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Effect of Arbuscular mycorrhizal on yield, yield components and plant characteristics of

sunflower (Helianthus annuus L.) under drought stress conditions
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Table 1. Analysis of variance for plant characteristics under drought stress and mycorrhiza inoculation in sunflower
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S.0.V Juecpas RN Seed o o ey s Percentage 1000 Seed
5 yield No. Total 0. of No. of filled  of unfilled weight
@3l seeds.m” unfilled seeds. m™ seeds
df seeds. m™
Replication(R) IS 3 12.3* 0.0018™ 57.37* 14.4%** 49.1* 9376.7**
Water stress(w.s) of ks 2 3.6%* 5.82%* 5017.8%* 1.25™ 351.9™ 13742.9%*
Error, (o) glos 6 2.4 0.0084 12.59 1.2 71.274 280.1
Mycorrhiza 13255 2 53.2%* 0.099** 544.59** 86.3%* 13805.5** 332794.1%*
Mycorrhiza x Water stress T 5 % 555 4 3.2%* 0.122%%* 36.14%* 1.5™ 37.34 * 849.9"™
Error, () sl 18 2.1 0.0128 11.24 1.3 9.1 327.7
Sl kS g g 3.1 4.97 6.06 5.1 8.02 14.1
C. V(%) (02 55) Ol i oo 20
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ns: Non- significant
* % significant at 5% and 1% probability levels, respectively
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Continue Table 1. Analysis of variance for Plant characteristics under drought stress and mycorrhiza inoculation in sunflower
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Jls gme o118
Lo 3 S g b sk 53 1y (oo o3 5 4 e 5
ns: Non- significant
* ** significant at 5% and 1% probability levels, respectively


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.2.4.6
https://agrobreedjournal.ir/article-1-210-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1388.11.2.4.6 ]

CObl Tejlatipanil

loomn 9 dd) Ol Rl 3l an mte IS OL e
Sl sl Colds rals o8, OT
(Dixon, et al., ) 5> 5b s LIl i b Ol s
L g lia )3 45 5l 0Lt Lo 50 s ie 1994
3 I L o3 T 0SB L sk il DL
il (g ey 4l 3 Shes (g 50 o555 w5
e Ls 0l ST s a8 ots 3,158 (Y i)
M\;MM«JBJJ.{MQ&J{C&“
Spi e aSls s, Shas )bl S ol

(Shabana, 1974; Fereres et al., 1986; Alza, 1995)
3 okt o (il A S e 0l ST 5
5o 13 3 Shee 5 58l o GBI YL &5 el s L
Aoy 70 ade o 3 aS Ay o S 4 Sla)
ALY S e et LS Ol
oL (Y Jgds) La Kk dulae . (Merrien, 1992)
5 s sl 55 5155 58 6 55 53 e 4S5l
:,ﬁwcéﬁu)sc@fr:ﬁ)aéfﬁ«}bﬂ.w
e Ol gLeT b Sl asls iy 059 5 s,
3238 Lok il QLS o L 5 s 5l
aM:QQL&J@L&peMJ@mobLﬁ)m}s
O A8 i s b sdalin (653 me DS
T OLALE 5 58 o 3n S Lok el OlalE
M,;jefﬁu;;\,wkqau.p@w)nm
s i edalin ()l xe (bl Ml ST
=l QLS 3 wls 5 Shas 5ot S5 Ol 0l
‘au@bouﬁpwuﬁp&ﬁw,ﬁﬁpam
S0 ) i e ST Jsd) 3 g iy b
3 B il San s Shee 6l 15 50 il
L K TP BN R PR C N
Sl 53 il ol 4 Oliises pLw gla amil U
Gl >l Sy il b1y, Sles
Marschner and ) (§5; 5 s €039, ¢ joud ol
ol i3580 5 (Dell, 1994; Clark and Zeto, 2000

2yl e ity sl wga s T

"ol e e
Jolize Sl 51 Sl e (Y J3ds) LaT ot
S 5y 18 a0 S S
LSL“G)L;@—‘} e R s alS g
Oy Ll eSOl Esly (6350 B 135 S
Q0 PN SRS, Y ¥ W Y (O | B |
OLalE 55 T oS 25 Ll b 53 &8 o sl
Cond s b alio 53 ol el 18 5 0l 55
M dsda) sl el S Oy M o LT
150055 Smte ST odns 0Lt 5 LT ol
oS 5T ol Ll s Cod di) Sl pet s
od—as QLS 0 Oladsy sl @‘_:S ey t.s—fT
Ll 5 S (gl 5 St osle 5 by il 8
ol 03,53 OBLE Lo 3 O gllae (LT 5 ST 25
.( Azcon et al., 1996; Khalvati et al., 2005; Wu and
b te 1l oS Sl oz il F (Xiia, 2006;
3 e €053, ¢ pd ol e Sy 5 5 )
Marschner and Dell, 1994;Clark and Zeto,) (53,
(Faber et al., Casalaya T Olo 2ol 531 (2000
Bryla and) a i, r.ﬂj_?jdj_l; el 531¢1991)
— Sl ‘}i)}-{:‘ (& c:ils 13 (Duniway, 1997
A_l:-fQT):ASQ\:Ji{L:éTng_AJ A—l’fu'.’.J—:
el S|y WS 5 558 e s 3 Shes Ol a0
o= 03 eds,lnl Jele a3 s g ol ol
3 gl g 451D :JSL..:— sealS el al> s
(Chimenti and Hall1992; Connor and Sadras, 1992;
Jelaze ol 5 u:il.:a 4ws2s (Cantagallo et al., 1997
sl byl b 4y Sl (15 Lyl 3 55 6 15 DL
o ol (6 phe 68T 15,58 (LT
T AT e 5 5515, 5K 65 53 o s s
ol e LT Dt &5 gl el ki)
Vil g5 b n ol 48T (F Jgo) otls 5 g
Lfou@_zxdu,ug,gqf_.zﬁgi_?m
Sl o3ls 0L 4 8 plonil Oladlla bl 1325 5
oL 55 15058 Aol 0 T o 581 48


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.2.4.6
https://agrobreedjournal.ir/article-1-210-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1388.11.2.4.6 ]

Cnes S NS TS S

O e 3 ilie 4™ il 01 KT il 5 Shae s
T S Ll Sy el oS s 5 T
.(Vranceanu, 1970; Shabana, 1974; .\.ib_é_n J:.aal_f
Slallles il G;_L:J (Kesteloot, et al., 1985)
53 015 KT gy Ol jme 457 Wsls OLad
Oljms 5 fal S S i gl i 5
.(Shabana, 1974; ol e o8l asls 359 o
Fereres et al., 1986; Alza, 1995)
e Ly T i e 1 S i
u;;)&w,ﬂk,,&&uu;dﬂ;ow
e ST Gk glag5) o ols KT
G D O3 a5 53 6 (65 5b ezl s
L dmglin 53 ago o sn 8 Lot il OLaLS
3,Nes 5 ails s Shas i 51 09 o3n S 15 S
Cils 5 5om g (G)ls mme LT OVl S g5
DLaLE o 25 05 Ll b s 4SS LY U )
$ledts el OLaLE 5 30 308 Lokt il
Lol (il 5 52 (6515 e Ml (gLl L
3 Shas o il QLS & o ok il OLE
o dal s s A (g i gy 9 4als
5 asls oSt O ey eashs :ng.«.o ‘gsz{"{
dgn o sl 055 415558 b odd il DS
Lyl 5 556 Gosb 4oy b ot il OIS S
DLALS L okt el QLS o (Lo ys #4) OT 25
5l es il OLALS s ioman 5 oS il
0355 oLS s 3500k 5, 3 Shas cails > Shee
Lbls 3 g9 ols e oleT Lozl alls l5n
S 5505 (86 s Shas il 31 5l 0L ks
0355 LgT alls 158 055 5 (S 9 Oljas L2alS el il

R
o5 L ol T o5 blise 81 e 4 i

c:itdut:?&:qf\‘&:l:dw (Ao yaAr) T
Mt 0l il OLALS 5 g gn sn S L ok
casls 5 Shes Lal (il 5 5mm 5 (g ls  ae gLl

j\L;JLﬁTC}.E_MOﬁ«S:\AQLiJLAﬁL:AwLEA
Ol KT 5, Shee gl 55, Shae o 30U b
3 e 5 Bl 35 (6l (ime (LT M
S 03 slas Sl 5 ol 5, Slas o maS
R oo Slad g e 2 53,8 YYV/A)
a0 (YJsd) daT iy (0 3 5 VP AA)
gl gl o SU L OT S ) o
NPTETIE SPUNTNIFRE SO
w&l:yjjéjw):ﬁw5lk\cél::ﬁw
(Fereres et al., 1986) OI,Len 5 3, (5,0 .55
6l 5 Shas JralS ol Sis 25 a5 Lol olis
‘\S-\_&O‘Jﬁu.‘i‘\_ﬂiuﬁ 350 Sla LS 435 (LA.?)J
Wl 035 La alls 09 5 4l sluss J2alS 0T &le
LS 0L s b il T 5 wls sl j2als e
A el La adls (S5 Ao s 58 5 b
Sl 5 Gb s s sluws el G b 51 OT s s
RS s 8 s 5 Sles el sl 5
L s by 25 5155 0l ST il 5, Slae
6 0Kty s 65T oS slles
Unger, 1992; Karimzade asl, ) C—wl ol ui)lj'f
Syl J}lfﬁwTv_fu:;_:;,ﬁg.(emz., 2003
o8 e 5 Ol 0l ST s
J=l 0o 2T 25 BN sl palS (ST
3;‘?}_3:\J_a5uia\j¢_olius'c) el_:fu_.':.ilj
oald LS Colg 53 5 LT e O
o 5> (Merrien, 1992) 555 e &S 1 o
3 sl ol e LS s Ses Ol (rss
S s gas oyl S (Baldini, et al., 1998) ol LSes
S Eel A5 O a4 e ST oS 25
o305 Olis Siladlan L5 i = Q\sji.l:é'lr 4l ngl.«.ﬁ
olﬁaw&nﬁw&\fjlu|aojjdw\
B OT Ol 50 Cosd i a0 S el 5 Shas
(Fereres et al., 1986) ’r:fo—‘ ol al_:f e
23 e sl Sliws 31,805 (S b s @l sl


https://dor.isc.ac/dor/20.1001.1.15625540.1388.11.2.4.6
https://agrobreedjournal.ir/article-1-210-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-20 ]

[ DOR: 20.1001.1.15625540.1388.11.2.4.6 ]

SOkl eyle aanjl "ol s sk

055 b el 5 T 25 dasl 5 53 0l ST sl Dlio (ke aglin =Y 5o

Table 2. Mean comparison of plant characteristics under drought stress and mycorrhiza inoculation in sunflower

Loy
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. o 1000 E e e . S .
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) ) No. of seed Wight ) LAI ) )
gm” total seed.m™ ) of unfilled seed (g.m™) cm (g.m™) percentage filled seed.m”
. unfilled seed. m" (2)
mycorrhiza 15555
G.mosseae wgp pon S 176.8a 5616a 132¢ 49.7a 2.4b 539.1a 2.72a 108.6a 77.1a 43.2a 5448a
G. hoi o kS 161.3ab 5391a 141bc 43.3ab 2.6b 522.3b 2.58b 101.1b 68.0ab 42.9a 5220ab
No inoculation =ik Os 151.3b 5337a 219a 39.5b 4.3a 473.9¢ 2.48c 93.1c 66.3b 42.8a 5118b
Drought Stress S i
Well irrigated (1) S Ok 237.8a 5951a 85¢ 59.2a 1.4c 686.8a 3.4a 126.1a 109.4a 46a 5866a
irrigate.60% water depl. (2 K 5 LT
gale o P S EE s 53120 1776 40.69b 3.4b 49320 2.6b 97.1b 60.1b 42.2b 5195b
oslizal bl osb,y ds s Pt
Irrigate. 80% water depl. (3 i 5 LT
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Effect of Arbuscular mycorrhizal on yield, yield components and plant characteristics

of sunflower (Helianthus annuus L.) under drought stress conditions

J amshidil, E., A. Ghalavandz, A. Salehi3, M. Javad Zare®
and A. R. Jamshidi’

ABSTRACT
Jamshidi, E. A. Ghalavnd, A. Salahi, M. G. Zare and A. R. Jamshidi. 2009. Effect of Arbuscular mycorrhizal on
yield, yield components and plant characteristics of sunflower (Helianthus annuus L.) under drought stress

conditions. Iranian Journal of Crop Sciences. 11 (1):136-150 (In Persian).

Water stress is one of the most important factors limiting growth and production of field crops in arid and semi-
arid regions. One approach to increase drought tolerance in crop plants is through the symbiotic effect of the
arbescular mycorrhizal (AM) fungi.. Water deficit stress is typical to semi arid environments and most of the
crop plants are affected by drought, during the flowering-grain filling periods . To study the symbiotic effect of
the arbescular mycorrhizal (AM) fungi On drought tolerance and some plant characteristics in sunflower, a field
experiment was conducted in split plot arrangements using randomized complete blocks with four replications at
the Research Field of Tarbiat Moddres University, Tehran, Iran in 2006 cropping season. Three soil available
soil moisture contents ; 40%( wl), 60%( w2) and 80%( w3) were assigned to main plots and two mycorrhiza
species; Glomus mosseae, Glomus hoi and a non- inoculated tractment were randomized in sub- plots. Results
showed that the AM fungi species significantly affected all of measured plant traits, except 1000 seed weight,
number of total seed m™ , number of filled seed number per m™ and oil content. However, water stress affected
significantly all of measured traits. Water stress x mycorrhiza interaction was negligible on all studied traits
except on grain yield and number of unfilled seed per m? and oil yield. Results indicated that the highest and
lowest grain yield and dry matter was obtained in available soil moisture content of 80% and inoculation with
G. mosseae and non-inoculated treatrments with 1230 and 990 kg.ha™ of grain yield and 4400 and 3180 kg.ha™
of dry matter, respectivly. Results also revealed that different AM fungi species had significantly diffrent effect
on seed yield and root colonization under different soil moisture conditions. Seed yield and seed oil content were
higher in well-watered with mycorrhiza and without mycorrhiza . Micorrhiza species affected seed yield of
sunflower through their effect on seed weight and filled seed number m™ under well -watered and water stress

conditions.

Keywords: Arbescular mycorrhizal, Sunflower, Yield and yield components and Water stress.
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