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Introduction

Changes that occur during aging affect seed quality. Vigor is the first component of seed quality that
decreases with aging seed, and followed by a decrease in germination capacity, seedling growth and
establishment. The seeds of soybeans are classified in the orthodox seeds. These seeds contain high amount of
lipid and protein. Seed viability can only be maintained until few months of storage under normal conditions.
One of the important steps in soybean seed industry is maintaining seed quality during storage condition for the
planting during next growth season or sales. Lack of a proper storage condition would affect the biochemical and
physiological nature of soybean seeds and intensify their aging. Changes that occur during deterioration
condition affect seed quality. Through the process of deterioration, seed vigor is the first traits of the seed quality
that decreases, followed by a decrease in germination capacity, seedling growth and establishment. Wide range
of deteriorative conditions (especially moisture content and temperature) may affect seed quality during storage
which may lead to seed aging. Hence, to stimulate germination and increase the establishment of seedlings from
ageing seeds, treatment can be done using different materials such as brown seaweed extract. To continue the
experiment, normal seeds and aged seeds were sown in June 2018 and 2019 at a depth of 2 cm. Each plot
consisted of 4 lines 6 m long with a distance of 50 cm between the lines and 10 cm width on the lines.

Materials and Methods

A factorial experiment was performed based on a randomized complete block design with three replications
at the research field of Shahroud University of Technology. In this study two sets of seeds including control
seeds (un-aged) and aged seed were used and brown seaweed A. nodosum (0.3%) was applied for control, seed
pretreatment, foliar spray and seed pretreatment+foliar spray. The brown seaweed extract was "Acadian™
Seaweed Powder" (produced in Canada) containing brown seaweed extract (Ascophyllum nodosum), and all the
reagent and chemicals for experiments were purchased from Merck (Germany). Soybean seed Var. DPX. was
collected from the Mazandaran agricultural research center. The water content of seeds was 12%. The seeds
were those that harvested in the same year and kept in a controlled storage room at the temperature between 14
to 17 °C and relative humidity of 30 to 40% at the Agricultural Research and Training Center and Natural
Resources of Mazandaran Province. For surface sterilization, soybean seeds were disinfected with 1% sodium
hypochlorite for 60 seconds and then washed with distilled water. To prepare aged seeds in the laboratory, the
seeds were incubated at 41°C and 95% relative humidity for 72 hours according to the method described
previously. For each treatment, 100 g of the soybean seeds were soaked in 20 ml seaweed extract (0.3%) under
ventilation condition for 6 hours, following by drying the seeds in the shade.

Results and Discussion

In this study, the results showed that the seed aging reduced the mean daily seedling field emergence, content
of soluble sugar, leaf area index, stomatal conductance, oil yield and seed yield and also, increased the electrical
conductivity and free amino acids content in the field condition. Whereas, the seed pretreatment with the
seaweed extract in normal and aging conditions increased mean daily seedling field emergence 15.31% and
55.03% respectively. The values of leaf area index, stomatal conductance, oil yield and seed yield were
increased with application of both pretreatment and foliar spray of seaweed extract, 34.51%, 23.72%, 91.68%
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and 87.85% respectively. Seed pre-treatment and foliar spraying with Ascophyllum nodosum brown seaweed
extract at a concentration of 0.3% improved the deteriorated effects and significantly increased seed yield.

Conclusion
This study concludes that the seaweed extract is effective to minimize negative effects of aging on seeds

performance and has a great positive effect on the physiological and agronomic traits of soybean plant. Among
the four methods used in this study, the seeds pretreatment+foliar spray was more effective.
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Table 1- Physico-chemical properties of the experimental soil

SBoesl S colan S ons IS (339 HB i HB oy
Soil ’ & ! Electrical Organic Total nitrogen ¥y Q¥ yd
texture pH conduct|V|t¥ (EC) carbon (N) Phosphorus (P) Potassium (K)
dsS.m’ % % mg.kg-l
S_ﬁf’] 7.36 0.71 0.60 0.066 5.54 240
ilty Loam

asys0 ol G S59-Y Jgoa
Table 2- Properties of the experimental water

S colas “axl pco,s oF 50,2 Ca Mg Nat
Electronic conductivity (EC) pH
ds.m* meq.| *
15 7.4 3.8 102 12.2 184 116 110

w135 (Acadian Seaplants, Canada) suiSudsi 8 i dawsi o3l J(A. nodosum) ¢udlT s ,39: B Sivg S -V Jos>
!

Table 3- Some composition of Acadian marine plant extracts powder (A. nodosum) according to information provided by
Acadian Seaplants, Canada

Traits B S5
Appearance sals ‘5|°%°‘§ ok slajgl
Brownish-black crystals
Solubility in water el edds 100%
pH 10.0-10.5
Maximum moisture Cugby ST 6.5%
Organic matter ST olge 45-55%
Ash (Minerals) (Fme dlg0) yuuss 45-55%
Total nitrogen (N) I o5 0.8-1.5%
Available phosphoric acid (P,05)  (P20s) (o s b6 < jaund sl 1-2%
Soluble potash (K,0) (K20) Lo pwd 1B pumolty 17-22%
Iron (Fe) ol 75-250 mg.L*
Manganese (Mn) Jiten 5-20 mg.L*
Amino acids dinel gl Total 4.4%

(oybhomw oylias! owlinilgn 8,181) (wiule3T 5590 Jlw g2 45 alilrie owlinilgr godls —£ Jouo
Table 4- Meteorological data for the field sites during experiment (Semnan province Meteorological Office)

SN ol gl bod (il
Precipitation (mm) Relative humidity (%) Mean temperature (°C)
olo Month 1398 (2018) 1399 (2019) 1398 (2018) 1399 (2019) 1398 (2018) 1399 (2019)
CRdy9y0 April 75.8 414 57 67 11 9.4
Cadigerd)| May 6.8 495 47 60 16.2 16.3
s June 10.7 0.0 46 41 22 24.9
I July 0.0 4.2 42 41 275 24.0
o5 ye August 0.0 16.2 42 38 251 25.5
) September 0.0 0.0 42 45 21.3 20.3
e October 3.3 10.7 43 47 14.3 13.8

oul November 5.8 4.8 48 51 101 9.4
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2- Prometer
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Figure 1- Effect of seed primary quality and seed pretreatment of seaweed extract on mean daily seedling emergence.
Significance at the 5% probability level with LSD.
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Table 5- Variance analysis of mean squares of mean daily seedling field emergence (MDE), soluble sugar, insoluble sugar,

electrical conductivity (EC), LAI, stomatal conductance (SC), oil yield and seed yield under aging and seaweed extract on
field of soybean

8 e df Mpg  Soluble Insoluble EC LAI sC oil Seed yield
S.0V sugar sugar yield
year L 1 024™  1797.90™ 78279 134 0004 430509 39563™  10413.46"
Error 1 Jl s 4 0.005 970.10 835.08 6.37 0.81 198.41 440.55 11438.94
aging (a) Sgw 1 6.68"  7270.68™ 71.72"™ 35064 953" 2007.32" 479884 9970606
s(b) “"ld? ‘”:"‘ . 3 1777 793.54"™ 4703.81" 56.34" 167" 256446~ 210831 5opr519™
eaweed extrac
a*b 3 0.16"  8630.08"  2589.66" 9.18™ 0.32™  326.45™ 91.13™  3082.03™
y*a 1 0.13 9595.96™ 0.0001™ 9.42"™ 0.31™ 173.91™ 192.77™  5306.62™
y*b 3 0.001  598.39™ 0.00001™ 23.14™ 064" 156.39™  2518™ 716.67™
y*a*b 3 0.069  1429.12™  0.00001" 479" 0.25™ 106.07™  73.36™  1941.22™
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Figure 2- Effect of seed primary quality and seaweed extract in 2018 (a) and effect of seed primary quality in 2019 (b) on free

amino acids content of leaves. b1: control, b2: pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray.
Columns with at least one same letter have not significant difference at 5% probability level using the LSD.
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Table 6- Variance analysis of mean squares of free aminoacids, Chl,/Chl, and Chl ., under aging and seaweed extract on
field of soybean (2018 and 2019)

Free Free
a4
T > aminoacids Chl,/Chl, Chliota  gminoacids ~ CM/Chlb Chl ot
83!
SOV of Y44 (2018) 144 (2019)
Replication 1,55 1 428.53 0.001 0.06 1273.23 0.085 0.08
Aging (a) Jls; 4 4558.58™ 0.03" 0.002™  10652.61" 0.22" 1.94"
(B) Sk obeae 1 4383.43" 0.004 " 0.67" 907.57 0.30™ 2.30"
Seaweed extract
a*b 3 1473.73" 0.015™ 0.34™ 84.47 0.04 1.81"
Error clas 14 388.91 0.001 0.18 539.48 0.026 0.37
C.V (%) &y gy - 8.6 6.2 6.9 11.9 15.6 104
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ns, * and **: nonsignificant, significant in 5% and 1% respectively.
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Figure 4- Effect of seed primary quality and seed pretreatment of seaweed extract on chl a/chl b in 2018. b1: control, b2:

pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray. Columns with at least one same letter have not
significant difference at 5% probability level using the LSD.
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Figure 4- Effect of seed primary quality (a) and seaweed extract (b) on chl a/chl b in 2019. b1: control, b2: pretreatment, b3:

foliar spray and b4: seed pretreatment+foliar spray. Columns with at least one same letter have not significant difference at
5% probability level using the LSD.
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Figure 5- Effect of seaweed extract on total chlorophyll in 2018 (a) and seed primary quality and seaweed extract on total

chlorophyll in 2019. b1: control, b2: pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray.
Means followed by the same letters in each column are not significantly different by LSD test at 5% probability level.

o Lagndipn g aelie ()b (uilodygf (60455 «(gjoml jLES
(Movahhedi Dehnavi et al., 2017) s S o oS oLS

0=l (F90 bl b > Jodoe a5 al5 8l Jele (o et
Al (anolis) Joleel ()8 Socliam o 55 Sl oo Lig
Ol —igg 9-b oo Jole B (Ll 4 poxie Cole ) oS
35 oo G g gl (Sogmd o8 1o i 55 S0
Mansouri ) a_s yoi ol 5l ool lals Sy jd Jode
LLs aS WSl olaase oyl (Gandamany et al., 2015
Sy Sl b1y (Soge Ll 53 Jslone cslaats (nl3dl oy
il 255 o] b 3 88 SIS e 5 M| 45 0
Ol igg )8 ey g e Jas (S gl 4
olie iy sl ygeyen sl s 4 Sls ojlac o5 adl
5 (I slaJsSUse joan s & iz 5 9,5l 5 9,500

Jannin et ) sg o Jolote 13 5lise a8l 4 yomie JI clavisl
(al., 2013

Jslaols g Jglao slauis
ol 8 Joas » wlaw opl Gluye 365k usb)lg 4350
C«..élﬁ).) 1) D)l_«a.c 4-( UJLbLf ).) X é’)"“" d)“" .CAM)‘ oG O.)l.)
(obJgtome ©yguods 45 g Hlad iy Gjgody &) K392 03,55
uua\.( 5 Jodoro (slaa s O\)‘_:A Sdoyd YEAY w‘)ﬁ‘ 9o
byl s d Cuws Sy 0 09390 Jolomol (sladid (sauopd Vo /AF
Sus b xe Glli8l cnge (Bl glone olen 4 jlosi iy
o e s 3 ol (ol 53 Jp 2 0l & Con Il
(ol slore olyon 4 oS iy plg 5 ) 8 iz en 5 (Bl sl
Jloy blys o (Fa JSi) oy ol sals & cuws 1y cds oy
9o Sl s bmo olyen 4y sloi i plgs 3,18 5 (5l sloxs
Jodore slaaid (Fh JSCs) wad Joborol (sladid l5ue ials
ol L Jadote (slanid .l (i (6 jeu] mala 3 g bl o



VO 0 adgl e g Sols ojbas 2ok Jokxo 9 5y slowd Ging 49 (DPX) bguw oL G 5glgn jud bl ol )50 9 & 52

a Onormal seed
M aged seed

5 :
@ 300 be d be bcdab be

iﬁ“%? 200 | © s

< 20

ﬂo—.

2 2 & 100

Y T o

5\35 0

2 bl b2 b3 b4
=
2

{M)J 'J"Y'] kg Sla o las
seaweed extract (0.3%)

b Onormal seed

maged seed

b
150 ecdbe 4 be

100

(mg. g'! Dw)
h
[a=]

bl b2 b3 b4

L.]?J:“lj L_gl.ao.uﬁ L519-'-7'-‘

content of insoluble sugar

{La)J *J'[Yl] u—-’-L.'-)J ;_{.J_s s )lac
seaweed extract (0.3%)

103 ¢jlow ket 2 ¢uc DL S 1 53 29290 Jglomoli g Jylono WiB (glgino 5 (2> Sl 0,Las gy adgl CudeS LIS o0 1 03T T USS
Jlis! gdaws )3 (5,13 Sxe S!S o Bya Sy JBlaa (511> S (9w (5 32 (il glone ol pod 1 ()4 jlow iy D4 9 (L glone
ICAREY IS D IRV A IRWEY 39)

Figure 6. Effect of seed primary quality and seaweed extract on content of soluble and insoluble sugars in leaves. bl: control,

b2: pretreatment, b3: foliar spray and b4: seed pretreatment+foliar spray. Columns with at least one same letter have not
significant difference at 5% probability level using the LSD.
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Table 7- Mean comparison of seed primary quality and seaweed extract on Electrical conductivity (EC), Leaf area index
(LAI), Stomatal conductance (SC), Oil yield and Seed yield

Treatments &)ng; EC LAI SC Oil yIE|d Seed yleld

Seed primary quality i, 4Jsl cuis % mmgl. CS:?Z g.m? g.m?2
Normal seed Jl, ,d 72.27 3.04 161.39 55.94 278.83
Aged seed oxgu s 4 77.68 2.15 145.82 36.02 187.68
LSD 5% 1.246 0.250 7.922 6.208 30.89

Seaweed extract b, K> o)lac
Control u»ls 78.20 2.26 140.77 32.46 167.21
Pretreatment s i 74.01 2.30 146.30 50.83 258.23
Foliar spray sl sl 74.15 2.76 153.18 38.42 193.46
crilidsbrtlediing 73.54 3.04 174.17 62.22 314.11

Pretreatment+Foliar spray
LSD 5% 1.762 0.354 11.204 8.78 43.69
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Table 8- Path coefficient analysis of Mean daily Seedling field emergence (MDE), Electrical conductivity (EC), Leaf area index
(LAI) and Stomatal conductance (SC) traits on seed yield (seed yield is dependent trait).

Traits MDE EC LAI sC Total effects
MDE 0.360 0.106 0.091 0.036 0.59
EC -0.246 -0.156 -0.104 -0.056 -0.56
LAI 0.171 0.085 0.192 0.079 0.53
SC 0.059 0.036 0.067 0.225 0.39
R- Square 0.5046
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