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Effect of foliar application of seaweed Ascophyllum nodosum extract
on morpho-physiological characteristics of bean (Phaseolus vulgaris)
under water stress
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Abstract. Seaweed extract can improve the physicochemical properties of the soil and has afavorable effect on the plant growth
and development due to having high nutrient content, high water holding capacity, plant growth regulators and beneficia
microorganisms. The aim of this experiment was to investigate the effect of Ascophyllum nodosum extract, a brown aga, on the
morphophysiologica characterigtics of bean plant (Phaseolus vulgaris) under water stress. The experiment was performed in a
Completely Randomized Factorid Design with three replications. Experimental treatments included 4 concentrations of foliar
application of seaweed extract (0, 0.2, 0.4 and 0.6%) and 3 levels of water stressincluding no stress, mild stress and severe stress
(irrigation at 75, 50 and 25% of field capacity, respectively). The results showed that the interaction effects of stress and algdl
extract on the eval uated traits were not significant. However, the seaweed extract significantly increased the leaf area, number of
the leaves, lesf length, surface and length of the roots, root dry weight, the content of chlorophyll aand b and the total chlorophyll
content. Application of aga extract at levels of 0.2 and 0.4% caused a significant increase in the evaluated parameters as
compared with the control plants. The evaluation of water scarcity stress effects showed a significant reduction in the al studied
characterigtics in accordance with increasing water stress level from 75% to 25% of field capacity. The results of this study
showed that foliar application of seaweed extract significantly increased some morphological and photosynthetic properties,
while water stress significantly reduced the investigated parameters.

Key words. bean, growth traits, photosynthetic pigments, water stress

Recelved 29.04.2021/ Revised 18.12.2021/ Accepted 08.01.2022/ Published 20.03.2022 \ACAVERVER R VA SRVARVAV SRS SRWAL SRVELTAQURO W AR SRVER (RL BRI

61/%\


http://dx.doi.org/10.52547/nbr.9.1.61
https://dor.isc.ac/dor/20.1001.1.24236330.2022.9.1.6.6
https://nbr.khu.ac.ir/article-1-3464-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-29 |

[ DOR: 20.1001.1.24236330.2022.9.1.6.6 ]

[ DOI: 10.52547/nbr.9.1.61 ]

Armand et al. Effect of seaweed extract on bean under water stress

Olpre 4 (Sl it slaojlae i fwy Jalse 5l g,
ooliinl Suigle ds8 00 Dleogas Bl oyl
Sz sloelac (IS sk 4 (HAmer, 2000) sgi o
oely (o el Srany 5 sdie 2l ol gl
Ot 153y 1R e Bpan o5 (QI3E ol 5 msete opedS
Zhang & Ervin, 2008; ) aie 48y 4 3Xw
Gl 00ls lis Sladllas 51 S5 (Ahmadpour et al., 2019
@ e olS cuiS olid gl o Sy mali o
Caffagni et ) ssi oo ol oy Sloogas s xe il
(S 5 3B cge b T 5l solitul (poizen o @, 2015
, (Craigie, 2011) 05,5 o aiu, 0b, 5 oljads, S0
soasls Jlcme Gll )3 (Sulz ojlas 3,15 55 pass
Kumar & ) o)y 2 olS g0 Slas g goud, o gjails>
Ascophyllum =~ L s > slee,lae .(SEN0O, 2011
(oSt s ah, slayge,ee sls ks 4 nodosum
(S goSed i Koo aied)l SlaS 5 g (kS g
2 S g e 56 wllg oo el Il g gl
ansl adls oS a5 il Sleogas
.(Zhang & Ervin, 2008)

(55,98 2yl 5o (plend Slge B pan 3l Ay iz o
ol ple Sogdl alex 5l goomin oo Gy OIS
Sipdels e 20l 5 (55,5laS Y game coiS
slee,lac 5 b0 oSl cusl 03 )5l 3525 o ) oS>
ST 5 oS sl iRl (o ienlis laT 5l ol
sy ol Gae oS S (g5,5laS o g wiies leerd
lajlos e 3 (S el bt lse 5l gl DY gans
ojlas SISl () p gy (rl (ol Ban ogh o0 Cguine
Sleogas  piete » A nodosum oL, Sl>
@IeS G Lulys o (LasS 03)) Lugl oS Su5alsudd s
oolS jo Wiy oo (Sd> ojlas Ll 0gl asin a5 ol
sl Al i Sas a5 e ol

) g dlge
b ol SIS 50 B 5o oy 95516 90 & talesl
SEBI) oo S Lalid 0 YWYWAP Jlo ole dloym 0 1SS
Slse a4 Ao nodosum oL s Sl ojlac ol plil (0,
gl ¥ ols o5 0b 4S5 0y 350 Jale ol
wlyd Sl o jlac gy som> doys fF 5 F Y ao
Ol Cubs s <8, 51 YO/ ke | (BIOALGAX)
65 G Bl ol gy 9)5e el ragd S A

62/7Y

S i o Lug) 1 (sloged Sl ojlae b ) San 5 as )]

oo

rnte 5l So Phaseolus wulgaris ole oU L Loy
Ly ol sleis 4 (FabacEa®) LML 0,5 ) slo 4365
30 Slhapes S do 0 BF-OA 5 (pdign oy YY-VO ils
e @lbo 5 (S0 plgieay arwgi > 0 sloysiS 5l (gl
(Ahmadpour et a., 2019) 545 0wy LS ufig,
Sleogar b g 098 o0 SiS Lo julipw ;5 (85 455 )
oslaiwl g Baes B Al (g oS olly Hemen
sloplss oy DL 50 1) (oot M5 597 SY53 I e
(Armand et d., 2015) w5 o ! el);

eeliadbse Al 0atiSaags Jale (e (2l oS i
EORX avee 9 .)9.70 sL.JjJ )oJGJ UY}M oj..u ULQL»..?
D)0 & s o dond Bblie )0 55500 iS5l (gl
g 4 baas g5 o)ler Dygo 4wy 3blio 5 5 05l
S 0 oads 03 Cugb, 3l eolawl b g (oo AY) w0
bl o o (Parsa & Bagheri, 2008) o5 o plxil
Gl Sz o P el (e S Cush) geS
Sfles Zole o g (GBS o, (Sidassd Sleogas
Ahmadpour et a., 2016; Rahbarian et d., ) c.l oLS
rnte 5l ol vgeS 4T Ws,S 5)5 goumie Slalllas
ol 5o oo 5 (Soieln e 00 Sliogas Lals Jalse
(Rasti sani et al., 2014) 544 o0 Cgumno 4is5
PRI IL S PR T LR PRI PR WP NP TR A Y
).A-lﬁ-ﬂ) GDL,.M: u;u) uLLp » as U"‘ » 05)15 u] ojmf
ils 9 Sy olasd igy Sid g 5 59 « I Slaad gy glas
Soigdsnind Olio pwyls wad e 15U (ady, Sloogas
2l gt SalaS, & (e 4 el ke
Gl Sad 4 oS ulyd co leadeis) 5 g e Jds)ls
S olb,Sal, sl cplply (Amiri et d., 2017) ool o
4 e g odly als olS ol Sis i ke Ol S wilen
Syl odl Jlas @0 5 Jgazme ol

Sl g oy, @llE pop Vb (Sis 5 llyd s
Cwl 68 Gl e S ol g lbaselS
Sl ojlac il Jsl=e (HOsSEINZEdEN €t al., 2017)
So,28 )8 (6los S mha jo wilg oo a5 ol (60,0,5 LB,
Ol 5o 0gh a3 S S bazal S b, (SS19Ss dgue 9 05,


http://dx.doi.org/10.52547/nbr.9.1.61
https://dor.isc.ac/dor/20.1001.1.24236330.2022.9.1.6.6
https://nbr.khu.ac.ir/article-1-3464-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-29 |

[ DOR: 20.1001.1.24236330.2022.9.1.6.6 ]

[ DOI: 10.52547/nbr.9.1.61 ]

Nova Biologica Reperta 9(1): 61-69 (2022)

3ol 0,5 jhe Sy o8 813 gl FY. 4 £PY
1508 dwlre ¥ I gladlolen 3,k 5l a5

Chla=12/21(Asss)-2/ 79(Asa7) Y dolee
Chlp=21/21(As47)-5/1(Assa) Y aolre
Carotenoid=(1000A 470-1/8Chl 5-85/02Chlp)/198 ¥ aJsles
Chlt=Chly+ Chlp ¥ doleo

5l eolanwl b lacols (g,lel auso0 dlaosls Julow 5 4555
03931 5l BeSiles anglio (6l 5 0 ploxl MSTAT-C 133l
2 eoliwl (pP=0.05) Sils (glarsls ais

slgp plil oo gas
el (Sis i ool SIS o bools (ke dslie
=y Cud b a0 B g YO il zohaw a5 ol lis aig
O Lalpd b anslie )0 Sho cpl o gie a8 4 e
Ot a5 Gysbay b (o) Cudb s VO) A
9 ol oo Lalpd 4 e il PYIFY L Wiy glas)l ol
Cud b do 0 YO mhw 4 OY/PY L Chao cpl ol (eSS
5o osls (1 ls dslin (¥ Jouz) cils plaisl el
IF 5 1Y zohw a5 ol las obje Sid> o jlac colu il i
5 S oolaw o s LialiEl 4 e (Sl ojlac ws g0
3 Slogiae B ol Sl o las oy <fF g wall
O ok crm 50 () Jgaz) auid sdslive Cio (pl b bLS )|
Sad el L as ol las b Sl aslin mlbi Sis
sdlS (gl pre Dyao as Loyl 0 S oolaw S s
G S 4 S el (nfeS g G 456 5k Wb o
YO) dpads (il 5 (el codyb duoyo YO) (i ooy Lol i
awlie (¥ Jgoz) cuils plaisl (el cudb asye
slo plias B slaw p (Sad i esle @l 0 Sl
4 e (o)) Cad)b asye YO) wal (Ses i as
Al G el ple b awglie ;o M slass o Jxe ialS
3 b Sile anglie gl (V Jguz) cudlss 0g29 (510 Sxo
olid Loyl olS Sis 39 Sis i ool SISIL bl
Cad )b a0 YO 4 VO 5l (S s ol ial8l L as ols
4 el oo SRR 0lS KB (jg sl D)ge @ )5
Loy @ S (g Ol nteS 5 atie Seb
=y cad,b ao o YO g wals jled 4 p)5 - /FFY 4 VYEY

63/5Y

OF V)15 olad A b i pole 43 g (slaasily

G as ol cud b oo YO 500 YO 5l wog Ojle a5 oy
W8S 50 5 (e g mdbe el A (lgie 4 oS
“silesl glie  Galel ol 55 (gmyp 0550 slojlers ind
ws ol el Slids mli 5 Slode sl
Y osme obohlE Sl adlas onl s oisbes] slaasls
sl V0 g B e il VA sl)ls a5 S 6 SolS
 ond ags (1555 03 gl sloyiy b oS5 o ¢l
IR ERCVS WS & SRCRVAPUR A RN COWIN RCHTIV-ES LGN
Bl ciS GlalS e ssls adgl Sjalex a5 slagl 5 e
OB 52 )3 azalS sus dw 4 ad e 5l e LaazalS
boond JymS Ll ,o o, SEB1 o b lals .cély zals
A BlF gl azyo Ve YO codyp 4 ol g g9, sleo
Jlesl (G39 Cusb), woys bl (Sis 1 jles a8 S
Sl 9590 Caghy (68 el g o GIIS 0358 By 5l g 0
ol Lais culi jsb 4y ) 090 Jsbo 5o baplals Cush) (e
b laolols Lol .(Hosseinzadeh & Ahmadpour, 2018)
g SuBlo aalol (I ¥ al> o) Lagl sloyd (o) al> 5o Ll
S o5 ) (shalel slalers Billao LaglalS T 51 ey
Slao yiomiw jelate a4y il 0)90 (bl o wial gLl (!
@ly Olio wl SSE olS ady, Sl ale i (s,
Sleogar o3y pdaw g olowd (e slaws gy glasl Jols
pladl g ady) S ()39 d(ade p2> 9 yha3 haw o Jsb) 4y
@ bdgel S 5s e lp Wad g RpTell lea
g Wl Sad ol 5 il ax 0 VY el o cel TA Gos
1348 clo GT-300 Joo AND (5455 L lagT 59 (e
o Jols azy; Slio ol st o5 /o v ) S b o
WINRHIZO Pro V olSiws aluss ady, sz 5 ki
(Regent, Instruments Inc., o (5 ,.So;lusl bl oL
5 FoalS 4 Jate ;Sul 5l olKiws ) QC, Canada)
Sl ol (S el 00 LSzs WINRHIZO 33l 5
s ez b e Lo ) ke Slas a5 ol oyl
adoy Ol Sloolaiul b ) laads; Job ggaze g oe,5 Lo
WS oo dulore Hla5 550

5 At () 5l adea,l5 5 b lS Glime Gromiw sl
.Lichtenthaler & Wellburn, 1983) o eolizwl g
ool gl 55 AT il o La ¥ LS a8 /) Lzl
g0 Yoo o alds 0 Se 4y Jobo Jslxe e 5 5
Olie ol S 929y Jolons 232 e g 00D i Tl
Model SPEKOL ) jiegibg oSl lawgs 08935,15 ¢ by S
FYY slozse Jsb ,o (2000, Analyticiena, Germany


http://dx.doi.org/10.52547/nbr.9.1.61
https://dor.isc.ac/dor/20.1001.1.24236330.2022.9.1.6.6
https://nbr.khu.ac.ir/article-1-3464-en.html

[ Downloaded from nbr.khu.ac.ir on 2025-11-29 |

[ DOR: 20.1001.1.24236330.2022.9.1.6.6 ]

[ DOI: 10.52547/nbr.9.1.61 ]

Armand et al. Effect of seaweed extract on bean under water stress

(Y Jsoz)

3lasys I g Y Gyl b anslas jo doye o fF e
LA‘MM) S U)})L) ;»..xa u.,.mlf s o >_i~l> > O)La.c
s (F Jga) il ghlo pime ST dalls b annlie (o
039 &S aws ce oyl LS.J oS @it Fobw aslie I Jol>
doys B0 5 YO i rebaw 8l con Lugd oLS asy, Sas
o9t bl basslie )5 )b sme Sjgo a4 o)y bl
o 0 ools (1l alie (F Joo) col jials i
Oil8 boas ol lis ady, S8 oleS p eole &l
YO U ely; cud,b aoyo YO 5l iy 4 @TQS oS el
GRS Aty Sl (gl g Dge 4 (o) Cud)b wo o
Tobw (soled &S ol L Loy Silee duslie (F Jgaz) b o
ady) gl o Sl carse (Sul olas (LBL sl
O dmslie Ho (Y Jaaz) 00,8 o ald jled b annlie o
5 pdle SleS 5 45 ab eaalie 5 SleS A b
OolS Czge (o)) Cad,b aoyo YO 5 00 cud 5 a) wuad
GRS o kbl b asslie o ads) mhe g ez e
(¥ Jgaz) 05,5 o
S e gid g1

bys Sl ojlac ool Ol jo ool (Kl anslin
1Y) 2bye Sl o jlas (60,5 Zohw oles a5 ol lis
Sl gme ialdl aals b anlie )0 (sez> 2oy +fF 4 ¢/f
oS G5 sk w53 (0 Jsuz) 0 8 L)l (e 5o
(flyy cad,b oo ys YO) ol ‘_,;J,J s a5 0l odslice
o)lac (Lab Jeloe ool SIS qwyp 0 (F J59z) 905 o
9 oI Y J.cl..: o)La.c C?“a‘“’ LS"L"” aS o ousliwe é..b
2D U8l s e Gl 4 e ez doye ¢ fF
30 bHSle awlie (O Jguz) Bgd oo wald b anslis
) wdlo 5 90l (2l B 45 ol i SleS i gl
O bl b aslie jo (ol)y cudybb ao 0 00 5 VO i

S i o Lug) 1 (sloged Sl ojlae b ) San 5 as )]

b sl ool Sl jo (Y Jgaz) il plais
ol a5 ol Lt b Silee amlie «ulys Sl ojlas
(Sl oo a8 5 o8 1Y) 3l sl sl
o g b s 55 S gl Jsine G s
slwe s o Al 55 45 ojla 5L Jylone e
Jsuz) i saslive (5 )lo gine DS 55 (Sl ojlae 2L
¥ sz 55 UaeSilis anmlie (S5 45 esbe it 0 )
Syge 4 o) Cudilb s B0 9 YO zshaw aS ol las
als b oawlie ;o0 Sy mhe ol coge ghlo g
5i) S50 Jobo b Lo (slaosls oSiln mlin 53
olac 5l sz doys /Y g Y Gl jleg aS ol lid (
balie 01, Sp Jsb lbgme ©)jgo @ 2l Sl
O 00 oo imli8lojlas ez wo 0 fF g dali o jles
Golosire Dglds oylac I sezm> dop +/F g /Y ol
O (S 5 pshe o 5o () Jg92) ais easline
b e Gl e (nteS 5 GRS Ge slesd 0 (S e sk
Al oanlin (8l)) cud,b sy YO) wal i byls o
(Y Jsaz) cuils (g lo gome BB [ F0Ss 4 s a5
dil y Olo guas

by Sl ojlas L5 Jolore DIST )0 Lo Sihos an i
Ao, o IF g T V) il el palaw soled a5 oly lis
Sald b avalie jo ady) Job jlo cme (Rl 4 jomie (o>
(or oy <15 5 +IF (o IT) 5l Jolons ol o 208
O b e 00 (V) Jgaz) CuBlai ag2s (6 o gime S
G el adyy Jsb ol nteS 5 (e 3 oS
G5 g () cedib sy VB 15 e el &
dunlie ;o a5 cuils plas! (o)) cud )b ooy YO) was
anplie (F Joaz) atil il ome sles K0y L
S5 i 2 Salr ojbas ool S L Bl 43 b Sils
oyl | oz doys +IF 5 Y slajlog 4 ol les ady,
ol b b annlie jo ady; S35 )l g Gl cge

colys Sz olae 5 cou Lugd oLS 5 lid cd, Slis oSk alio ) Jgaor
Table 1. Mean Comparison of bean morphology indices at different levels of seaweed extract.

Leaf area Leaf length
Seaweed extract Number of |eaf (mmz) mm)
0 23.08b 401.3b 389.3b
0.2% 28.08 a 4733a 449.7 a
0.4% 2750a 456.6 a 449.4 a
0.6% 2350b 456.5a 379.6b
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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 2. Mean Comparison of bean morphology indices at different levels of water deficit stress.

Woater deficit stress Plant Number of Number of Shoot dry Leaf area Leaf length
height leaves pods per plant weight
Non-stress 67.44a 328la 1563a 1247 a 596.6 a 530.8a
Moderate stress 57.31b 28.13b 1.188a 0.920b 4305b 4199b
Severe stress 52.63 b 19.25¢ 0.625 b 0.467 ¢ 313.6¢ 334.8¢
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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 3. Mean Comparison of bean root indices at different levels of seaweed extract

Seaweed extract Root length Root dry weight Root area
0 25.83b 0.110b 1.092b
0.2% 3042a 0.140a 1135a
0.4% 3L75a 0.147a 1135a
0.6% 30.82a 0.111b 1141a
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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 4. Mean Comparison of bean root indices at different levels of water deficit stress.

Water deficit stress Root length Root dry weight Root area Root diameter  Root volume
Non-stress 33.%a 0211a 1163 a 0.079a 0.478a
Moderate stress 28.44Db 0.123b 1.115b 0.055b 0.453b
Severe stress 24.19¢ 0.077c 1.098 b 0.044 c 0.442b
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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 5. Mean Comparison of bean photosynthetic pigment at different levels of seaweed extract.

Seaweed extract Chla Chl b TChl
0 15.24b 9.827b 25.06 b
0.2% 16.92a 14.73 a 30.49 a
0.4% 16.95 a 14.56 a 31.51a
0.6% 17.26 a 14.31a 31.57a
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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 bean photosynthetic pigment at different levels of water deficit stress.

Water deficit stress Chl a Chl b TChl Carotenoied
Non-stress 19.37a 16.07 a 35.44 a 322a
Moderate stress 17.38b 12.82b 29.34b 2.09b
Severe stress 13.02¢c 12.25b 24.19¢c 152¢c
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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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