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Effect of water stress and foliar micronutrient application on physiological

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

" o3 o 5 Gk steas COLLL e

ou

Ol KT s glde uolie o 5 G50 58 S S hs O oS pobe (Bl Joms 5 (it 25 J1AVAL L6 8 1 § Sk 0 (OLSLL
YYY-¥aY (F) VY .0l p! els) pole doxo (Helianthus annus L.)

(S99 (il 39l (b3 Ol o =t 50 9 (593 T L s 0 pmolie (B Jodme ST (i) 2 stk 4
Ao 30 93 38 (i T (b ) OIS KILBT oLS™ 4l 3 Khos b T Lyl 9 2108 yolie LIS (&5 » csd9 9 9 Sy gr 7 ko
29 315 4w by (B0l o6 (6Lt &5 gy &y ot 50 couh 8 y5 (SLB O 5 gm0 dy  inlo 3T o K i
A 010 Ol ) 9 (AT A 50 90 10 (GHleT @lad g (KiS slow W08 5 ploxil B3 KIS 53 \YAD-AS o155 Sl
1593 crbT b yman SLb ©39-0 & b pan o potic (B Jpkono 3 ol ole Ofgin (kT @b 09) ML slod of yoi
B 0315 Sk 4 305 gl .Aiod 48 F a5 50 o9 ole Olgim 3o+ S9+ BT « 3o+ 89 « 3wt (BT (59 5+ T (3K
Qu\&x41>)o49b’g)ob;lb'fQ'}ﬁ.o&ﬁajé'b&&V@)‘bﬁﬁ)},ﬂ@bg'bﬂt@T&‘éb}ﬂo&&d‘ésé‘bgm
o By af polic Hodlatnl .89 Ko 38 TP/ Jole Ll jlowd 4y S Al g gl 50 4310 8 Khos gl Ol 30 .09 Id L1
SRS b 5 ¢ o b9 A7 e (b A5 ol 398 O o G2 5 o b 415 3 Shes o191 53 (513 S
O B e o polis o 00 el iy (AW Al g0 (LIS Slo 30 BT 2Ol o fle 9 SO F (9 n 9 Jolne
Jlesd 4 b o (99 (50 + T slod 4 b o Jidg 5 Ol mo T S5k Jghoms slowd 4 bga o Judg 57 (il sgld Ol ime
9 OB mobe sladio oy Y (595 yaie ISy fulo3T (il 55 . Widgr PRt S9s+ T Hlowd 4 Loy yo Olsaags 7 9 (595
39 0T s gl 31 Ao T Sy B 410 Ol Al o 38 (Kl i Jlosl (b 5o T 0y o™ 9 dals Hlodd 50 3%
O1 KLBT 4510 & hos 38 1) Sl 9 g B 410 Ol g Al o 33 (KiS T 45 3 8 (S o amid OlgF (o0 g lo3T (!
e 4o Lol choT iy (AT Al 30 33 (sI9 5 9 Sy SIS 9 b9 5 il 3gld Of g (g3 sl N B 090 Csly
Oty 3 o 0 33 (S g5 1 (PR o g 4 B pan o polis ST i pus 3 9 I 410 B p 0993 Jeb el
093 (AN Al 50 3 i bd 41

53809 30 S 59 9 B pan o yolis (( KiS T (S powl (SRONGS i (018 ;OLET 1 suuls” Saolg

WA 2o sl WAMY/A 23l s 56
5 oy el Al i yI8 Gl (5 sl -
(Haydari2005@yaho0.com S5 sS31 cou) (oS 431850) 15 o8l cbls 3ol 5 Soly5 05,5 slyakend =¥

15 o Bsils (L 3ol 5 el 05,8 5Lkl Y

Yvv


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.2.5
https://agrobreedjournal.ir/article-1-155-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-07-15 ]

[ DOR: 20.1001.1.15625540.1389.12.4.2.5 ]

VWAL Ol oF o leis c(..ﬂujl).: RIS 4"()\,11 oo r}k« Al>.u"

(aj‘)( bl 3 6J—>‘U6J¢o—~ﬂ‘m—£}~\—f.¢aﬂ‘ & o]
aslsl g Las caioy ses 31 OT Ol alsl gl
Good and Zaplachiniski, ) 5> 3% r.hl 5 sk J»LAT
3 ST OLS 5 510LalE 4 bie ol (ol - (1994
Pl Olday S 5l ol LS e oslitwl Sdas
s edimed 1o 5 6 50k 5 Coenl 51 OLS 5 o
.(Parakas et al., 2002) Lol o b5 0 mwgs b
SR ks s s e olas e 5,158 51 Sy
Sl e S 4 S e gle Shay S Sis
53 bl 4 5 e Gl s W 5d g0 4 2 ool
ol pydm bl (o RIS 2 e 3L
Jshos 53 Jsdome sla Slydn ST Ol e 21 53]
.(Khanna-Chopra, 1999) L& dal &=
AU Lo ey sb 4 (2 S odn Slgs 58
A G e by b a5 ST 05 S
DS 5 o 0,8 o 15 (S sl D550
oy s 53 ksl 1ol 5 b yun 5 7 sle JT
A OAE el St 5 5 e 2
o Sis i 5 b o (Flagella et al., 1995)
5 iy Lo 53 Jploue 2l Bl 5, VL e
Ol 1S (el fomuily ol 58l 4 s
Sy gt 33 355 o aalS (3L U= b glde Sole
S e Gl Uy lons pH 5, YL
358 o sl jlas ole plu l mi O e
5 e 35 40 35 O S G (Grattan and Grieve, 1999)
Sliios (2L 5 2155 OLS 53 O3 s oS ol
o Seis i Lyl s s el s £ O 50 (654 5
S pobe opl jleslinal & Cud asta o
OLalE oS5 58 (S hs oS 2 oS 5 5 ik
ol Ol Jl (gl ax b g atdls |y 56 o méw
Aghei ) o) pw ST das o ialS 1, s
L 69y pis o bl o) » y> (Sarbarzeh, 1995
d;i;owf,\_;?pé.:s-«{‘)&aéuubu
OU(J{JB“(%UJ&@J*’JL%)W

YVA

-

400

aes sdaze gla (25 L3 diy b s 0lE
PCIRN % P P -+ B I N RPN Y-S ¥
Sl 51 alE G 8 iy do e 5 Canle Ol js
asls LgT s, Slas 5 o plio iy o (S sline
o e ) (Sie s (Heidari, 2006)4 5L
s 5 &S Gblia y3 o saas 4o ool OBLE
3 gn 35S 0lS Wiy ralS ladijs, OLd atw e
0593 dsb Fals 5 4ls 055 5 s p3Y (6 50
DLalS 1 (Scis S 5 e Sl s s O

.(Reddy et al., 2004) .|
G S g3 108 56 el 1 S
ool bl G b ) g L1HLS Ol el
YKL (Vazan, 2000) Sl Jobs S il 4l
S s S 5,135 (Flagella et al., 1995) Ol )LSKas
J';;_ﬂnjzé&}_ﬁljfsriwwd)b@&aw
L (ol s s 53 CO, il L 0, 1 )
&S o3l a,05 3 gmm s (M) Jbs IS il o
N el L0l Bl (o 35 IS il o6 1kl
LY s el 5o 03 0L s oo 535S 5 Shas
Sl oLl (Reddy er al., 2004) das oLis
LS o ge  Sis i (Vazan, 2000) Ol
;j_lbudus_"._;yj‘))(Fv/pm)dnj_b\;JJ_{lA&
3 ST il 5 Sl o8 e 55 o 5 st
oS o1 ol (51 e gon 5l S Ol gins M2
A VU glales a0 Cueslie 5 Sis Lol b S
Gla sl gl 68 Latls o5 Ll s o 4 &
u}_grfsx:éjf&uj.p Sladlas ST s ails 5 Shas

.(Flagella et al., 1995) &
Sl 55l 5 OlalE ¢ (S 25 L bl ol
o LS g5l ol 51 (G s eslinl il


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.2.5
https://agrobreedjournal.ir/article-1-155-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-07-15 ]

[ DOR: 20.1001.1.15625540.1389.12.4.2.5 ]

"o J"’L‘-’L_s‘:‘LLJ}L"‘) s;-ﬁ;ln

55450 S glr &S S a Gl ol as oo Sl Bl 55
o by (Balaad JelS7 (sla STk b B s 5o Sl dsoms DU gy GleST ) Sl st
dals O ey St lasled s S 1l 1SS S 33 Sy 5K 5 5550 AT g
ot ol LW sy s ples s <o) S ool Slo oS (ko WS s e s S
Oy ko 53 (LT adad 5 (W2) (2l dl o Lyl 5 53 013 KT oL s ol ol Ll
b Jous mhan V5 Jol sle O sie 4 (W5) 4l el 03 g (St S
((b3) 35 c(ba) (535 6(br) paT 3 mme oS Lslie
(be) 1Ka+55, «(bs) ;Kua+ T «(by) 59,5+ T b 995 9 3lge
A s o ele Olsie 4 (b)) 5K+, + 0T e y50 53 WAD AP oly5 dlw s SholeT o
Seslial Osd Sles b3 ol ys it 4 S Js o il (65,5 iS 0uS a5y SLdios
oo Ll 5 A b 8 55 5 e oS ol aids Y4 5 a3 PV oLl Job L (ansoly)
=S S Cosal s oS 4 pele Sl elS 28 5 Sl ards ¥ a0 Lol s o e (B0
32l o e s 5y S i Jlesl b o b g 23 8 Lol L s oo 1 e FAV ¢ Lis
25 S a5 Jlesl S i as s b dls s 5 Pl Lo e e e #F dilaie UL Sl
St e ale o ol 55 5l AAE dl o a3 ¥ 5V 5 an OT v glas STl
o eLesl 5l 5 695 053 OT 5 OT elS™ s L &;;,r;yugk&uww;\p\ﬁgu
W3 anlal d game Doy g 4 )l s ol o o a2 Sl ol ) (e Dl
o,,;Q,_w,»,w,gca;umouﬁbfﬁ eSo Jsd o Cals i s aaleT Jowe oSl
il alsl Cosls 0l B g ol 0 &1

S el ¥r b i Gas 53 hleiT Jows ST pland 5 (S35 Sl goas - U
Tablel. Physical and chemical properties of soil (0-30cm)

Sl il o ) oY B I O = BN TY

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

s %) 4o s (mgkg') o S, 1508 Ja pH  EC(dS.m")

Sandy loam 41 32 27 3.1 4.1 2.2 185 12 6.3 7.4 1.8
s s el b sl 5 S s LT oslizal 35 e T 013 KT 035 ¢ laT cal )3
YO Sl ooyl e 31 035 5 555 ST glad FERU JEVSIE GV LY U F PEEVPICHE g
oS S Yo e 4y i 58 ESG 3 0 S S ploil (S 25 Jlest 51 2 (S 2 A 5 F ol e

. . . T E. . & - 5
@wgbﬁj&jQwﬁy@)\)&)b @H‘j}&»cdj)fpuwbvd}bu%.w
b O e nlty Dl g e 31 p S ASTY 0 Ol G T OS5 e ONS (g, OIS Sl s 5
(Bl Sy g ESG) do o a3 0525 35S Fo bl oLl Hn b eslizul Hla 53 ¥ Ol
AwﬁJbrﬂ&.}g;ﬂFd>f)bfﬁ&. Q;Q)HAJMWMJ‘J?‘JMJA
A Sl ey ol g b sLas S 5 (S O s 3l o3kl L OLalE (2alejTop55 b s 5
va


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.2.5
https://agrobreedjournal.ir/article-1-155-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-07-15 ]

[ DOR: 20.1001.1.15625540.1389.12.4.2.5 ]

VWAL Ol oF o leis c(..ﬂujl).: RIS 4"()\,11 oo r}k« Al>.u"

48 das e 0L s oyl ol 0k 1)1 Y Ul
Ol 3, Shes o gl e S0 S 25 Jles!
HSG a3 a8 LT jlcmal wils ols SoksT
5ol gla s Ladils i 5 aAE ol e
P S 50 S ,E e S s Sles ol
Sl o S0le amslin gy Sslize ol e ol 51 S
Gyls 0> Oy Al e ys S A5 S sls Ol
el 03 55 013, SLST il 5, Shae 1 56 o 2i
o e ool 53 a0ls 5, Shes 2alS Ol (¥ Jguts)
aS 35 Ao YF/Y 5ds dals Hles 4o S
5 Shes JialS b5 51 s gae 5o golT Ll
0393 Jsb LS 4 Ol oot o ) o
5,5 oLal LacS 1 )35 S 5 Ladils 0As
(Whitfield et al., 1989)
= ele 3 e ool S L5l s
S olie leslinal aS 43 8 et e O e
2 (Sl Latl (S 5 5 3 s D) gmas 5 e
O Gl ime sl an STess e ails 3 Shes
A odns (3 an oS ol plsl 535 Slas Ol
o ol aS Sl o s Shes O bl oY Jsus)
OV 1 s L5 O e 3 e Oy s
Lol s 530y ol L. dsin) 55 T (S5
LS iy ol e 31 ST e s (S i s
Eel O man oS obie dlla s 05y 5 (A US)
Y Jads) Ls ails 5 Shas 53 (g3 gme Ol s
35 o odaliie S S5 534S kil en
100/8 Kl b (Aali Hles s 5353) Wibs jles
ol L (als 0ds s alo e 5 53500 Wibs ey
5 e GLIS S e e 3 ¢S FRIY
OHLSer 5 O g s dn g asils 5, Shas o ;58
AT 5 s ;K% &S Ws S Ol (Wilson et al., 1982)
3 75 a8 U5 ged o3l LT o ls s sz g
2T 5 anT 5 s (J5ST5m 05l (g5 15T

)Jl)&bu@ﬁrﬂé‘ytﬁj&b%ﬁyﬁw

YA+

ole dwl V0 55 CilS Sldes . uls slsl ST
PO Gmese L aS a5 5do 93 05l L8 YA
G ¥ S e skl 28 8 bl Cs L el
b Casy o alolh 5 2asle YO s sy g, bl
PRI PP NN IR S =P Y.L
a5 S5 QLS (ST o a3 s s ) el
gmfﬁ\,;.xuoquqﬁjzaﬁeii
235 8 055l g sty 4 3 5 ale
3 8das i Sl 2 S ey 3l e 3 0095 0L
J_:,.ai_i,gcsbéuuw@ugby@m
..uuw\aﬁ;);,abjcf

Jasl 5L o 51 ey 5 ST plasil (b 5o
2o s Slhda g S slie ( S gla)les
Ldd (6 S o3Il Bl ane 5 SSS o 50l
Aol 5 J STl ealinnl U Jplose sl jidn 5 S
Sleslizwl U ods - 5 (Schlegel, 1956) & 5l 5
sLesl > (Bates ef al., 1973) 01, 5 720 s,
5350 0l Jlasl Jol Kot jlas S 2l dl> o
e ey Sis Hlas &S Sy do e 51l
Ol e s (6,8 o311 055 0 Jlasl s ils O
e Jba IS o Sleslizl L &8 b5 IS
oKz Ly |5 IS uilw, s 5 (SPAD) s>
Plant stress meter ) s Odd (g S5l
e Jf (L?d\ (Biomontor AB, Effeltrich, Germany
33 Vi G S oslianl Uz b o158 ST
(35 o (5,8 o301 T b5 IS Oln oS S
o 3l eslial Uy ol slaesls 2 S 5y 5o
O35 ol 2 L 5 85los alin 5 4 525 SAS 131
U 15 sa5 s 81 w23y plowil (ST (gl il i
A3 8 63l EXCEL 4sb 5 gl

I W L
415 8 Whos — A
23 @l Oliw Wbyl 4 e s


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.2.5
https://agrobreedjournal.ir/article-1-155-fa.html

[ Downloaded from agrobreedjournal .ir on 2025-07-15 ]

[ DOR: 20.1001.1.15625540.1389.12.4.2.5 ]

"o J"’L‘-’L_s‘:‘LLJ}L"‘) s;-ﬁ;ln

335 o s S IS
85 A8 Oljn o i (B Jsbms slasles o 5o
+ 695 b (=Ka+ ) bs slajles ay by o
ba sl o by OT (2085 S0 bs 5 (5
e Se = loay o (s
Dbes 53 (Miw) 55 Jd s JS7 uiln s b Olon o 2
Gy e +69) b 3 OT o =S 5 (8T by
55 eel (Marschner, 1995) il .(F J5er) LT
03,5 Jsd 52,586 ST S Ol o 4 (555 pis oS
23 e 5T ol e s 0 3T

w\)a..u)\;ut_a@::jﬁ,;;b.\?aﬁ;rgﬁw
e 53 i 5 S5 IS Ol e osﬁrfc_igdaiuﬂ
855 o 53 &S paie pl B 4 Al S 0 S5
il azils LU ylo,ll ol SIbss

i pgh ek Y 5¥ gl S s Sl
Ll o3 868 oy 457 0o ol Bl sl (SCis
Ol a0 55 oot 4 f S50 ()
J3 5 o5l 575 s 2l S L s il
otz 351 ol o (35 IS (il g6 O e 21 30)
= (Yordanov et al., 2003) 1,en 5 Cails 9 b3
polie (Sish 4 Cod (6305 4 B Y (g5 pllss i
) 02 0 S Ll e Ll g o (St el
mlfpﬂki\,\_(;\,,o_l\)tc;}_.zswstw
By 0393 39 ST b, 8 Ol e 2 5 0k

o B ey s oS ol B sl
S Jia S e IR Lol (oS 5 5 S D se
oS Ll s b I el g Ol PaLS
5 28 St
Slsle OLS 5 =& (Marschner, 1995)
Fim Ol LS Lol OT 5508 005 by &S
7K B sloen G2lT ol 53350 o Jbs IS
93 s Siis il Ol S ealj ds
S 5 J—85 18 Ol g sls Jial ST Iy ad>
5 % Jeds IS sde s sls (a3 1, 0T gl S

35 PR P o E O

YAN

5 e as s, S els! (Marschner, 1995) ;% )l
5 Mg IS ol 5 LSS S o9 0 pole
ol O 05y (opoled s g S (S e
0 by e OLaE s als 5, Shae il 55 43 e
2l La o 5T C s ole Sl plaS a2
i o yn Sl (VU S0 Cde o il oyl
La o8 1 ol&a 355 (5 L ol pon oS Laails 05
s e asils 5 Shes Ol e p 2aS 035
0555 YU as O35 on |y ad o ol yo S 2
2o alie 5o o o8 ) o 3l 53 oy 5 il
.(?JQ)J‘}MJ’-‘;&

2 S99 07 Ol 9 Jd9 5 ilusght -0

SR ST sl 0L L el el 4 s
Jolite ;515 Ot oS e (B goun o S
il s fe J35 IS sde ool g S0 T
(Y Jgdem) dils Ols LT oLE o8 1 s, IS
03 Sis i a8 sl 0l Slie ke 4 s
Sl O Al e 55 5 o 2 glyls AUE d>
AV s B ST il g Ol e o2 ST 1l
5 als 04 p o oy by 0 8y J55 JST Ol
(¥ Jsd) 3 dals jlas 4 bg e 0T o a8

S35 ( Zhao et al., 2007) o,Ln 5 4515
335 Jbs IS Olsn ol sl (5550 oS s S
Comlas o by e psdse )58 o OV 5 oS
23 J=8s S A s R s i Sl o)
O, 5 SlslaT- 5 by 50 folis 55 il o5,
O s sl 31 (Murillo-Amadot et al., 2002)
O A0 e i L sl 55 0 8 S
ab\_(‘..a”\_?ﬂ.v\;;;j)u_?\,w,_;
SN i S s S ui)l}? (Anjum et al., 2003)
LT a5 o0 sz 55 S5 IS ISl ol ol Eesl,
o e (S A5 g oLS )3 4S5 a0 S0l
ol Lel 358 (o b IS Olie 2alS
e Rl Lol ¢ b g0l 1B e s A


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.2.5
https://agrobreedjournal.ir/article-1-155-fa.html

[ Downloaded from agrobreedjournal.ir on 2025-07-15 ]

[ DOR: 20.1001.1.15625540.1389.12.4.2.5 ]

\YAQ Ql:.wa) g e)l.«.:v 4(.}’:)'\33 -ll> g"[)‘j_v“ ‘56‘)) C}LG 41?;&"

¢S rolie (Bl e 5 (Sis 15 Glaslas 53 s s B ST oIE olie Ol ¢ 3o AT il s ¢ e Jibs IS suts il 3 Shes il ol 4 2 =Y et
Q\:).ﬁ;_\:ﬂ BERE RV

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 89 7 S5 AT s JS by s e by IS a0 wls 5 Slas
S.0.V ek e d.f Carbohydrate Proline Mn Zn Fe Fv/Fm SPAD Grain yield
(MS)  Slas o il
Replication IS 2 0.05 70.2 281.6 2223 1149.7 0.002 1.6 2352
Water stress Sas s 2 269" 132.8” 1687.9"  54797.97  7368.4" 0.02" 149" 5398.5"
Error a Call sl 4 0.3 26.2 1235.1 10643.7 672.2 0.0007 0.76 764.9
Micronutrient AT 6 1.67 128.17 1180.3"  19880.2""  11491.9” 0.0053" 13.3" 525.2
sl S 12 1.8" 21627 796.1 15261.8"  16024.8™ 0.0057" 7.04 1185.77
Water stressxMicronutrient
Error b o sl 36 0.2 21.1 473.4 3393.8 1460.2 0.0017 1.27 428
CV (%) Sl S 4.2 12 7.24 7.09 10.4 5.8 7.5 19.5
ns: Non-significat S5 sxe 8 NS
* and **: Significant at 5% and 1% probability levels, respectively Loy &S5 5 g el s 55 ls an o 5 4 ey %
TAY
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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

Sty S oAsn fa %) ool s > Shee
Carbohydrate Proline Mn Zn Fe Jos S Gulayss e Jd, S sue Grain yield
Treatment b7 gla,les (ug Glucose.g' FW) (umol.g”'. FW) mgkg'. DW Fv/Fm SPAD value @m™)
Water stress St A
Control (A5 0gb) dalis 10.1¢ 38.6b 310.7 a 770.1b  3874a 0.71b 14.1b 126.1 a
I 2 S 3 1242 4352 29692 821.9b 354.6b 0.75a 154a 97.3b
Water stress at flowering
i 0kl 3 i 5 11.1b 39.9 ab 29392 8722a  3554b 0.69b 15.62a 953 b
Water stress at grain filling
Foliar micronutrient application O e oS pols 5L J s
Fe AT 11.4 ab 39.7dc 291.9bc 786.1b  377.6ab 0.74a 14.4b 115.5a
Zn ) 11.52 ab 45.7a 315.5a 798.3b  412.6a 0.72a 13.1c 104.4a
Mn o 11.3 ab 42 .9abc 298.2abc  795.7b  385.5ab 0.73a 15.9a 112.4a
Fet+Zn Sostoal 10.4c 36.5d 311.1ab 792.4b  315.9¢ 0.72a 1470 97.8a
Fe+Mn FCORRN 11.1b 36.55d 285.2¢ 797.5b  321.3c 0.715a 16.4a 106.2a
Zn+Mn Kariss, 11.2ab 44.56ab 291.9bc 884.3a 360.9b 0.67b 16.2a 94.1a
Fe+Zn+Mn S tgarronl 11.66a 38.68dc 309.1ab 895.2a 386.9ab 0.71a 14.2ab 108.6a

.JJ)JJ&):@#Q,L&JMﬁ@JM:—lCL):Ji}\:‘slA;»\:_\.'.?Q‘,»)'TJLJJ{‘MJWQ,FL;UBS&LhﬁQQPJA):
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
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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
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* 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., 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, FetZn, Fe+tMn, 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

Received: April, 2009 Accepted: January, 2010

1- Former MSc student, The University of Zabol, Zabol, Iran

2-Assistant Prof., The University of Zabol, Zabol,Iran(Corresponding author) (Email: haydari2005@yahoo.com)
3- Associate Prof., The University of Zabol, Zabol, Iran

Y4y


https://dor.isc.ac/dor/20.1001.1.15625540.1389.12.4.2.5
https://agrobreedjournal.ir/article-1-155-fa.html
http://www.tcpdf.org

