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The effects of Ascophyllum nodosum extract on the stimulation of
germination indices in chickpea (Cicer arietinum) under drought stress

Raheleh Ahmadpour?, Azam Salimi?, Haniyeh Zeidi?, Nezam Armand* and Saeed Reza

Hosseinzadeh®
!Department of Biology, Faculty of Sciences, Behbahan Khatam Alanbia University of Technology, Khuzestan,Iran;
2Department of Plant Sciences , Faculty of Biological Sciences, Kharazmi University, Tehran, Iran; *Department of
Biology, Faculty of Sciences, Lorestan University, Khoramabad, Iran
Corresponding author: Nezam Armand, Armand@bkatu.ac.ir

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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Sampele SO pH FA P Ca K Fe Relative Organic
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(ds m*) o (g/ce) )
S o jlas 13 9.2 10.5 1 0.18 16.9 0.5 25 1.28 15
Seaweed
extract
(Gl sl patlh Sl Ly, =Y Jgoer
Table 2. Computational relationships of germination indices.
oylads ol slee oslaul 3 50 cL.a
Number Index Equation Refrences
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Germination percent

@ Sialsr o
Germination speed

&) Silsz 4y

Germination vigor GV
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Seed vigor index SV

_ GPxmean(PL+RL)

GP%=Z%X100

(Agrawal, 1991)

GS=3x
tl
_ GRxmean(PL + RL) (ISTA, 2009)
100
(ISTA, 2009)

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.

Azdiy; sl arady) gl drdiy) SA3 0 azady, Job il S22 05 azals Jsb oo gl
Radicle diameter Radicle area  Radicle dry weight Radicle Plumule dry weight Plumule &lT SOV
length length
df
Mean Square Sl S0k
0.0005** 0.016** 0.051** 6.787** 0.017** 4.872%* 3 Sl 0 jlas
Seaweed
extract
0.0001** 0.001** 0.001** 0.168** 0.0006** 0.138** 3 Ses
Drought
stress
0.0002** 0.0003 " 0.0003** 0.016** 0.0004 ™ 0.007™ 9 %o ylas
xExtract
Stress
0.0001 0.00001 0.0001 0.019 0.00003 0.009 32 ShalesT sl
Eror
11.69 9.02 7.94 8.15 7.50 6.81 - Dl i s
(/)
CcVv

.M-)Jb_}\JL&}'CEM)JJ‘J@MJJIJ@M}%;A{

* %% NS
B ¢

ms, "™ non-significant and significant at 5 and 1% probability levels, respectively.

(Sl o slae Caliine = o 53 3555 s Gl sl el Sile alie —0 J9uar
Table 5. Mean Comparison of chickpea germination indices at different levels of seaweed extract.

Azl yh arady) gl azals Job Azl S22 ) azaile Jobo Silez e $i%lez 2oy Lo
Radicle diameter Radicle area  Seedling length Plumule dry Plumule length Germination Germination Treatm
(mm) (mm?) (cm) weight (cm) speed percent ents
(9) [STSSEREY) )
b, > 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 3.108 a 1.072 bc 1.382a 1.076 b 48.87b 1.5%
0.014 ab 0.144 a 3.189a 1.077 ab 1.435a 1.185a 53.14 ab 2.5%
0.016 a 0.148 a 3.28la 1.079a 1.481a 1.261a 65.95 a 3.5%

I (6l ime Nl ST (shatalsdir 05057 Gillas LBl o oS ke O3 0SS (sl JBldo 4T o la o Kle g a3
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 ) 4zl Jsb $i0lez e Si¥lyz ey Lo
Radicle diameter Radicle area Seedling Plumule dry Plumule Germination Germination percent Treatment
(mm) (mm?) length weight length speed ) s

(cm) (@ (cm) (STSBERED)
i ses/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 ¢ 1.281¢c 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

LI gl gme (oD ;S;'l: Glaalsds 05057 Blas Asl e oS ke O3 S shls Sl & &hdﬁpl:a O g 2 5
The means with one same letter in each column are not significantly differences according to Duncan's test.

(S 2y S ojlas Gl sl 3T o 3 i ey sy 5 S50l slaat s ke anlie Y Jgur
Table 7. Mean Comparison of chickpea germination characteristics at different levels of seaweed extract and drought

stress.
Azady; SAS () azady) Job Fran p s kT s ey astls Sl o, Sl oslas/a s
Radicle dry weight Radicle length Consumed endosperm  Seed vigor index Germination vigor ~ Treatments/ seaweed
@ (cm) (@ extract
S i os/Non stress
231° 4.16° 0.044 3.043° 0.065 « 0
2.58° 4.68 2 0.055° 3.690° 0.074 ™ 1.5%
2.56° 472% 0.060° 4b 0.083 ® 2.5%
2.66 2 4.85? 0.066 ® 45472 0.091¢ 3.5%
I & - ¥/ -0.3 MP
1.96¢ 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 ¢ 2.553 ¢ 0.048 © 2.5%
2.224¢ 3.94 ¢ 0.045 ¢ 2.690 ¢ 0.053¢ 3.5%
IS Ea /5] -0.6 MP
1.241 2.46f 0.018 ¢ 0.980¢ 0.022 9 0
1.291 254f 0.019 1.010 0.025 fon 1.5%
1.28' 260f 0.019 ¢ 1.213 1 0.027 T 2.5%
1.32h 2.66f 0.021 ¢ 1.343F 0.033f 3.5%
IS & /4] 0.9 MP
0.600 ™ 0.98" 0.009 ¢ 0.123" 0.0057 0
0.946' 1519 0.014 ¢ 0.193" 0.0071 1.5%
0.986 ¢ 1629 0.013 0.213" 0.009 2.5%
0.996 ¢ 1.66°9 0.015° 0.246 " 0.011 Mii 3.5%

Sist 15 gy donl 5 i odaliie (s gme sy K0S

T bl 4 S oS S 1) axady ) Sk Ol op i

LI (6l ime Bl ST (ghatalsdkir 0 5a5T Gillas LBl o oS e O3 0SS (sl Jild 4T ol Kls g b s
The means with one same letter in each column are not significantly differences according to Duncan's test.
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ST 3 (o iledle 5 ods 448 (s J6 ST Lo
Zhang ) & ls (e 5T & 2 6l 558655 Olgie 4) olasdism
Godaze Slllas 3 gdae Lwole , osde (& Ervin, 2004
Glosg  seSls  ojlas & Cwl eas EHIF
(S| s alE glaoge,e I & (Phaeophyceae)
LUl b S sz (Craigie, 2011) daws iS sw 5 o 05
~WT 5T ledl 5 5 55 (Johe ol (131 L s
I o> 5 Lo Rl Bl 4 e il g n ST DT
spmge ST 5 o Kos b 1 (Craigie, 2011) 55 8
Ly S8 b ol CS carpe (Shr sl
mst S il b il (et sz dl) sl
5ok 4 el s LUl 4 a5 L (David, 2010) s ;&
ol I 05 o ol S Jib b Sl 8
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(Faroog et al., 2007) wab ails 23 Siale sl
sl &l o3litul odiasOlis & Sl (g al)ly (B ae p T
Ahmadpour et ) col ;4 55 odd 0,55 lde slse Sl el
oS, BB Ll el 4l Sol 4 g L@l 2016
o ol 4 oDl b Gy b I (oS 5l se el et 4 4
LT oled 4 Gl min o fage o J5H10 sl 03
s las s Gy p s oK s (Kafi et al., 2005)
ST s 55 & dd edalie SiS 25 4 ples 5 pslis
o6t 2l s 4 (UL /8 5 -9 YL S
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Lo
Aoy i Glogas R (Fidle> o S bl
o Sl bl o ege S dy (Gialer DHM 5 Ce e
Gl 53 Dlo past ol (RIS edh O pesme 5l LS
e Sl ol 5 Slae 5 ddy B 4 e S
Zakaria et ) s s o 58 (slaks, e ¢S sloul 5 bamals
opl 4T Wlesls Olis aie) opl 3 sdxie Sllles (@l 2009
SGpsb s B (Sis A 4 Jems b5l s Slie
5 Sl Dok (Gl Lo e (Galr Aoss b glasd
G il 3 ((Sis 5 s 5 YL L an el
Lshgn Bre Feslie pb)l Ol e 4y g A Hlsy 5 5 A5 (6
(Kalefetoglu et al., 2009; Ahmadpour et al., 2016)
2 2T Jeily J2alS b S50l Al e ys (Sis 55 S
Ok e patle el 0T Wby 8 Sl eles A e
R IO I ST PR W T PRIV UM JPs o e sk T
G Ozl 5 5 (Sspds Sl 2T L ol e
m s Al Sl 53 o el G T-WT o g @) lag 5T
s Jlse 1) ody Sk 5 (SSdpsd el s
LS el 55 » swon <SS s (Rahbarian et al., 2012)
)@MjngL;}M\Mb?dulflfﬁ.L&o&w:ﬁ
e s @l GIE L Sl araly m A Gl psY Ok S
Hosseinzadeh et ) s55 o Siale doys 5 Lo 2alS
b peits LLI o 4ty el 5 il &) .(al., 2016
S o3 5 il o cazads; Jsb sl Uk
Syl g Hd s Lesla Jials ol (ISTA, 2009) s
"t S O e 4 Sl 1) (S A5 e s el
5 arale Jsb (il Loy 5 S o gae Ra 4 Ol
b e adllae pl S 5l Cod o law ol 53 axaly) b
Kafi et al., 2005; Rahbarian et al., ) oliiss ;Lo ol
b il L a5l 0lis (2012; Ahmadpour et al., 2016
S5l b eyl (e =4 b - r ) S i
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