2 b-g 1483 efg 57.8 hij
F, 11200 k 11.67g 4169 cde 3993 ef 43.2 abc 1725 bed 61.2 e-h
S, A, F, 11330 11.83f 4530 abc 3481 ghi 46.4 a 1616 def 57.0 c-h
F; 111801 11.75 fg 3476 f-j 3524 gh 40.2 b-g 1416 fgh 79.4 a
F, 10870 o 11.32h 4324 cd 3638 fg 36.6 g-j 1332 ghi 59.5 e-h
A; F, 10990 m 11.22i 3363 hij 4197 cde 34 ijk 1029 j-n 66.8 b-g
F; 10850 p 1140 h 4142 c-f 3330 g-j 36.9 hij 1223 hij 66.9 b-g
F, 9140 a, 9.38n 25671 2372 m 36.2 g-j 858 m 41.4 jk
A F, 9800 x 9.39n 2976 jkl 3071 ijk 32.7 jk 1004 klm 57.4 e-h
F; 10220 s 942 n 3182 ijk 3390 g-j 314k 1059 j-m 37.8k
F, 10080 u 9.57m 3454 hij 2737 klm 37.3d-i 1018 j-m 45.3 ijk
S; A F, 10040 w 9.58m 3716 e-i 3510 gh 41.4b-d 1451 efg 56.6 ghi
F; 10070 v 9.64ml 3449 hij 3566 g 39.5c-h 1407 fgh 55.8 ghi
F, 9550y 9.69m 2661kl 2605 Im 36 g-j 937 Im 52.3 hij
A; F, 10090 t 9.81k  3811d-h 4014 ef 41.2 b-e 1655 cde 78.7 a-f
F; 9510 z 9.94 3076 jkl 3117 ijk 37 14 1147 i-1 61.9 c-h
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Means in each column followed by similar letter(s) are not significantly different at 5% probability level, using T test
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S1, S,, S;: water deficit stress at 60, 120, 180 mm evaporation form pot, respectively. Fy, F,, F5: Foliar application at control, Calcium silicate, Hexaconazole. A;, A, A;.
Soil improves application at control, zeolite, super absorbance
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Table 4. Effect of soil and plant improver treatments in water deficit condition on number of grain per plant in sunflower

Tehran : Isfahan
D ol DS U536 5 D ol DS 536815
Control Calcium silicate ~ Hexaconazole Control Calcium silicate ~ Hexaconazole
Control  aalz 1128 a-e 1185 ab 1124 a-e 1141 a-d 1142 abe 985 e-n
S, Zeolite <Jg; 857k-t 907 i-r 987 e-0 909 i-r 953 g-q 964 f-p
SAP ... 1009 c-k 951 g-q 996 c-1 813 p-t 871 j-s 1202 a
Contro  wals 782 r-t 807 g-t 1007 c-1 835 m-t 866 j-t 962 f-q
S, Zeolite <Jg; 989 c-m 1080 a-g 848 I-t 857 k-t 1111 a-f 961 f-q
SAP S 1032 b-i 892 i-s 958 f-q 961 f-q 868 j-t 1016 c-j
Control sz 756 r-t 748 st 867 j-t 785 r-t 870 j-s 987 d-n
S;  Zeolite <Jg; 1018 c-j 1065 a-h 911 h-r 998 c-1 963 f-p 910 i-r
SAP b 833 n-t 1027 c-i 827 o-t 828 o-t 715t 813 p-t

LI (55l e gl A 3 ey Jlozml o 53T 0 pa3T olal s cdizn &5 2 3 (115 o (gl S0k sk
Means in table followed by similar letter(s) are not significantly different at 5% probability level, using T test
S S 5l s g e VAT VY B s a GTeS 5 e gk 1S3 585 Sy
S1, Sy, S3: water deficit stress at 60, 120, 180 evaporation form evaporation pan, respectively
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Table 5. Effect of soil and plant improver treatments in water deficit condition on harvest index in sunflower

Tehran i Isfahan
aals el DS Ja3bsST S aals el OIS Ja3b581Ka
Control Calcium silicate  Hexaconazole Control Calcium silicate  Hexaconazole
Control sz 37 a-f 38 a-d 36.7 a-g 38.7 abc 343 c-l 35c-k
S, Zeolite <cJg; 343 c-l 35.6 b-i 41 a 36 b-h 343 c-1 38 a-d
SAP »~b 38.7abc 353 b4 353 b4 33.7d-n 34 c-m 33.7d-n
Control el  30.7j-p 36.7 a-g 36.7 a-g 253q 29n-q 313 hp
S, Zeolite <Jg; 373 a-e 40 ab 31ip 34 c-m 29.3 m-q 301q
SAP ok 40 ab 30.7 j-p 37.7 a-d 32 g-o 374 a-e 29.3 m-q
Control  uslz 28 0pq 30.3 k-p 31ip 253q 32.6 e-0 36 b-h
S3  Zeolite <cJg; 34 c-m 37 a-f 343 c-l 28.7 opq 36.7 a-g 37 a-f
SAP L~k 28 0pq 37.7 a-d 323 f0 27 pq 4l a 313 hp

L (613 gme D3l oy gy Jarm! o 53T go3T ol ckton &5 e oy 5115 o7 a5 S0ke sl 5
Means in table followed by similar letter(s) are not significantly different at 5% probability level, using T test
S S 3l s g Jea VAL VY B s a GTeS 5 e gk 1S3 585 Sy
S1, Sy, S;: water deficit stress at 60, 120, 180 evaporation form evaporation pan, respectively

YY¢


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.2.3.7
http://agrobreedjournal.ir/article-1-521-en.html

[ Downloaded from agrobreedjournal.ir on 2025-08-16 ]

[ DOR: 20.1001.1.15625540.1394.17.2.3.7 ]

"...;ﬁ}éuu\;a::%:l}adﬁ.a;l"

o e Ol 48 & 4 5L iz g 5 DT O s Oljmr il o Jail 8 alas 5> S 5
Sl (il e ST |8 ST odias 55 Sl e jc,_:&}s,'g))_.m..»_aobﬁ{l_ﬂubd_a,)
)JwTéﬂiﬁ)db‘&)y)JJM)g JA(M)JA)LQM&\JJ\V}}AJjJD;\Jﬂ
w‘JH)M‘ﬁC})QJWJJJOJ‘J‘;&K uA\c.lﬁsijJlfstiTJq\fi)a o33 gugs S 50
cgcuaéﬁs‘}m&&gdwcgu‘)::‘)ﬁ juébﬁﬂjﬂé)w%bwb{\ﬂjs
Ll Pl 4 1y Sl Ll 5 e &T)\jéu)bbﬁﬂ‘j_'a‘gvi_‘ﬂ&&:k_w
References odlatwl 890 b

Aminifar, J., Gh. Mohsenabadi,Mh. Biglouei and H. Samiezadeh. 2012. Effect of deficit irrigation on yield,
yield components and phenology of soybean cultivars in Rasht region. Int. J. Agric. Sci. 2(2): 185-191.

Ayan, S., Z. Yahyaoglu,V. Gercek and A. Sahin. 2008. Utilization of zeolite as asubstrate for containerised
oriental spruce (Picea orientalis L.) seedlingspropagation. Acta.Hort. (ISHS). 779: 583-590.

Connor, D. J. and V.O. Sadras. 1992. Physiology of yield expression in sunflower. FieldCrops Res. 30: 333—
389.

Epstein, E. 1994.The anomaly of silicon in plant biology. Proc. Natl. Acad. Sci. USA. 91(1): 11-17.

Schniter, A. A. and J.F. Miller. 1981. Description of sunflower growth stage. Crop Sci.21: 901-903

Farzad, B.A., T. Mahmoud, N. Majid andS. Mohamad-Reza. 2013. Effect of drought stress on yield and
yield components of some sunflower recombinant inbred lines. Int. J. Biosci.3(3): 50-56.

Fletcher, R.A., G.N. Sankhla and T. Davis. 2000.Triazoles as plant growth regulators and stressprotectants.
Hort. Rev. 24:55-122.

Franz, C. H. 1983.Nutrient and water management for medicinal and aromatic plants.Acta. Hort. 132: 203-215.

Gholinezhad E., A. Aynaband and A. Hassanzade. 2009. Study of the effect of drought stress on yield, yield
components and harvest index of sunflower hybrid Iroflor at different levels of nitrogen and plant population.
Not. Bot. Hort. Agrobot. Cluj. 37 (2): 85-94.

Goebel. M.O., J. Bachmann,SK. Woche andW.R. Fischer. 2005. Soil wettability, aggregate stability, and the
decomposition of soil organic matter. Geoderma. 128:80-93.

Gunes.A., Y.K. Kadioglu, D.J. Pilbeam, A. Inal, S. Coban and A. Aksu. 2008. Influence of silicon on
sunflower cultivars under drought stress, II: Essential and nonessential element uptake determined by
polarized energy dispersive X-ray fluorescence. Commun.Soil. Sci. Plan. 39: 1904-1927.

Iino.K., L. Lozonschiand A. Metzner. 2011. Tricuspid valved stent implantation: novel stent with a self-
expandable super-absorbent polymer. Eur. J. Cardio.Thorac. 40(2):503-507.

Khomri.S.,K. Ghasemi Golezani, H. Aliari, S. Zehtab Salmasi and A. Dabbagh Mohammadi Nasab. 2008.

Effect of irrigation disruption on phenology and grain yield of three sunflower (Helianthus annuss L.)

\Ye


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.2.3.7
http://agrobreedjournal.ir/article-1-521-en.html

[ Downloaded from agrobreedjournal.ir on 2025-08-16 ]

[ DOR: 20.1001.1.15625540.1394.17.2.3.7 ]

WA Olsls ¥ ojlad oot dle 01l 21,5 p sl dlrs”

cultivar in Tabriz. J. Agric. Sci. Natur. Resour. 14(6): 72-80. (In Persian with English abstract).

Li. Z.P., B.H. Liu andF.F. Liu. 2011. A composite of borohydride and superabsorbent polymer for hydrogen
generation. J. Power. Sour. 196(8):3863—3867.

Liang, Y.C., W.H. Zhang, Q. Chen, Y.L. Liu and R.X. Ding. 2006. Effect of exogenous silicon (Si) on Hp-
ATPase activity, phospholipids and fluidity of plasma membrane in leaves of salt-stressed barley (Hordeum
vulgare L.).Environ. Exp. Bot. 57: 212-219.

Nazarli, H., M.R. Zardoshti,R. Darvishzadeh andM. Mohamadi. 2011. Change in activity of antioxidative
enzymes in young leaves of sunflower (Helianthus annuus L.) by application of super absorbent synthetic
polymers under drought stress condition. Aust. J.Crop.Sci. 5(11):1334-1338.

Nazarli, H., M.R. Zardoshti, R. Darvishzadeh andS. Najafi.2010. The effect of water stress and polymer on
water use efficiency, yield and several morphological traits of sunflower under greenhouse condition. Not.
Sci. Biol. 2(4):1-6.

Nason, M., A., J. Farrar and D. Bartlett. 2007. Strobilurin fungicides induce changes in photosynthetic gas
exchange that do not improve water use efficiency of plants grown under conditions of water
stress.Pest.Manag. Sci. 63:1191-1200.

Rao, K., Venkata, S. Mohapatra and T.K. Maji. 2012. Guest-responsive reversible swelling and enhanced
fluorescence in a super-absorbent, dynamic microporous polymer. Chem-Eur. J. 18(15):4505-4509.

Stefan, V., V. Ion, N. Ion, M. Dumbrava andV. Vlad. 2008. Floarea-soarelui (Sunflower). 3th Ed. ALPHA
MDN, Buzéu.(Spanish with English summary).

Tabatabaei, S.A., V. Rafiee, E. Shakeri and M. Salmani.2012. Responses of sunflower (Helianthus annuus L)
to deficit irrigation at different growth stages. Int. J. Agric. 2(5): 624-629.

Vranceanu, A.V. 2000.Floarea-soarelui hibridda (Hybrid Sunflower).2nd Ed. Ceres, Bucharest.(Spanish with
English summary).

Xiubin, H. and H. Zhanbin. 2001. Zeolite application for enhancing water infiltration and retention in loess
soil.Resourc.Conserv.Recy.34: 45-52.

Zhang, M., 1. Duan, X. Tian, Z.He, J. Li, B. Wangand Z. Li. 2006. Uniconazole-induced tolerance of soybean
to water deficit stress in relation to changes in photosynthesis, hormones and antioxidant system. J. Plan.

Physiol. 164: 709-717.

Y1


https://dor.isc.ac/dor/20.1001.1.15625540.1394.17.2.3.7
http://agrobreedjournal.ir/article-1-521-en.html

[ Downloaded from agrobreedjournal.ir on 2025-08-16 ]

[ DOR: 20.1001.1.15625540.1394.17.2.3.7 ]

s "

"...jﬁ}_;u;,uu%:l,u}ﬂ,

Effect of improvers application on seed yield and irrigation water use
efficiency of sunflower (Helianthus annuus L.) under water deficit stress

conditions
Moradi Ghahderijani, M.", K. Sadat Asilan® and S.A.M. Modarres Sanavy3

ABSTRACT

Moradi Ghahderijani, M., K. Sadat Asilan and S.A.M. Modarres Sanavy. 2015. Effect of improvers application on seed
yield and irrigation water use efficiency of sunflower (Helianthus annuus L.) under water deficit stress conditions. Iranian

Journal of Crop Sciences. 17(2):115 -127. (In Persian).

To evaluate the effect of improvers and water deficit on seed yield and irrigation water use efficiency of
sunflower (Helianthus annuus L.), a field experiment was conducted as split-factorial in randomized complete
block design with three replications in Isfahan and Tehran, Iran, during the 2012 growing season. Experimental
treatments were 1- water stress at three levels; 60, 120 and 180 mm evaporation form class A pan were assigned
to main plots, 2- soil improvers at three levels; control (no application), zeolite (4.5 t.ha™) and super absorbent
polymer (100 kg.ha’l) and 3- plant improvers at theree levels; control (zero), calcium silicate (400 mg.I"") and
Hexaconazole (2 g.1") as factorial were randomized in sub-plots. Water deficit significantly decreased seed yield
(45%) and oil yield (20%), biological yield (22%), seed number per plant (32%) and 1000 seed weight (29%).
Application of zeolite and hexaconazole led to higher seed yield. Water deficit at 180 mm level reduced the oil
yield by 58%. Application of super absorbent polymer and calcium silicate reduced the effect of water deficit
stress by 19%. Application of zeolites and hexaconazole had the highest irrigation water use efficiency (IWUE).
IWUE increased with application of combination of soil and plant improverby 25% to 59%.

Key words: Calcium Silicate, Hexaconazole, Sunflower, Super absorbent polymer and Zeolite.
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