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The effects of Ascophyllum nodosum extract on the stimulation of
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Abstract. In this study, the effects of seaweed extract (Ascophyllum nodosum) on seed germination stimulation and
growth indices in chickpea were studied. A factorial experiment was performed on the basis of a completely
randomized design with 3 replications. Treatments consisted of seaweed extract at four levels (0, 1.5, 2.5 and 3.5%) and
drought stress at four levels (0, -0.3, -0.6 and -0.9 MP) .Drought stress was induced by PEG 6000. Results showed that
drought stress at -0.6 and -0.9 MP reduced the germination traits significantly compared with the controls. Seaweed
extract at 2.5 and 3.5% resulted in a significant increase in the germination percentage (+18%, +24%), germination rate
(+15%, +20%), seedling length (+13.3%, +15.7%), radicle area (+10.4%, +12.8%), radicle diameter (+14.2%, +25%),
plumule length (+14%, +16.6%) and plumule dry weight (+10.3%, +12.6%). Under non-stress and -0.3 MP, seaweed
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extract levels at 2.5 and 3.5% could significantly increase the germination vigor, seed vigor index, consumed
endosperm, radicle length and radicle dry weight. The application of seaweed extract at 3.5% improved the germination
vigor, seed vigor index and radicle dry weight under -0.6 MP conditions. It also improved the consumed endosperm,
length and radicle dry weight in samples affected by -0.9 MP conditions. According to the results, the use of seaweed
extract (Ascophyllum nodosum) in the seed germination of beans is recommended for the reduction of the negative

effects of drought stress.
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Table 1. Some properties of Ascophyllum nodosum seaweed extract.
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Table 2. Computational relationships of germination indices.
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N
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Seed vigor index SV =

100
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n= The whole seed germinated, ni= The number of germinated seeds at a given time interval, ti= Number of days after starting germination, N=

Number of sown seeds, PL= Plumule length, RL= Radicle length.
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Table 3. Analysis of variance of chickpea germination parameters at different levels of seaweed extract under drought

stress.
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Table 4. Analysis of variance of chickpea seedling growth indices at different levels of seaweed extract under drought stress.
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Radicle diameter Radicle area  Radicle dry weight Radicle Plumule dry weight Plumule sy SOV
length length
df
Mean Square Sla e S0k
0.0005** 0.016** 0.051** 6.787** 0.017** 4.872%* 3 Sl 65l
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Table 5. Mean Comparison of chickpea germination indices at different levels of seaweed extract.
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Radicle diameter Radicle area  Seedling length Plumule dry Plumule length Germination Germination Treatm
(mm) (mm?) (cm) weight (cm) speed percent ents
(@ [STSSEREY) &)
by > o Lac/ Seaweed extract
0.012b 0.129b 2.765b 1.069 ¢ 1.234b 1.009 b 43.77 ¢ 0
0.013 ab 0.140 ab 3.108a 1.072 be 1.382a 1.076 b 48.87b 1.5%
0.014 ab 0.144a 3.189a 1.077 ab 1.435a 1.185a 53.14 ab 2.5%
0.016 a 0.148a 3.281a 1.079a 148la 1.261a 65.95a 3.5%
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The means with one same letter in each column are not significantly differences according to Duncan's test.
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Table 6. Mean Comparison of chickpea germination indices at different levels of drought stress.

Az, sl arady, ghe  azels Job Azl a2 ) azals Jsb $i0lez e Si¥lyz ey Lo
Radicle diameter Radicle area Seedling Plumule dry Plumule Germination Germination percent Treatment
(mm) (mm2) length weight length speed ) s

(cm) (@ (cm) (STSBEUEY)
i3 sws/Drought stress
0.020 a 0.208 a 4.606 a 0.115a 2.076a 1.715a 82.65a 0
0.016 b 0.180 b 3.724b 0.095 b 1.613b 1.256 b 63.18 b -0.3 MP
0.011c 0.107 ¢ 3.568 ¢ 0.056 ¢ 1.281c 1.023¢ 4431c -0.6 MP
0.008 ¢ 0.066 d 1.446d 0.032d 0.561 d 0.537d 12.59d -0.9 MP
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The means with one same letter in each column are not significantly differences according to Duncan's test.
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Table 7. Mean Comparison of chickpea germination characteristics at different levels of seaweed extract and drought
stress.
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Radicle dry weight Radicle length Consumed endosperm  Seed vigor index Germination vigor ~ Treatments/ seaweed
@ (cm) (@ extract

S i os/Non stress

231° 416" 0.044 ¢ 3.043¢ 0.065 0

258° 468° 0.055°" 3.690° 0.074 ™ 1.5%
2.56°" 472% 0.060 ° 4b 0.083® 2.5%
2.66° 485° 0.066 45472 0.091 2 3.5%

I & - ¥/ -0.3 MP

1.969 3.45¢ 0.030¢ 1.857 ¢ 0.039 ¢ 0

2.08° 3.69¢ 0.034 ¢ 2.350 ¢ 0.044 ¢ 1.5%
2.17°¢ 381 0.043° 25531 0.048 © 2.5%
2221 3.94 % 0.045° 2.690¢ 0.0531 3.5%

IS Ee -5/ -0.6 MP

1.24] 246" 0.018 ¢ 0.980¢ 0.022 9" 0

129 254f 0.019 1.010 0.025 & 1.5%
1.281 260f 0.019°¢ 1.2131 0.027 2.5%
1.32" 266 0.021°¢ 1.343" 0.033f 3.5%

IS Ea—r/4/ -0.9 MP

0.600 ™ 0.98" 0.009 9 0.123" 0.0051 0

0.946' 1.51¢9 0.014 0.193" 0.0071 1.5%
0.986 ¢ 1.629 0.013 7 0.213" 0.009 U 2.5%
0.996 1.66°9 0.015° 0.246" 0.011 M 3.5%

LI (6l ime Nl ST (shatalsdir 05057 Gollas Ll o oS e 5 0SS (sl il 4T ol Kls g b s
The means with one same letter in each column are not significantly differences according to Duncan's test.

(i A Opy dasl b A sdalie ()l e 3l KU 2 oS das e 0L S (0 ) SIS Sl e L
Cob o 4 i & B 1y ety B Olpe g it 805 b awlie 53 LKL < /85— /8 2 an 5y S

(8 Jgd) Cbls oyls gme (I3l L awslie 5o Lol Ad axaly )y Jhd s jae falS Co e C}b‘”

212/%\Y



Ahmadpour et al. The effect of A. nodosum extract on germination in chickpea

3555 J) wlg> » A NOAOSUM o,lac 36 o)), Sen 5 5000

Fe) O pas o5 gMe ol ki SLS 5 zil> L (NOdosum
2 e v (Mg Ca K N) G yze s 5 (Mn CU Zn
5 boe Gjanl Joudly AT L) 5 Ol s (g janl ol
ST 3 (o iledle 5 ods 448 (s J6 ST Lo
Zhang ) 1> (e 5T & 2 6l 558655 Olgie 4) olasdism
Godaze Sldlas 3 gdae Lwole , osde (& Ervin, 2004
Glosg  sbeSls  ojlas &l eas EIF
(S| s alE glaoge,e I & (Phaeophyceae)
LUl b S 2w (Craigie, 2011) daws iS sw 5 o 505
~WT 5T Gledl 5 5 55 (Johe ol (131 L s
Il o> 5 s Rl Bl 4 e il g e ST DT
spmge ST s 0w Kos b 1 (Craigie, 2011) 55 8
Ly S Gl ol CS carpe (Shr ojlas
mst S il b il (et sz dl) sl
5ok 4 el s LUl 4 a5 L (David, 2010) s ;&
o I 05 o ol S Job b Sl 8
Sl ojlas slasles 53 apal Jgb 1B L 5 sl
Sheslizal 457 Ui otalie anlllas ¢ 53 sl olite ) 3 ) 50
GRIF e ok b U 4 (S slelas
Sl 5 (5581 Dl 5 Ly cheo33) G54l s Dlo st
SLS 5 Rl 1) e Oliie cpl s DT by 5 WT 0 5T
las 3,8 L ST ST Wb 5 Gdae pole ¢ Gsny s
536 3T WT (Ghannad et al., 2017) x5 8 ol Sl
Sl 3 A58 Lo ) 5 shaT (6 555U (slacily 4 Jluail b ool
Sy 3 350 6551 el s i 4 s (DL (slaydy o
(Faroog et al., 2007) wab ails 23 Siale sl
slom! &l o3litul odiasilis & Sl (g )y (B e p s T
Ahmadpour et ) col ;4 55 odd 0,55 lde slse Sl el
GaeS B Ll el ale Sol 4 g L@l 2016
o ol 4 oSl b Gy b I (g HE 5l se el et 4 4
LT olad & Gl min o fage o J5H13 sl 103
s las s Gy p s oK s (Kafi et al., 2005)
ST sl 55 & dd sdalie SiS 25 4 ples 5 pslis
ol dos 2l s 4 (UL /8 5 -9 YL S

Jmfrﬁ).dgfm%@,,?éum)ﬂgc@jmﬁ

Lo
Aoy i Slogas R (Fidlex o S bl
s Sl bl o ege S dy (Gi8ler DHM 5 Ce
Gl 53 Dls past l GRIE g edd O pesme 5d CiS
e Sl ol 5 Slae 5 ddy (R 4 e Sis
Zakaria et ) s s o 58 (slaks, e ¢S sloul 5 bamals
opl 4T Wlesls Olas aie) opl 3 sdxie Sllles (@l, 2009
SGpsb s g8 (Sis A 4 Jems b5l s Slie
5 Sl Dok (Gl Lo e Galr Aess b glasd
G il 3 (S 5 s s YL L an el
Lshgn Bre Feslie pb)l Ol e 4y g A Hls) 5 A5 (6
(Kalefetoglu et al., 2009; Ahmadpour et al., 2016)
2 2T Jeily J2alS b S50l Al e s (Sis 25 S
Ok e petle el 0T Wby 8 Sl eles A s
R IO I ST PR W T PRIV UM JPs o e sk T
G Ozl 5 5 (Sspds Syl 2T L ol e
m e Al Sl 53 o al G T-WT o s @) lag 5T
s Jlse 1) ody Sk 5 (SSdasd el s
oS Pl 55 » swon <SS s (Rahbarian et al., 2012)
)@MjngL;}M\Mb?dulflfﬁ.L&o&w:ﬁ
e s @l GIE L Sl araly m 2l piY Ol S
Hosseinzadeh et ) s5i o Siale doys 5 Lo 2alS
b peits LLI 5 4t el 5 il )6 .(al., 2016
S Ae)3 5 il Co e cazads; Jsb sl Uk
Syl g od s el Jials ol (ISTA, 2009) s
"t S O e 4 Sl 1) (S 5 e s Gl
5 arale Jsb (il Loy 5 S o gae a4 Ol
b e adllas pl S 5l Cod o ol 53 axaly, sk
Kafi et al., 2005; Rahbarian et al., ) oliiss ;Lo mls
s il L a5l 0lis (2012; Ahmadpour et al., 2016
S5l b eyl (L& =4 b -y ) (S i
Sy (Gl e (il Aoy Jold ey 34
e Do 4 (Ppan p sl 5 od an (el (Giale
Ascophyllum ) b5 ¢S sjlas b o 2ol 5yl

213/7\Y


https://en.wikipedia.org/wiki/Phaeophyceae

Nova Biologica Reperta 6(2): 206-216 (2019)

o il Kt 03y bsgms Il o
JGsl 5 olde slse oS oS 5 (Ahmadpour et al., 2016)
S 035 A ol s (e e 4 4 S slge pl S
Bibi et ) ol (K 23) ol T la Jousily 53 4l
Oldi>s 55 355w 5 Ly (3, p» alie SlWs s @l 2009
S5l s 1) ekl oSas Ojs e RS Cle
Wals o arale b oan, was a6 Ses
I s (Rahbarian et al., 2012; Armand et al., 2015)
A0) (Sl oslas #gau 53 araile S Oy aIH S
sl Jsb I BIL 0I5ty andlas cpl 53 (A3 ¥/0 5Y/0
S35 2t Sl o5kas 3,8 Lol a3 o s ol 53 aalS
@iy Glagerls b gan (NI G w5 L Glasd
S a5 ardile (s 0] wrady) 5 g ble Jb L
33 3 AE Geosess S LS GIE Olie
SRIB s el Jale (S s 5 ST (Sl slaelae
Ramarajan et ) dzus asald ¢Sist 055 5 Job Liy ls sne

.(al., 2012; Kord Firouzjai et al., 2012
Slapldil 5l |5 azaly; iy b fad o Sy S yulol
2 S5 gl 5l 8w 55 5 eks ool LA 51 s
Slie ol B8 S e ST S
$Sis 05 5 b e e (b s 6585
D5 Jamie pByl 0 5 g 3 (omle Slaskas et
Mensah et al., 2006; Ahmadpour et al., ) wib o Sis
3 350 ST 03 g0d gl s 51 IS8 sl Ly (2016
5 S5 d ST 3 el a e Ss 35 bl 554
L) Rl L ol 53 sl ol S edd S5l S ke
ol olan daly) mhe oy oaraly, oSS 0jy crad)
5o omies sl Law g Cllae o1 .(Ahmadpour et al., 2016)
Khalid et al., 2001; Gamze et al., ) <l ots 3|5
Gl yo Wl Hlas Ol uw ( Sas 25 Ll 2 5 (2005
b aS (o sbar )13 gl 28 OT Jsb Ay (88 5 ) oty
Sl y S sk o535 55 35 g0 (S gu T 35S
eSis osle S 5 Gob M (Sadiann s end 3 5 el
> » (Hosseinzadeh et al., 2016) s 55 s 5 uoee a3als

Ol axraly) i) Slwses [l Cle 55 Oliies

OV Y-8V Y b)led & alr « ajpsle 1o (35 sloasily

by U= ojlae (Rahbarian et al., 2012) <sl
-4 20 e 5T s 5151 L (Ascophyllum nodosum)
o g s Gl 4 e T s 5 T 03 5 p s 9T 08
s > 5 (Kumar & Sahoo, 2011) 53 & o ol mbe &
— ek (81 6531 el s late 4 p e sl 31 (g S ge il
gy cpl Sl 5o & b SR s, 5 Gl sl
Hosseinzadeh et ) 558 o (3 ae p sl (2l 31 Cor e
.(al., 2016

L b b e (gl pslSe AL b dad o (S (S Sl sy
FB T 35a8 & il do o )3 il 5 oalS Jb
Suis A5 Ll s oS gk Wl el s 6l e
Foe dadge O0ds b 5 bl Jl T s ol 1 (&
35 Ssm0sh 3 2ME Sl M5 J e o)l ms Gl a s S
Lshor arlpn Jlsgme a8 L e amy Gl U
el 555 2 adlas & 5 (Hosseinzadeh et al., 2016)
ol GEs s ealS 5 ardle Jgb pals e 5 g olS
(555 50) & 25 5o 4 (@ME ol go JUS 20l ¢ (St 23
WT) 0iS” 4 25 glags 3T 0s U b VL glacds 5o 5
Ly gl 3L e @M slse Jiml 5 W5 pde (M 1
albs oul el (Rahbarian et al., 2012) az 218 Job
Ascophyllum ) b5 ¢S oylas 31 aslizal o8 sls Ola
ardile 5 aalS Job di ) s gme il il 4 se (NOdOSUM
6l 23w 53 Ascophyllum nodosum ¢Sl (0 Jgus) i
i ol s3ma (S 9) S (B pm o3 sl (sl
(S s 5 eS| A Gl sessn Sl G i
Jannin et ) waws Sdse jole 5 blda s S JT gladl
LS 5 S ol oylas (gl s T 5 s @l 2013
ok 0 b ol pan it 6,8 Day S5 53 35 e
v s bl Jannin et al,, 2013) Wi ol Al
5 ST ohsn (AE Gbiseypn 5 gdie pole YL pslia
131 Ascophyllum nodosum ¢S s )las 55 S st
ol 3 s 4055 s 4 5 i (glasd il 5 wnalS b
Ramarajanetal., ) cul s i b6 ST Cdle 5 LS 5
5 Cdte Sted axdle Job i) 5 it osle pes (2012
rdle Jb alpl Soba il Kb @Y e

214/¥\¥



Ahmadpour et al. The effect of A. nodosum extract on germination in chickpea

3555 J) wlg> » A NOAOSUM o,lac 36 o)), Sen 5 5000

S 5 il
(s 3l 5n a5 D1l e Dls guast b (ol 53 $SUl 5 jlae

(Cails AE sy glaediS (B3 5 oS5, Sl
o oGl Ay B Glie s IGI e se
il J b camaty ) a8 caraly s o vl Usb o S50l
osbas 3 oslial Oss o b gl )3 araile oSas 0)5

— /8 g —4/F —/¥) C}k.w @LJ D) ;<...>'” — S gl :_i.b- >
2 g a5 Slio oS Sls g (2 Cor g (IS
23 op s Sl ojlaas 38 Ll w25 Oy Ll b awslie
ool (Gl DB s pme il 4 e Loy YO clu
5 A araty) oSS 055 5 sk o Baae pimesdT GL a
2 Sl dr g 4 a5 b s B ) AU e DI el
b S ojlas 5, S Gl gl iy s s

Ssg 03 g s S s (Ascophyllum nodosum)

oalS Clte Hl il 5 i) Sl guast ¢ il Sl ol
.;J;ogdbﬂ;ﬂlﬁ\@@)xfl@lwﬁ

O
2 Gl szt b e Y Gl s oKl

Jﬁ@@leb.“j)ﬁw‘d‘J"

REFERENCES

Agrawal, R.L. 1991. Seed technology. Oxford and IBH
Publishing. 658 pp.

Ahmadpour, R., Armand, N., Hosseinzadeh, S.R and
Chashiani, S. 2016. Selection drought tolerant
cultivars of lentil (Lens culinaris Medik.) by
measuring germination parameters. — Iranian J. Seed
Sci. Res. 3: 75-88.

Amiri, H., Ismaili, A. and Hosseinzadeh, S.R. 2017.
Influence of vermicompost fertilizer and water deficit
stress on morpho-physiological features of chickpea
(Cicer arietinum L. cv. karaj). — Compost Sci. Utili.
25: 152-165.

Armand, N., Amiri, H. and Ismaili, A. 2015. Effect of
methanol on germination characteristics of bean
(Phaseolus vulgaris L. cv. Sadry) under drought stress
condition. — J. Puls. Res. 6: 42-53.

Bibi N., Hamed, A. and Ali, H. 2009. Water stress induced
variations in protein profiles of germinating cotyledons
from seedlings of chickpea genotypes. — Pakistan J. Bot.
41: 731-736.

Caffagni, D.E., Camargo, E., Casali, C.A., Lombardi, A.T.
and Lima, M.LS. 2015. Coupling microalgal cultures
with hydroponics: Prospection for clean biotechnology
processes. — J. Algal. Biomass. Util. 6: 88-94.

JUsl s el SKis 5 Ll s s 1y (Lede 5 g o 550)
s p sl 5l gdie DUST S e s L o
Rahbarian et al., 2012; Armand et al., ) x5 " 0l s
35 aws b ol Wb s .2015; Ahmadpour et al., 2016

S i 8 glapeilSe b sdalie 0uE (G55 uleST
2Bl e prm sme & baad 1T JEl 5 ole sl
s B arady) oSiS 0y 5 e (b e el
i A5 48 313 Ol G Dlalllas b geas Jhas cpl ol
Sty b s e Sl pas Sl ime 1S e
Oh 3 ol ekl 3 (S A5 4 Caglie slas sl
OT Wiy b ol agrady & glo,td olE slge i ol
sl esls ui3l (Fabian et al., 2008) 555 sguoe
b oaraly) o g kS b (b o8 Sl araly; 5480
5 Saghy 5 olS (515 e 4 0T s il p Sl @ w5
ol S ol gl (ST ESGST ST s s ge ol ol
Sy &Sl s b Gkl 5 55 lld see o
5o b8 sl i 55 S skiles (Ahmadpour et al., 2016)
b S
- b gdae ole (YU sl Ascophyllum nodosum

olas bl e Jloedd oLl

s 4455 53 &7 Lol P GLossn 5 s kS L
5 e Jsb s Gk Sl s ol BB OLLS (sl
Ojs Jagme ShIBl g (S 5 Lald s ey
Zhang & Ervin, 2004; Ramarajan ) > s s axas , ¢Sist
S|y 45 s ol b g 535 p le3T s (et al., 2012
-l el s gae Sl Ca e (Sl ojlas L sy,
Ramarajan et al., ) Wi bale i) bl 5 o)
EUBE S o)l s g LS 5 uii (2012
= S 55 cppege )| & ol 3LadT (Ascophyllum nodosum)
—drw g il sl a)lﬁgouslajj);wﬁjéu
s ks g S ojlas 3l eslizal il el g
Couw S 53 O e D31 2alS 4 et Wil 0 (Sis
(Zodape, 2001) 35 5 Job di, [l 5 Johe o))y 0As
L;,ud;u,w;&&a,wsbtsowww@t@u
53 OT 3l oslizul 5 5,05 axao) b s e i) sla il

L«»\_;J?}A)L:w Lo 3 Y0 4 Y/0 C}Ja.w

215/Y10



Nova Biologica Reperta 6(2): 206-216 (2019)

Craigie, J.S. 2011. Seaweed extract stimuliation in plant
science and agriculture. — J. Appl. Phycol. 23: 371-393.

David, C. 2010. The effect of gibberellins (GA; and GA)
and ethanol on seed germination of Rosa eglanteria and
Rosa glauca. — Plant Growth Regul. 41: 1-10.

Fabian, A., Jager, K. and Barnabas, B. 2008. Effects of
drought and combined drought and heat stress on
germination ability and seminal root growth of wheat
(Triticum aestivum L.) seedlings. — Acta Bio. Szege. 52:
157-159.

Faroog, M., Basra S.M. and Ahmad, A.N. 2007. Imporoving
the performance of transplanted rice by seed priming. —
Plant Growth Regul. 51: 129-137.

Gamze, O.K.U., Mehmet Demir, K.A.Y. and Mehmet,
AT.A. 2005. Effects of salt and drought stresses on
germination and seedling growth of pea (Pisum sativum
L.). — Turkish J. Agri. 29: 237-242.

Ghannad, R., Akbari, F. and Madadkar Haghjou, M. 2017.
Effect of blue-green and green algae Spirulina,
Chlorella, Dunaliella and minerals on the stimulation of
metabolic and biochemical processes of germination in
Dracocephalum kotschyi Boiss. Seeds. — Nova Biol.
Reperta 3: 295-307.

Gunes, A., Cicek, N., Inal, A., Alpaslan, M., Eraslan, F.,
Guneri, E. and Guzelordu, T. 2006. Genotypic response
of chickpea (Cicer arietinum L.) cultivars to drought
stress implemented at pre-and post anthesis stages and its
relations with nutrient uptake and efficiency. — Plant Soil
Environ. 52: 868-876.

Halmer, P. 2000. Commercial seed treatment technology.
In: Black, M. and Bewley, J. D (Eds.) Seed technology
and its biological basis. — Sheffield Academic Press,
Sheffield, 257-286.

Hosseinzadeh, S.R., Amiri, H. and Ismaili, A. 2016. Effect
of vermicompost extract on germination characteristics
of chickpea (Cicer arietinum L.) under drought stress. —
J. Plant Res. 29: 589-598.

ISTA: International Seed Testing Association. 2009.
International rules for seed testing. — Seed Sci. Tech. 49:
86-41.

Jannin, L., Arkoun, M., Etienne, P., Laine, P., Goux, D. and
Garnica, M. 2013. Brassica napus growth is promoted
by Ascophyllum nodosum. Seaweed extract. microarray
analysis and physiological characterization of N, C, and
S metabolisms. — Plant Growth Regul. 32: 31-52.

Kafi, M., Nezami, A., Hosaini, H. and Masomi A. 2005.
Physiological effects of drought stress by polyethylene

OV Y-8V Y b)led & alr « ajpsle 1o (35 sloasily

glycol on germination of lentil (Lens culinaris Medik.)
genotypes. — Iranian J. Crops Res. 3: 69-80.

Kalefetoglu Macar, T., Turan, O. and Ekmekci, Y. 20009.
Effect of water deficit induced by PEG and NaCl on
Chickpea (Cicer arietinum L.) cultivars and lines at early
seedling stage. — J. Sci. 22: 5-14.

Khalid, M.N., Igbal, H.F., Tahir, A. and Ahmad, A.N. 2001.
Germination potential of chickpeas (Cicer arietinum L.)
under saline condition. — J. Bio Sci. 4: 395-396.

Kord Firouzjai, G., Habibi, H., Sodai Mashai, S. and
Fotoukian, M.H. 2012. The effect of foliar application of
fertilizers containing nutrients and growth stimulants on
the germination factors of rice. — J. Sci. Tech. 2: 1-10.

Kumar, G. and Sahoo, D. 2011. Effect of seaweed liquid
extract on growth and yield of Triticum aestivum var.
Pusa Gold. — J. Appl. Phyco. 23: 251-255.

Mensah, J.K., Obadoni, B.O., Eruotor, P.G. and Onome-
Irieguna, F. 2006. Simulated flooding and drought
effects on germination, growth and yield parameters of
sesame (Sesamum indicum L.). — Africian J. Bio. 5:
1249-1253.

Michael, B.E. and Kaufman, M.R. 1976. The osmotic
potential of polyethylenglycol-6000. — Plant Physiol. 51.:
914-916.

Rahbarian, R., Khavari-nejad, R., Ganjeali, A., Bagheri,
AR. and Najafi, F. 2012. Drought stress effect on
germination and seedling for drought tolerance in
chickpea genotypes (Cicer arietinum L.) under control
condition. — Iranian J. Crops Res. 10: 522-531.

Ramarajan, S., Joseph, L.H. and Ganthi, A.S. 2012. Effect
of seaweed liquid fertilizer on the germination and
pigment concentration of soybean. — J. Crop Sci. Tech.
1:1-5.

Zakaria, M.S., Ashraf, H.F. and Serag, E.Y. 2009. Direct
and residual effects of nitrogen fertilization, foliar
application of potassium and plant growth retardant on
Egyptian cotton growth, seed vyield, seed viability and
seedling vigor. — Acta Eco. Sci. 29: 116-123.

Zhang, X.E. and Ervin, H. 2008. Impact of seaweed extract-
based cytokinins and zeatin-riboside on creeping
bentgrass heat tolerance. — Crop Sci. 48: 364-370.

Zhang, X.Z. and Ervin, E.H. 2004. Cytokinin—containing
seaweed and humic acid extracts associated with
creeping bentgrass leaf cytokinins and drought
resistance. — Crop Sci. 44: 1737-1745.

Zodape, S.T. 2001. Seaweeds as a biofertilizer. — J. Sci.
Indust. Res. 60: 378-382.

*khkkikk

How to cite this article:
Ahmadpour, R., Salimi, A., Zeidi, H., Armand, N. and Hosseinzadeh. S.R. 2019. The effects of Ascophyllum nodosum
extract on the stimulation of germination indices in chickpea (Cicer arietinum) under drought stress— Nova Biol.
Reperta 6: 206-216.

o 50l sl el ASCOPhYTIUM NOCOSUM ojlas 36 s AYAA Ly @305 omu § .0 el 3T 0 (Sl el ¢ gombes ¢ 3 ¢33 k021

YFNNE I asphe 53 o slaasl — . S 2 Ll 5 55 5 e ol

216/Y\#


http://profdoc.um.ac.ir/list-writer-R.%20Rahbarian.html
http://profdoc.um.ac.ir/list-writer-R.%20Khavari-nejad.html
http://profdoc.um.ac.ir/list-writer-Ali+Ganjeali.html
http://profdoc.um.ac.ir/list-writer-Abdolreza+Bagheri.html
http://profdoc.um.ac.ir/list-writer-F.%20Najafi.html

