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This research was carried out to investigate the effect of different concentrations of three
brown seaweeds on growth and activity of some antioxidant enzymes of Niger seed at
different drought stress levels; as a factorial scheme in a completely randomized design with
three replications. The first factor includes control and seaweed extract, Ecklonia maxima,
Ascophyllum nodosum, and Sargassum glaucescens each in 2 and 3 percent concentrations
and the second factor included different levels of drought stress 0, -0.4 and -0.8 MPa. The
effect of fertilizer was significant on all traits except of radicle fresh weight and the effect of
drought stress and the interaction effect of fertilizer and drought stress was significant on all
traits. The results of means comparison of the interaction effect showed that the Basfoliar
algae treatment of 2% and zero drought level produced the highest amount of radicle fresh
weight (0.636 g), the activity of seedling’s alpha-amylase (161 unit mg protein) and beta-
amylase (47 unit mg protein). Alga600 2% algae treatment at zero drought stress level had
the highest percentage of germination (90%), plumule (1.035 g) and seedling fresh weight
(1.414 g), the treatment without algae and zero drought stress level produced the highest
radicle length (8.5 cm), Alga600 3% treatment and zero drought level had maximum
plumule (6.7 cm) and seedling length (14.2 cm) and Acadian 2% treatment and zero drought
level had the highest dehydrogenase enzyme activity (38.33 unit mg protein). In general, it
can be concluded that drought stress reduces and the use of seaweed improves the seed
growth and biochemical characteristics of Niger seed plant, especially under drought stress
conditions.
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EXTENDED ABSTRACT

Introduction

The Niger seed plant with the scientific name Guizatia
abyssinica is the most important oil seed in Ethiopia and a
small source of oil in Iran. The amount of oil extracted
from the seeds of this plant is 37 to 50%. Drought stress is
one of the most important environmental stresses that leads
to morphological and physiological changes in plants and
affects almost all stages of plant growth. However, seed
priming with seaweed can improve seed germination under
drought stress by affecting membrane permeability,
increasing antioxidant capacity, regulating enzyme activity,
and accelerating starch breakdown. In recent years,
seaweed extract has been used as a substitute for chemical
fertilizers in agriculture. Also, brown algae are an
important protective compound in response to abiotic
stresses. The use of seaweed causes better and faster
germination of seeds, expansion and growth of roots and
increasing the resistance of plants against biotic and abiotic
stresses. The aim of this study is to investigate the effect of
different concentrations of three species of brown seaweed
on the growth and activity of some antioxidant enzymes of
Niger seed at different levels of drought stress.

Materials and Methods

In order to study the effect of different types and
concentrations of three types of brown seaweed on the
germination and biochemical characteristics of Niger seed
plant at different levels of drought stress, a factorial
experiment was conducted in a completely randomized
design with three replications at agronomy laboratory,
Faculty of Agriculture, Shahrekord University in 2022. The
first factor includes control and seaweed extracts Ecklonia
maxima (Basfoliar), Ascophyllum nodosum (Acadian) and
Sargassum glaucescens (Alga600), each in concentrations
of 2 and 3% and the second factor was different levels of
drought stress 0, -0.4 and -0.8 MPa. First, seeds were
disinfected using 10% sodium hypochlorite solution for 5
minutes. Under laboratory condition, polyethylene glycol
6000 (PEG6000) was used to create drought stress -0.4 and
-0.8 MPa and distilled water was used to create zero
potential. After preparing each different concentrations of
the fertilizers containing the desired seaweed, the seeds
were exposed to the desired concentration for three hours.
Then, 7 ml of the respective solution was added to the
containers of each drought stress treatment, so that two
thirds of the seeds were immersed in the polyethylene
glycol solution. The containers were placed in the
germinator for 7 days at a temperature of 25+2 degrees
Celsius and controlled light conditions of 16 hours of light
and 8 hours of darkness. Then the percentage of
germination, the length of radicle, plumule and seedling,
the fresh weight of plumule, radicle and seedling, the
activity of alpha and beta amylase enzyme and the activity
of dehydrogenase enzyme were evaluated.

Results and Discussion

The variance analysis showed that the effect of fertilizer on
all traits except for radicle fresh weight and the effect of
drought stress and the interaction effect of fertilizer and
drought stress on all traits was significant. Mean’s
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comparison of the interaction effect of fertilizer and
drought stress showed that Basfoliar 2% algae at zero
drought stress level had the highest radicle fresh weight
(0.636 g), alpha-amylase enzyme activity (161 unit mg*
protein) and beta-amylase (47 unit mg? protein). Alga600
2% algae treatment at zero drought stress level had the
highest percentage of germination (90%), plumule (1.035
g) and seedling fresh weight (1.414 @), the treatment
without algae and zero drought stress level produced the
highest radicle length (8.5 cm), Alga600 3% treatment and
zero drought level had maximum plumule (6.7 cm) and
seedling length (14.2 cm) and Acadian 2% treatment and
zero drought level had the highest dehydrogenase enzyme
activity (38.33 unit mg™ protein). At the drought stress
level of -0.8, all fertilizer treatments significantly increased
the germination percentage compared to the control (no
fertilizer application). The application of all three types of
algae at the drought stress of -0.4 MPa had a positive effect
on radicle and seedling fresh weight and plumule length
compared to no fertilizer application (control). Although
the activity level of all three enzymes decreased by
increasing of drought stress, but in all three levels of
drought stress, the application of all three types of
fertilizers increased the activity of all three enzymes.

In general, it has been found that seeds with higher
germination percentage, germination rate and germination
vigor have more chances to grow under drought stress
conditions. Drought stress caused by polyethylene glycol
due to the reduction of available water leads to a decrease
in the physiological and metabolic processes of the seed
and the denaturation of the three-dimensional structure of
enzymes (especially the alpha-amylase enzyme), which is
the main reason for the decrease in germination percentage,
rate and vigor in plants. On the other hand, the use of
seaweed extract with compounds such as micronutrients of
iron, zinc, copper, and manganese and macronutrients of
nitrogen, potassium, calcium, and magnesium plays an
important role in seed osmotic regulation. This extract by
reducing the osmotic potential of the environment and
maintaining accessible water, seed nutrition and the
activation of some biochemical processes as a cofactor for
some enzymes, leads to the improvement of the growth and
biochemical characteristics of seeds under drought stress
conditions. Biopriming causes an increase in protein
synthesis, production and activation of enzymes such as
alpha-amylase and beta-amylase in embryo.

Conclusion

The findings showed that Niger seed germination is
sensitive to drought stress. Drought stress reduces and the
use of seaweed improves the growth and biochemical
characteristics of the seeds of the Niger seed plant,
especially under drought stress conditions. The results of
this research show that Basfoliar 2%, Acadian 2% and
Alga600 3% have the most positive effect under no
drought stress conditions, while Basfoliar 3%, Acadian 3%
and Alga600 2% fertilizers had a positive effect on the
growth and biochemical characteristics of Niger seed under
stress conditions. Among the treatments used in this
experiment and based on all evaluated traits, Alga600 2%
can be recommended in similar conditions.
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Figure 1- Mean’s comparison of the intraction effect of fertilizer and drought stress on Germination percentage of Niger seed
Columns which have at least one similar letter are not significantly different based on the LSD test at the 5% probability
level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and Sargassum
glaucescens algae extract, respectively.
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Figure 2- Mean’s comparison of the intraction effect of fertilizer and drought stress on the radicle fresh weight of Niger seed
Columns which have at least one similar letter are not significantly different based on the LSD test at the 5% probability
level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and Sargassum
glaucescens algae extract, respectively.
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Figure 3- Mean’s comparison of the intraction effect of fertilizer and drought stress on the plumule fresh weight of
Niger seed
Columns which have at least one similar letter are not significantly different based on the LSD test at the 5% probability

level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and Sargassum
glaucescens algae extract, respectively.
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Figure 4- Mean’s comparison of the intraction effect of fertilizer and drought stress on Seedling fresh weight of Niger seed
Columns which have at least one similar letter are not significantly different based on the LSD test at the 5% probability
level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and Sargassum
glaucescens algae extract, respectively.
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Figure 5- Mean’s comparison of the intraction effect of fertilizer and drought stress on Radicle length (A), Plumule
length (B) of Niger seed
Columns which have at least one similar letter are not significantly different based on the LSD test at the 5% probability
level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum
nodosum and Sargassum glaucescens algae extract, respectively.
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Figure 6- Mean’s comparison of the intraction effect of fertilizer and drought stress on seedling length of Niger seed
Columns which have at least one simialr letter are not significantly different based on the LSD test at the 5% probability
level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and Sargassum
glaucescens algae extract, respectively.
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Table 3- Variance analysis of the effect of fertilizer and drought stress on the activity of alpha and beta amylase and
dehydrogenase enzymes on Niger seed
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Figure 7- Mean’s comparison of the intraction effect of fertilizer and drought stress on
Alpha-amylase enzyme activity of Niger seed
Columns which have at least one similar letter are not significantly different based on the LSD test at the 5% probability
level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and Sargassum
glaucescens algae extract, respectively.

Iranian Journal of Seed Science and Technology

e ch—f..u Ls‘.&é% JS\ wor DR LQanad et al. (2017)

Ol 5y 65 5 psle 4 00

Vol.: xx, NO.: X, XXXXXX

XXXXXX X 6 ylads XX A



e b Aty glosgs b y3eSlr 65w b Sias 50 b \F

Oks b 5 5 cotig s 3o Sl Sl Lo 534S oLE 5 sdo Gialer olesdisn 5 (S ple
Saben o 53 el s RTWT o e 5T S s ol S ol ad 5 S O glaiS

Chlorella jew ¢Sl &S0 O3 sEiS Lass 53 L3 e
eoTl o2 3T culed

A;SLA;!45:\:‘3@&”\:&3\1)1)41);5}\&&@[:3
x 358 Jolize 3 uoman 55l gme gyl T Llod I yails
33 ol T B Sl yails Plelle el , Sas 25
SOl dglie gl (¥ Jpudr) 3 S s sme o ys ) peba
Sl Pl L aS sl olas S Sas 15 5555 flize ]
U_U;.uj,@)au)‘}«ﬂl:{ﬁﬂ@wo\}:ﬂézséu
(als) jiw Stz mlaw s Basfoliar 2% <S> .osls

3 SO TUT o 5T (505 = e 30 o ot (1
Aoy /) Hgam 43 g SpirUling oT- jew Sl 0T 51 s
Wby SATWT 0 5T o1y 3T o ey oS
GNP NI DU I VR SERU Y
olwils Glayds 3 (Sl il s (ST ple clac Sl
Gl 4 L3B LaT s 5al g b 55 3 pd oo
4 Jlasl b (DweTl) ﬁ;T,J-_f\ b GWeTWIT) o 5T
Slo 5 S L s &S ST ke (5558 51 (slasily
e e 53 15 IS sk (l OLaE gl s o
S bl Sl dl s ek gy S

Farooq et al., 2007; Kossmann & Lloyd, 2000; )

5 (Fy unit mg protein) HeTls o 5T Codlad Ol see o iy
Iy — /A (St a5 (dals) Sl L35 Lo
Cpails DTl o5 ST C b Ol o oS
oA gl e a5 s e ls | (Y7 Unit mg! protein)
g N T & A R T

(A JS2) s 8 il DTl

awlis 4 o bl 3 ol . (Muralikrishna & Nirmala, 2005
.(Dehghanpour et al, 2011) 4 S o el |y 4l
aS sl ol 5 De Lespinayet al. (2010) Clagss

a0
@-04

a-08 MP

(unit mg-! protein)
(]
b

MeoTliy o 3T cled

Beta-amylase enzyme activity

0 Basfoliar Basfoliar Acadian Acadian Alga600 Alga600

27 37 2/ 3% 27 37
sl Calicee Uy dals

Different concentrations of algae

o0l iy DTl o 3T by (St 5555587 liza 31 S0k aglie -A JSs
Basfoliar glas ;.41 15 gme oDt 2 b3 0 Jlas b 53 LSD 05057 il y ez 57 2in O3 o S5 gyl Jil o7 g la0 s
b Sargassum glaucescens 5 Ascophllum nodosum Eckalinia maxima gteSs 51> s 5 + Alga600 ; Acadian

Figure 8- Mean’s comparison of the intraction effect of fertilizer and drought stress on
Beta-amylase enzyme activity of Niger seed
Columns which have at least one similar letter in common are not significantly different based on the LSD test at the
5% probability level. Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and
Sargassum glaucescens algae respectively.
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Figure 9- Mean’s comparison of the intraction effect of fertilizer and drought stress on
Dehydrogenase enzyme activity of Niger seed
Columns which have at least one similar letter are not significantly different based on the LSD test at the 5% probability level.
Basfoliar, Acadian and Alga600 fertilizers contain Eckalinia maxima, Ascophllum nodosum and Sargassum glaucescens
algae extract, respectively.
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