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cahracteristics and nutrient uptake in sunflower (Helianthus annus L.)

"8 el 5 6ok il OLLL (suge

oS

Q\_\Ji.l:éT):&Lj\.‘crp\;ﬁgi\;}diij)bi)é&h;j{}jg}ﬂﬂr{ﬂt&é\idjbu}é..f.,‘u:ﬁ;l.\r,\i NEERCRE NP Vg A
YYY-YAY (F) 1Y .0l o1y pole dxo (Helianthus annus L.)

(Jm9 7 il sghh (b g A7 Ol o gyt 30 9 (59 (0T b o puolis (il Jgdome ST (s sgtike 4
4> 50 93 58 (T p8)) OIS KL ol 4i10 3 Ko b T LI 9 108 yolis Do o5 g (g g 9 Db gr 7 25l
39 )1 5ST A L (Bolai ol (Sld 5 gy 7 olo B 53 o0 3 55 (Sl O 8T O ygmo Ay (=il T ( SiS i
4 4010 Ol ) 9 (ANF A 50 90 13 (Gl alad g (KIS slon W28 F plexil P15 olKII1S 53 \YAD-AS o153 W
(593 (BT B a0 Lo D90 4 I pan o yolie (b Jglow § Lol hols Ulgim (Solkel @B Uge) wald sl of yos
B 0318 S bl 4 30 gbs W 4§ L 5 P bl Ol PR+ S5+ BT« yKint 89 « 3ot T (895t BT ( yKin
Ol g a0 4 oo g0 BB Ol 0 093 gy 9 31D (FALT (6518 o 3390 41 1) 010 ,TLET &ild & Khos  Kis i ald Ol
o B pan o polis 31 odlainl .09 o yd TF/T Jlko Ll jlowd 4 S dlo> o o3l 58 4510 & jhos ™ Ol ja0 .09 bd 4l
SO e 7 (o 89 57 s ¢ b9 W57 (ile sodd Ol jwo (iS5 Jlosl b .als 418 & Shos g 1381 30 (510 o pudd
Ot D o5 polis G 33 T i (AU Al 0 (K Slod 90 BT 23l o il 9 b e s p 9 Jglow
Jbasd 4 by (90 50 + 5B T e 4 Loy Jidg 57 Ol T (3 Jglows slod 4 bga 0 Judg I8 il sgld Ol e
9 BT mole slado oy YU (895 yaie SWS 5 lo3T (il 55 . Widgr PRintS9s+ T Hlowd 4 Lgsyo Dl 7 9 (595
39 0ol Gt W 31 AT Sk B 410 Sl g Al 50 3 (KiS il Jlos! (b 30 T oy 505" 9 Wl sy 30 e
O10 KT 451 & o 38 1) il 9 g B 410 Ol g Ao g0 33 (Kl 5 457 0 5 (& 0 domiid OlgF (o0 i lo3T (!
e 4 Lof cohol Gy (AT dl> 50 35 (9 0 9 Db T LS 9 Judg T (uiluagh Ol e o Al Nz B 390 Cacl
DA dlo o 33 Kl S 6 5 g 4 D pan o8 jolie I Dl pus 35 9 B 410 b 3 0393 Jgb S
O (A dl> 40 51 gl by Ll

0 59090 1 (S T 39 9 B pan u yolis (( KiS ST (6 powl (SROUES mudid (01 JOLET 1 suls” (Saolg

WA 1 s WANY/A 13l 55 5t
5 oy el 5 Al i )18 Gl (5 smmdils -
(Haydari2005@yah0o.com :Ss S ) (oS 451850) bl o305 «bL ool 5 ol o3 8 okl =Y

15 o5 (L 3ol 5 el 05,5 5Lkl Y

Yvv


www.SID.ir

VAR Olens s oF o 5lacd cpns g Al Ol )5 psle Al

¥ Lyl b gl U (g jomal ok Ll (6 o
aalsl gy Lo cady ) Jarses 51 OT Gl alsl 6l
Good and Zaplachiniski, ) 3 5 g 2l Jsk sleT
3 ST OLS 5 510LalS [ plate ol (ol (1994
Pl Olhdas S 5l ol S ooslinal Sdas
|25 eden )l g5 2 6 735 ool S OLS 5
(Parakas ef al., 2002) Ll oo bod 0w gd U
SR Ll s s aes e olss e 3,158 51 Sy
S Dl g S a4 S e sl Dy S (S
23 awlid 4 HH e Cad Mis 58 0 4 2 ool
Eel § b ge ol il (or IS s 3L
Jslm 53 J st lon Sy 51,5 Ol e 21580
.(Khanna-Chopra, 1999) 4% Jal &
AU Lo iy sb 4 (5 5548 30 855
A ot s by b s T S
DS 5 e 5,8 (oo 3 S s 05es 50
Dl st 3 Lol el 5 bl 5 87 il (JT
)15 OLalS (g el 5L @ b )3 age GHE
o Seis i 55 b s (Flagella etal., 1995)
5 ady dame 3 s POl Clals 5, YL e
Ol 1S L (6 el Jmiily Sldl ame s
Ot 33 550 oo wwlS @3 A=l glde Sole
5 ebe ol (S dde pH 23, Y
355 oo Pzl jlars ole pla Sl 2ie O3 e
5 20 35 0 45 0 ¢S G (Grattan and Grieve, 1999)
Slidios (U 5 (8155 DS 53 O3 s oS ol
o (S i Ll s s Ll s § O e 6oL
D)y pole pl Sleslinnl & Lol jatia o5
OLlS &S5 55 S 55 S 2 o 5 5 5 e
I3t S g 4 G g azils |y 36 o 2o
Aghei ) o) pw ST das o ialS 1, Jiis
L o) e Gm bLLI o) 5 5> (Sarbarzeh, 1995
d;i:omrﬁjaé:&@‘}od‘_;hubw
b pkE Calisea 06 3 (Sis 4 ot (53,5 paie

YVA

Ao

o sdaze (sla 25 L by (b s el
Wy il 5 0 o AT ) 5SS p ki o a5
Sl (AL S A o e 5 Sl Olje @
u\gL@TAJ_il*:«}r_m:J}{bcu)J_fuijéh
e e ) (S s (Heidari, 2006)4 5L
ol 3, Ses 5 sy ialST (aoms [ alse
s 5 &St Gl > o pas 4y oolyj OLLS
A i g Ol IS 550 o o gmma Li> St
350 3 508 (ol iy LI sk g, Od ate e
0y95 Jsd ol gals 05 S L;\J{Cj‘}! S o g2
DLalE - (S Sl 5 e Sl s s 0
.(Reddy et al., 2004) !

8y (St 15 N 6 Jul e ) S
el G bl e 3 LS Ol alS
SISIL (Vazan, 2000) Coul Jods IS il sl
S W S 5,158 (Flagella ef al., 1995) Ol )LSCas
e eSS s Sl 13 e S
L (el s Sdd 53 €0, odr L O; L )
L;J_:fo)'\..u\ 350359 C ™) Jed o A7 usla, 5o
N eele 2LS0) Bl (oo 35 IS il o6 1Al
LY 6ol 53 05 S OL s oo 58155 5 Sas
S35 bl (Reddy er al., 2004) das OLiS
AALS e Sk i (Vazan, 2000) Ol
Cadides gla 5 55 55 (M) o551 5S 5, Shes
J23 S il g S o8 s 058 (0 A3 i
el (6,1 ol (51 ins gon 5l S Ol yins S
A3 YU glales & Caoslie 5 Sis a5 o
Sleasly sl 8 el S Uosd e 8
L 0T (San | 0255 i g >3]
uﬁ(.swjf%y Sladlas ST s wils 5 Shes
.(Flagella et al., 1995) !

Sl 5k 51 OWLE ¢ S 5 b ablie sl

oo a8 5L o) 5SS S e enlizal iz


www.SID.ir

Nl G g s (Si 25

350 G gls &S Do 4 b T ol a3 oo Al B ps3
Uy dolar JolS (sla oS b LI s 5 s B Jsbos Sy taleiT ol 5 o
dals &y ey (St lajles A5 Sl 1SS S 5 3 e Sy 7K 5 (53, AT pais
2 ST adad (W) sy b plas 55 55T S el (Slo oS ot (S5 5 g 5 sl S 529
Oy ado o 53 LT kB 5 (W) AU A e Lyl 5 55 0 ST ol s ol jule Ll
b Jslos mlan V5 (ol Jule Ol 5o 4 (W5) &l el o3 g St A5
(b) Ks e(b) (535 elbr) T s e oS olie
(06) 7Kt +5, (bs) 35+ AT dby) s3,+0aT B 595 9 dlge
A s e ele Olse 4 () 3Kty + 0T e 50 53 WAD -AF ety 5 Jlw s SaleT ol
Sl esbial O g sleg (besT ol 55 s a8 8 Jt ol (55,55l tS” 0aStingy S
;“)J{“%LGJ)W@;JEJJJWV-{M“ aids Vg a3 ?) sl p J b L (ans o)
=S 5 Cosal s WS 4 pobe el a2 5 Pot 4SSN 54z 3T oldl g o e (S5
3 A e e 55 53 S 25 Jlesl b s Loy o5 8 il L s o 1 e FAY LS|
05 (St a5 Jlesl S i sl b 415 O 5 s b e g me e Y dibate SULe S50
St slag adopn pl )5l 5l da (AU Al s oY 5V OT b gles ST
!t et Sl 5 58 053 OT 53 ST JulS™ slas L wjeﬁyuﬁkwgswu;\,ﬂﬁxu
WL aelal Jsane Doy g 4 (5oLl Moma i Al sl 4 2 Sl ol L 35 (e Dl
a,pau,»,;@gca;umguﬁ¢L>,.)> SO Jsdr o Cals I b galesT Joee ST
Lbls anlsl Sl O3 U g ] 0l &5

S Al ¥ 6 i G )3T e S gl 5 (S35 ooy ) st
Tablel. Physical and chemical properties of soil (0-30cm)

Sl s o o <Y T R B S D * B PP

Soil Texture Sand. Clay Loam Mn Zn Fe K P N S S lia

s (%) Aoy (mgkg') ¢SS 508 La pH  EC(dS.m™)

Sandy loam 41 32 27 30 41 22 185 12 63 14 1.8
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Table2. Analysis of variance for grain yield, SPAD value, chlorophyll fluorescence, micronutrients, carbohydrate and proline content in sunflower in water stress and

foliar micronutrient application treatments

@57y Sl s S I 7 S5 T Js J8 by gl e by iS50 wls 3 Slas
S.0.V o ol d.f Carbohydrate Proline Mn Zn Fe Fv/Fm SPAD Grain yield
MS) Sl e Sk
Replication K 2 0.05 70.2 281.6 2223 1149.7 0.002 1.6 2352
Water stress Sis s 2 269" 132.8™ 1687.9°  54797.9™ 7368.4° 0.02" 149" 5398.5"
Error a Call gl 4 0.3 26.2 1235.1 10643.7 672.2 0.0007 0.76 764.9
Micronutrient G, 6 16" 128.1°7 1180.3° 198802 11491.9™ 0.0053" 133" 5252
sl S 12 1.8" 21627 796.1 15261.8"  16024.8™ 0.0057" 7.04 1185.77
Water stressxMicronutrient
Error b o gl 36 0.2 21.1 4734 3393.8 1460.2 0.0017 1.27 428
CV (%) S s 4.2 12 7.24 7.09 10.4 5.8 7.5 19.5
ns: Non-significat S5 sxe e NS

* and **: Significant at 5% and 1% probability levels, respectively
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Table 3. Mean comparision of grain yield, SPAD value, chlorophyll fluorescence, micronutrients, carbohydrate and proline content in sunflower in water stress and

foliar micronutrient application treatments

Sl s S oA s e33) ool ls 5 Slas
Carbohydrate Proline Mn Zn Fe Jis S Gulayss e Jds s Grain yield
Treatment LT sla,les (ug Glucose.g' FW) (umol.g". FW) mgkg!. DW Fv/Fm SPAD value (@m™)
Water stress Sas A
Control (A5 Oady) dali 10.1¢ 38.6b 310.7 a 770.1b 3874a 0.71b 14.1b 126.1 a
P > S 1242 4352 296.9a 8219b 354.6b 0.75a 1542 97.3b
Water stress at flowering
Okl e 3 S 11.1b 39.9 ab 293947 87222 3554 0.69b 15.62a 953 b
Water stress at grain filling
Foliar micronutrient application O fan oS ol 5L Jgloes
Fe ool 11.4 ab 39.7dc 291.9bc 786.1b 377.6ab 0.74a 14.4b 115.5a
Zn 23) 11.52 ab 45.7a 315.5a 798.3b  412.6a 0.72a 13.1c 104.4a
Mn fh 11.3 ab 42.9abc 298.2abc  795.7b,. 385.5ab 0.73a 15.9a 112.4a
Fe+Zn Sstoal 10.4¢ 36.5d 311.1ab 792.4b . 3159c 0.72a 1470 97.8a
Fe+Mn FCORRN 11.1b 36.55d 285.2¢ 797.5b  321.3¢ 0.715a 16.4a 106.2a
Zn+Mn v, 11.2ab 44.56ab 291.9bc 884.3a 360.9b 0.67b 16.2a 94.1a
Fe+Zn+Mn e tgagronl 11.66a 38.68dc 309.1ab 895.2a 386.9ab 0.71a 14.2ab 108.6a

H\J)\.uks)l:@m@)w.l.a);@gjlablcka):Qg.l\;‘sl4'.«\;H\;g-Q}U‘walj‘mafj::mb})fél)b‘\f&u&gjpopﬁ);
Means in each column and for each treatment, followed by similar letter(s) are not significantly different at 5% of probability level, using Duncan’s Multiple Range Test
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Fig 1. Interaction effect of water stress and foliar micronutrient application on grain yield in sunflower
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Fig 2. Interaction effect of water stress and foliar micronutrient application on chlorophyll fluorescence in

sunflower
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Fig 3. Interaction effect of water stress and foliar micronutrient application on SPAD chlorophyll value in

sunflower

YAY


www.SID.ir

Nl G g s (Si 25

5 i 5 slales s 01 KT S5 s b sla S5s g4l s Shae o SKwar ol i —F S

Table 4- Correlation coefficients between grain yield and physiological parameters in sunflower in water

stress and foliar micronutrient application treatments

Plant characteristic S Sl 1 2 3 4 5 6 7 8
(1) Grain yield 6ls 3 Shes 1

(2) Chlorophylla fluorescence b, 5" wilu,s  -0.082™ 1

(3) SPAD value e Jbs JS e 0.182™ -0.044™ 1

(4) Proline sy -0.115™ 0.179™  0.084™ 1

(5) Carbohydrate Bohass S <027 0.23" 0.074™ 0.14™ 1

(6) Fe w027 -0.116™  0.17 0.08™ 0.06™ 1

(7) Zn e, 0237 -0.16™  0.142™ 031 0.14™ -0.02™ 1

(8) Mn S 025 -0.02" 0.24" 0.039%  0.095™  0.15™ -0.07™ 1
ns: Non-significat Sl gme 1118

* and **: Significant at 5% and 1% probability levels, respectively
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Effect of water stress and foliar micronutrient application on physiological
characteristics and nutrient uptake in sunflower (Helianthus annus L.)

Babaeian, M.l, M. Heidari’ and A. Ghanbari’®

ABSTRACT

Babaeian, M., M. Heidari and A. Ghanbari. 2010. Effect of water stress and foliar micronutrient application on
physiological caharctersitics and nutrient uptake in sunflower (Helianthus annus L.). Iranian Journal of Crop Sciences. 12

(4) 377-391. (In Persian)

To study the effect of foliar micronutrient application under water stress conditions at two stages of growth
on chlorophyll fluorescence, chlorophyll, proline and carbohydrates content, nutrient uptake and relation
between them with grain yield of sunflower (cv. Alster), a field experimental in split plot design with three
replications was conducted at the University of Zabol, in 2007 growing season.. Wter stress at three levels
(control, flowering and grain filling stages) were assigned as main plots.and seven micronutrient treatments; Fe,
Zn, Mn, Fe+Zn, Fe+Mn, Zn+Mn and Fe+Zn+Mn, were randomized in sub-plots. Results showed that water
stress at two stages of growth significantly reduced grain yield. The impact of water stress was more pronounced
when applied at grain filling and grain yield decreased by about %24.3. Foliar micronutrient application
increased grain yield in water stress and application of Mn had the highest positive effect on grain yield.
Chlorophyll fluorescence, free proline and total soluble carbohydrates content increased in water stress condition
at both stages of growth. The highest concentration of these components were found in the flowering stage.
Foliar application of micronutrients increased accumulation of these components, the highest chlorophyll
fluorescence was found in Fe, chlorophyll in Fe+Mn, proline in Zn and carbohydrate in Fe+Zn+Mn treatments.
In this study, the highest content of Fe and Mn elements were found in non-water stress (control) and the lowest
of these elemnets were observed in water stress at the grain filling stage. It can be concluded that water stress at
the grain filling stage had the most effect on reducing grain yield of sunflower. Although the highest chlorophyll
fluorescence and concentrations of the osmotic regulators (carbohydrates and proline) were found in water stress
at the flowering stage. Since water stress at the grain filling stage reduced the uptake of micronutrients,

particularly Mn, therefore its effect on sunflower was more pronounced than water stress at the flowering stage.

Key words: Water stress, Micronutrient, Physiological caharcteristics, Osmotic adjustment and Sunflower
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