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3- Ascophillum nodosum
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3- Eruca sativa
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Table 1- The effect of Actiwave on shoots and root fresh and dry weight in two strawberry cultivars

o Lo P 039 ‘ Sl 39 ‘ » cijs e, S
Treatments wlp sl wtloh el Wa, Dry weight of roots (g)
Fresh weight of shoots (g) Dry weight of shoots (g) Fresh weight of roots (g)
w5
Cultivar
Cl1 37.87a 10.76a 26.12a 5.24a
C2
whie s 31.79b 9.45b 18.95b 4.37b
Nutrient treatmet
T1 38.75a 11.03a 22.58a 4.66a
T2 36.16ab 10.51a 24.08a 4.89a
T3 29.00c 8.61b 19.91b 4.60a
T4
olize I 35.41b 10.28a 23.58a 5.08a
Interaction effect
CIxT1 42.83a 12.06a 25.50b 5.0labc
CIxT2 40.83a 11.60ab 29.16a 5.39ab
CIxT3 32.83b 9.43¢ 21.33¢c 4.92abc
C1xT4 35.00b 9.96¢ 28.50ab 5.63a
C2xT1 34.66b 10.00c 19.66¢ 4.30c
C2xT2 31.50b 9.43¢ 19.00c 4.39bc
C2xT3 25.16¢ 7.80d 18.50¢c 4.29¢
C2xT4 35.83b 10.60bc 18.66¢ 4.52bc

pH=8 JalS 8 8 Jlaii :T3 (pH=6 525551 5 s (a1 5% 2B 58 Jlasi 1 T2 epH=6 JolS 2B 58 jlasi T1 ¢lsbus a5 €2 by JlS a2 C1
pH=8 5 558 (sl ol sn 2l 4 Hlasi T4

AEl e (Sl hialadia G e ) ) saliiul L aa a0 b )3 Jlaiea CaBEA) axe sdiaLiS lag o5 R 5 ousie a1 aliie Cag a

C1: Camarosa cultivar, C2: Selva cultivar, T1: Absolute Hoagland Treatment pH=6, T2: iron-free Hoagland containing Actiwave

pH=6, T3: Absolute Hoagland Treatment pH=8, T4: iron-free Hoagland containig Actiwave pH=8

Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple
range test.
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Table 2- The effect of Actiwave on pigment content and enzyme activities in two strawberry cultivars
5 Ladgdy,l5 N5 .
o Lo aJidy S b Jus 15 IS Jesg S B SYel ol
I Chlorophylla  Chlorophyll b Total am/ EWY Catalase Peroxidase
Treatments (mg/g FW) (mg/g FW) chlorophyll (mg/g FW) (abs/min/mg (abs/min/mg
g'e g'e (mg/g FW) protein) protein)
w5
Cultivar
C1 1.20b 0.56a 1.76a 0.51a 0.08a 0.46a
C2
e .)lo"d 1.32a 0.51a 1.84a 0.50a 0.07a 0.54a
Nutrient
treatmet
T1 1.29ab 0.53a 1.83ab 0.57a 0.10a 0.61a
T2 1.20b 0.60a 1.80b 0.50ab 0.07b 0.51a
T3 1.16b 0.41b 1.57¢ 0.45b 0.05¢ 0.36b
T4
iz ),J‘ 1.39a 0.60a 2.00a 0.52ab 0.07bc 0.54a
Interaction
effect
C1xT1 1.19abc 0.48bc 1.68cd 0.56ab 0.09ab 0.65a
C1xT2 1.14bc 0.58ab 1.72bcd 0.52ab 0.07bc 0.50abc
C1xT3 1.09¢ 0.47bc 1.57d 0.45b 0.06bcd 0.33¢
C1xT4 1.38ab 0.69a 2.07a 0.52ab 0.07bcd 0.38bc
C2xT1 1.39ab 0.58ab 1.98ab 0.58a 0.11a 0.57ab
C2xT2 1.25abc 0.62ab 1.87abc 0.47ab 0.07bc 0.53abc
C2xT3 1.23abc 0.34¢ 1.57d 0.45b 0.04d 0.38bc
C2xT4 1.41a 0.50b 1.92abc 0.52ab 0.06¢cd 0.69a

pH=8 JalS 2 g jlasi :T3 pH=6 5255 (5 s 0l 052 2K g8 jlasi 1 T2 (pH=6 JalS 2 g8 jlasi: T1 ¢lsbus o C2 s S a8, 2 C1
pH=8 52558 (5 sla 01 053 2 54 Jlasi T4
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C1: Camarosa cultivar, C2: Selva cultivar, T1: Absolute Hoagland Treatment pH=6, T2: iron-free Hoagland containing Actiwave
pH=6, T3: Absolute Hoagland Treatment pH=8, T4: iron-free Hoagland containig Actiwave pH=8
Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple
range test.
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Table 3: The effect of Actiwave on shoots and root’s total and active iron in two strawberry cultivars
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Treatments Total leaf Fe Total root Fe Active leaf Fe Active root Fe
(mg/kg DW) (mg/kg DW) (mg/kg DW) (mg/kg DW)
w5
Cultivar
C1 58.23b 219.44a 17.60b 47.70b
C2 69.79a 169.38b 20.68a 52.65a
he les
Nutrient treatmet
T1 72.32a 190.03a 22.65a 48.99bc
T2 65.71ab 204.15a 20.07ab 54.38a
T3 61.76bc 194.10a 16.43¢ 46.07c
T4 56.25¢ 189.35a 17.41bc 51.25ab
Jilizo 1
Interaction effect
CI1xTl1 57.37cde 223.00ab 23.22a 44.83de
C1xT2 63.87bcd 235.42a 17.30bc 57.05a
C1xT3 53.43¢ 215.46ab 14.15¢ 42.62¢
C1xT4 58.25cde 203.87abc 15.75bc 46.30cde
C2xTl1 87.26a 157.06¢ 22.07a 53.15ab
C2xT2 67.56bc 172.87bc 22.85a 51.72abc
C2xT3 70.09b 172.75bc 18.72ab 49.53bcd
C2xT4 54.25de 174.83bc 19.07ab 56.20a
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C1: Camarosa cultivar, C2: Selva cultivar, T1: Absolute Hoagland Treatment pH=6, T2: iron-free Hoagland containing Actiwave
pH=6, T3: Absolute Hoagland Treatment pH=8, T4: iron-free Hoagland containig Actiwave pH=8

Columns and group’s treatments with the same letters are not significantly different at 5% probability level using Duncan’s multiple
range test.
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Introduction: Nowadays, crop production methods are moving towards organic farming through reducing
the use of chemicals in agriculture. The new generation of seaweed extracts, like Actiwave, could be a promising
approach to achieve a part of this goal. Actiwave is a metabolic enhancer derived from a type of brown algae,
called Ascophyllum nodosum, and contains compounds that play an important role in plant metabolism. The
application of this product on various plants has often improved their vegetative and reproductive characteristics.
One of the important problems in our agricultural lands is the presence of bicarbonate ion in soil (calcareous
soils) or irrigation water, which increases pH around plant’s root followed by chlorosis between the veins in the
young leaves resulting in a reduction or halt in plant growth. The induction of chlorosis in calcareous soils is
attributed to iron deficiency due to reduction of iron absorption or availability. The use of biostimulants may
help to improve plant growth under such conditions. The aim of this study was to investigate the possibility of
replacing iron chelates in nutrient solution with Actiwave in two optimal and alkaline pH and its effect on some
of the vegetative and biochemical properties of two strawberry cultivars in a soil-less system.

Materials and Methods: Strawberry seedlings of Camarosa and Salva cultivars were cultivated in pots
containing coco-peat and perlite (1:1), followed by plant’s irrigation and nourishment through a plant nutritional
program. The project was conducted in a factorial experiment (with two factors) based on a completely
randomized design with three replications. The first factor was strawberry cultivar in two levels including
Camarosa and Salva, and the second factor was iron treatment in four levels consisting of Hoagland nutrient
solution containing iron chelate (pH=6), iron-free nutrient solution containing 0.25 ml/l Actiwave (pH=6),
Hoagland nutrient solution containing iron chelate (pH=8), and iron-free nutrient solution containing 0.25 ml/l
Actiwave (pH=8). Plants were fed for two months, at the end of which, the roots and shoot’s fresh and dry
weight, chlorophylls a, b and total as well as carotenoids contents, catalase and ascorbate peroxidase activities in
fresh leaf samples and also total Fe and active Fe in dried leaf and root samples were measured.

Results and Discussion: The results showed that the algae extract had a significant effect on all the
measured parameters, so that fresh and dry weights of the aerial parts, fresh weight of the roots, as well as
chlorophyll and active iron content of leaves in the treatment containing Actiwave with pH=6 was similar to the
control plants. Evaluation of the activity of catalase and peroxidase enzymes in the leaf also showed that
Actiwave application reduced iron deficiency stress in plants increasing the activity of these enzymes under such
conditions. The reason behind these effects can be due to the Actiwave ingredient content, which includes
betaine, alginates and kahydrin (derived from vitamin K). Since betaines have cytokine activity, they can
increase root growth by increasing the amount of cell division. Increasing the chlorophyll content, which can be
the result of reduced chlorophyll degradation, is probably due to the presence of betaines in the seaweed extract.
In addition, the presence of kahydrin and alginic acid in Actiwave, with the acidification of the rhizosphere,
stimulated the release of more ions around the roots, resulting in more ions received by the plant and increased
their assimilation. As observed in this study, It has been proven that iron concentration in the leaf is not always
an appropriate indicator for checking the state of iron in plants. Some studies attribute this to limiting the growth
of young leaves and the accumulation of iron in tissues or inactivation of iron in tissues occurred through the
process of alkalization in leaf apoplast. It is found that activity of catalase and ascorbate peroxidase containing
iron and the iron extracted with hydrochloric acid are the most effective indices for checking the iron status in
plants, and the concentration of the total iron is less important in this regard. According to the results of this
study, algae extract was able to replace iron chelate in nutrient solution for growing strawberry, and so made it
possible to produce this fruit by reducing the use of synthetic iron compounds. In other words, application of
Actiwave instead of iron chelate is recommended in nutrient solution with pH=6.
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