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ABSTRACT: An experiment was carried out in vegetable fields, Department of Horticulture and Gardening,
College of Agriculture and Forestry, Mosul University for the spring season 2018. To find out the effect of
foliar feeding of a seaweed extract (Stymulant forte) in concentrations of (0, 3 and 6) g. L't and Hortiphyte
nutrient solution in concentrations (0, 2 and 4) ml. L™ on the potato crop class A (Safari). The experiment was
carried out with 9 factor treatments according to the Randomized complete block design (RCBD), with three
replications. The results of the studied treatments were tested according to the polynomial Duncan test at a
probability level of 0.05. The results showed the superiority of the treatment of spraying seaweed extract at
concentration 6 g. L was significant, given the highest significant values for average stem length and number
of aerial stem. plant, and the percentage of dry matter for the plant%, while spray treatment was superior to 3
g. L' was significant in the leaf area index, treatment of spraying feeding solution in two or four ml
concentrations. L-1 was significant at average stem length (cm) and number of aerial stem. plant*, with an
increase of (5.10 and 15.35%), respectively; compared to the comparison treatment. The two characteristics of
chlorophyll and the percentage of dry matter per plant were not different from the comparison treatment. As for
the results of the total yield, it was given the treatment of spraying the seaweed extract at a concentration of 6 g.
L is the most significant value for the number of tubers. Plant™, average weight of tuber (kg), yield of one plant
(kg), percentage of dry matter for tubers%, and production rate per area (tons. ha-1) compared to the rest of the
treatments, and reached (13.111 tuber. Plant?, 0.126 kg, 1.63 kg, 16.127%, 87.390 ton. ha''), respectively. The
treatment of spraying the nutrient solution affected the 2 or 4 mL concentrations. 1 liter* morally by giving the
highest significant values for the average weight of the tuber, the yield of one plant and the percentage of dry
matter for tubers and total production per area compared to the no-spray treatment, and with an increase of
11.11 kg, 11.68 kg, 7.43%, 11.54 tons. ha*), respectively. It did not differ from the comparison treatment in
terms of the number of tubers. plant.

Key words: Potato, seaweed extract, Hortiphyte nutrient, vegetative growth, yield, fertilization.

INTRODUCTION hectares in 1997 (Annual Statistical group,
1998). However, the production has decreased
to 3,942 hectares in 2004, with a productivity of
630 thousand tons, (Ministry of Agriculture,

2005).

Nevertheless, the cultivated areas increased
to 33,520 hectares in 2008 with a productivity

Potato crop (Solanum tuberosum L.) is one
of Solanaceae family, it is an important
vegetable crop in many countries, including the
Arab world. It is ranked fourth economically
after wheat, rice, and yellow corn (Taha, 2007),
and forms part of the daily food for more than

75 -90% Elia and Sanitaria (1997). It is an
important source of energy because it contains
carbohydrates, (Hassan, 1999). The total area
planted with this crop in Iraq is about 7825
hectares in 1989, and increased to 33065

of 598 thousand tons (FAO, 2008), and the
cultivated area reached 8,160 hectares in
Nineveh Governorate in 2009 (Nineveh
Agricultural Directorate / planning and follow-
up). Continuously, the cultivated area increased
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to 9,610 hectares with a production of 266.794
tons for the year 2017 (FAO, 2019), the reason
for the low productivity in Iraq is due to many
reasons, including the lack of interest in
agricultural operations such as fertilization and
pest control, the lack of adoption of modern
agricultural methods, and the lack of good seed
for agriculture, which is an important factor in
increasing Productivity (Matloob et al., 1989).

Potato crop production is affected by many
factors, the most important is using appropriate
variety for the region with good specifications.
High productivity affected by the genetic nature
of a certain class which influence the quantity
and quality of the production (Potato
cultivation technology, 2005), as well as
climatic factors (weather factors + soil factors).
None of the less, seaweed extracts and nutrient
solutions on a large scale in plant nutrition are
used recently. It contains natural growth
regulators and multiple nutrients in addition to
amino acids and organic materials needed for
plant growth and production. It works to
balance the elements supplementary food
within the plant because of their effectiveness
and easily absorbed by the plant when used
paper nutrition (Verkeij, 1992; Jensen, 2004
and Strik et al., 2004).

In addition to being natural materials that
leave no impact on humans and the
environment, and have the ability to stimulate
growth and development and increase its
resistance to environmental stresses. Moreover,
it increases plant resistance to diseases and
insects (Abo-Arab et al., 1998).

Therefore, implementing some field
treatments including the use of spray with
nutrient (Hortiphyte) with spraying seaweed
extract (Stymulant) have been used in this
experiment for:

1. Study the role and effect of foliar feeding
with seaweed extracts and nutrient solutions
individually or in combination on potato growth
and production, both quantity and quality.

2. Choose the optimal fertilizer treatment for
potato crop to enhance the production.

MATERIALS AND METHODS

The experiment was carried out in the
vegetable fields, Department of Horticulture
and Gardening, College of Agriculture and
Forestry, Mosul University for the spring
season 2018. The aim of the study, therefore, is

to find out the effect of foliar feeding with
seaweed extract (Stymulant forte); it is a
Spanish  production under the name of
Meristem. It contains 100% Ascoophyllum
nodosum fungi, amino acids, organic materials,
oxins, cytokine and gibberlin, as well to
potassium oxide 19% W / W and free amino
acidsl 4/4% W / W in concentrations (0, 3 and 6)
g. L™

The Hortiphyte nutrient solution is a Dutch
company production named SATCO. It
contains NPK at a concentration of 0, 20 and
3% with two elements (Mn 2% and Zn 3%) in
concentrations (0, 2 and 4) ml. liter!. They
were applied to a potato crop (Safari) of Dutch
varieties. This type however, is a result of
Obelix x Amadeus cross-breeding, which is
early in production and highly productive.

The experiment was carried out according
to randomized complete block design (RCBD)
with nine factorial factors and in three
replicates.

The tubers were planted on lines, heading
from north to south. The experimental unit
included Two meters length and width of 75 cm
and the experimental unit area was 3 m by 2 m.
The compound fertilizer K: P: N (18: 48: 0) %
added at a rate of 600 kg.ha™ for all treatments
(Al-Ubaidi, 2005). The first batch was at the
appearance of plant leaves. The second batch
was after 15 days (upon completion of the plant
leaves). The addition was scattering around
plants (10 cm from the plant) in the upper third
of the furrow. Potassium sulphate K;O (50%)
was added at 5 g. liter™ by spraying on two
leaves in two batches, the first at the flowering
stage, i.e. when the tubers originated, and the
second batch when the volume of tubers
increased, i.e. 15 days after the first spray.
Planting was starting on 25/2/2018 using tubers
with a diameter of 50-55 mm as seed for
planting (Daoud and Kassem, 2003), the
tubers were manually planted at a distance of 25
cm and a depth of 10-12 cm. The plants were
sprayed with nutrient and seaweed extract a
week after the full appearance of leaves and
repeated 3 times and 15 days between sprinkles
to another.

The studied characteristics

Eight plants were randomly selected for
each experimental unit, and the following
measurements were taken:
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1- Number of main aerial stems (stem. Plant™):
Randomly taken according to the average
number of main formed stems.

2- Plant height (cm): The average height of the
plant was measured randomly by measuring the
lengths of the main stems in a single plant from
the soil surface level to the growing top,
according to the rate.

3- The total leafy area of the plant (d 2 cm.
Plant'): The leafy area was calculated by
weight method after 70 days of planting (in the
stage of increasing the volume of tubers). Discs
with an area of 1 cm 2 were taken at a rate of 20
discs of whole plant. leaves were randomly
taken by a sharp cylinder with a diameter of 1
cm. Discs and leaves were dried in oven at a
degree of 68-70 ° C for 48 hours until the
weight is stable. The area of one leaf is
calculated in a proportionate and proportionate
way based on the dry weight of the discs and
leaves. The area of one leaf is multiplied by the
dry weight of the leaves of one plant to
calculate the leafy area of the plant.

4- Measuring the percentage of chlorophyll in
leaves: The percentage of chlorophyll in potato
plant leaves was estimated by the Chlorophyll
Meter type SPAD -502 by taking a reading
from 20 plants per experimental unit and taking
the rate (Minnotti et al., 1994), and was
measured in units of SPAD as mentioned in
(Jemison and Williams, 2006).

5- The percentage of dry matter: Five tubers
have randomly taken from each experimental
unit and for all replicates immediately after the
harvest and well washed, then left at room
temperature to dry the water on its surface. The
tubers were cut into slices at a weight of 100
grams uniformly for all treatments, and then
dried in the oven at a temperature of 70-72 ° C.
for 72 hours until the weight is fixed. Then it
weighed dry. The percentage of dry matter was
calculated in tubers.

6-Tuber weight rate (g): Calculated by dividing
the quotient of the experimental unit by the
number of tubers produced. This is after
excluding the smaller weight tubers of (25 )
and for the three replicates.

7- Average yield of one plant (g. plant™):
Calculate by dividing the total number of tubers
by the number of experimental unit plants, this
is after excluding the smaller weight tubers of
(25 g) and for the three replicates.

8- Total quotient (ton. ha™): Calculate from the
sum of one plant, the sum of the experimental
unit, and the hectare.

RESULTS AND DISCUSSION
Vegetative growth characteristics

It is evident from the results of Table (1)
that spraying the seaweed extract significantly
affected most characteristics of vegetative
growth, as the treatment of spraying was
superior to 6 g. L™ gives the highest significant
values in average stem length (cm) and number
of aerial stems. plant’ and leaf content of
chlorophyll (SPAD) and the percentage of dry
matter for the plant% that reached (90.06 cm,
4.727 stem. plant®, 52.311 SPAD, 12.006%)
respectively compared to the non-spray
treatment. spray treatment by 3 g. Liter® was
outperformed significantly compared to the rest
of the treatments in foliar area and reached
(166.89 dm?). As for the effect of the nutrient
solution, it is evident from the same table that
the two spray treatments exceed the 2 or 4 ml
concentrations. L™ was significant in the
average stem length and number of aerial stem.
plant?, with an increase of (5.10 and 15.35%),
respectively, compared to the comparison
treatment. Whereas, both concentrations did not
differ significantly from the comparison
treatment in the two characteristics of
chlorophyll and the percentage of plant dry
matter%, and the leaf area decreased when
spraying with the same two concentrations.
From the interaction factors between seaweed
extract and nutrient solution, it is clear that
spraying seaweed extract at a concentration of 6
g. L with 4 ml. L™ nutrient solution was
significantly superior by giving the highest
average length of the stem reached (82.33 cm)
compared to the rest of the treatments and did
not differ with the treatment of spraying with 3
g. L' seaweed extract; along with the same
concentration of nutrient solution or with the
treatment of spraying seaweed extract with 6 g.
L* without spraying nutrient solution.

The lowest average length of stem was in
the treatment of non-spraying feeder with
spraying seaweed extract at 3 g. L™ that reached
(68.00 cm). The average number of aerial stems
of the plant increased significantly when
sprayed by 6 g. L™ seaweed extract with 2 ml.
Liter® feed solution and reached (5.667 stem.
plant-1), compared to most interference
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treatments except spray treatment with 2 ml.
Liter™ feeder solution with no spray in seaweed
extract. The lowest average number of stems
was with the treatment of non-spraying both
solutions and results have reached (3,500 stem.
plant®), while the leaf area increased
significantly when treating spraying of seaweed
extract with two concentrations 3 or 6 g. L™
with 2 ml. L™ of nutrient solution and they did
not differ significantly between them, as it
reached (150.30 and 165.16 dm?), respectively.
The lowest value of leaf area was (101.72 dm?)
when not spraying both solutions (the
comparison).  Nutrient ~ solution at a
concentration of 4 ml. L™ with no spray with
seaweed extract had gave the highest significant

values of chlorophyll leaf content and it was
(54.267 SPAD) while it decreased to (39.933
SPAD) when comparing treatment (not
spraying with both solutions). The treatment of
spraying seaweed extract was superior to a
concentration of 6 g. L™ with 4 ml. L™ is a
significantly nutritious solution by giving the
highest value of the percentage of dry matter to
the plant (13.413%) compared to the rest of the
treatments except the treatment of spraying the
seaweed extract by 6 g L™ with 2 or 4 ml. L*
nutrient solution, while the percentage of plant
dry matter decreased to (7.777%) when
comparing treatment (not spraying with both
solutions).

Table 1. The effect of Hortiphyte and seaweed extract (Stymulant forte) on the vegetative
growth characteristics of the Safari variety

Styfmulant Stymulant St_em Nl_meer of Leafarea  Chlorophyll Plant dry
orte forte height air-stem. 5 o

m. L1 g. Lt om Plant™ (cm"?) (SPAD) matter%
0 72.00 cd 3.500 ¢ 101.72 a 39.933d 7.777d

0 3 68.00d 4,750 b 130.25¢ 51.133 ab 9.337¢c

6 79.00 a 3.666 ¢ 140.71 b 53.600 a 12.300 a

0 77.66b 5.250 a 121.49d 51.000 a d8.207 ¢

2 3 76.33 cd 4.417b 150.30 a 48.000 ¢ 8.713 cd

6 76.33 bc 5.667 a 165.16 a 51.467 ab 11.180 ab

0 73.66 ¢ 3.833¢c 118.57 de 54.267 a 8.877 cd

4 3 81.00 a 4917b 130.79 ¢ 50.767 b 10.100 bc

6 82.33 a 4.667 b 146.66 b 38.400d 13.413 a

Stymulant 0 84.22b 4.175b 119.85¢ 50.394 a 11.959 b
forte 3 84.55b 4,358 ab 166.89 a 51.311a 12.006 b

6 90.06 a 4,727 a 145.20 b 52.644 a 14.068 a

. 0 83.66 b 4.053 b 160.26 a 49.544 a 12.136 a
Hortiphyte 2 88.16a  4.788a 134.68 b 54.067 a 12.201a
4 87.00 a 4,419 a 137.00 b 50.739 a 13.136 a

Crop yield characteristics

It is noted from Table (2) that spraying seaweed
extract significantly affected all crop yield
characteristics compared to the non-spray
treatment. The spray treatment was significantly
and superior to 6 g. L compared to the
majority of the treatments in the average
number of tubers, the yield of one plant and the
percentage of dry matter for tubers%, where it
reached (13.111 tuber. Plant *, 1.63 kg and
16.127%), respectively. The two spray
treatments were superior to 3 or 6 g. L™ were
significant on the treatment of non-spraying in

terms of the average weight of tuber and total
yield, and they did not differ significantly
between them. The results of the same table
indicate that spraying feed solution with 2 or 4
concentrations. L produced the highest
significant values for the average weight of the
tuber, the yield of one plant, the percentage of
dry matter for tubers and the total production
per unit area compared to the no-spray
treatment, the increase was of (11.11 kg, 11.68
kg, 7.43% and 11.54 tons. ha'), respectively.
However, there was no significant effect from
the no-spray treatment in terms of the average
number of tubers. plant™. It is evident from the
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interaction factors between seaweed extract and
the nutrient solution, the treatment of spraying
the seaweed extract by 6 g. L™ with 2 ml. L™ by
giving the highest values in the average number
of tubers amounted to (13.417 tuber. plant™)
compared to the majority of treatments except
for the treatment of no spraying or spraying
with 6 g. L™ of seaweed extract with 2 ml. L™
feed solution or not sprayed with feed solution
with 6 g. L™ seaweed extract. The treatment of
spraying seaweed extract was highly significant
at a concentration of 6 g. L™ with spraying with
2 ml. L™ of nutrient solution in the tuber weight
ratio which reached 0.136 kg compared to all
interference treatments except for spraying
treatment with 3 g. L™ seaweed extract with
nutrient solution of 4 ml. L. The lowest value
of the average weight of tuber was (0.097 kg),
was with comparing treatment (not spraying
both solutions), while the treatment of spraying
seaweed extract at a concentration of 6 g. L™
with 4 ml. L™ was the highest yield of one plant
(1.61 kg) and was significantly superior
compared to most treatments, except for
spraying treatment with 6 g. L™ seaweed extract
with no spray or 4 ml. L nutritional solution.
The lowest value for the yield of one plant was
when no spraying with both solutions (the
comparison), where it reached (0.97 kg). The
comparison treatment was significantly superior
by giving the highest percentage of dry matter
to the tubers (17.133%) compared to some
treatments and did not differ from the
treatments of spraying the nutrient solution at a
concentration of 4 ml. L™ with seaweed extract
and three concentrations, and with spraying of
the nutrient solution at a concentration of 2 ml.
L™ and non-spraying with seaweed extract. The
lowest value for the percentage for tubers dry
matter was (12.833%) when treating spraying
with 3 g. L™ seaweed extract with 2 ml. L*
nutritional solutions. The treatment of spraying
seaweed extract was produced at a
concentration of 6 g. L™ with spraying 4 ml. L™
feed solution, the highest significant value of
the average production unit per area reached
(85.965 tons. ha') compared to all interference
treatments except spraying treatments of
seaweed extract by 6 g. L' with without
spraying or spraying with 2 ml. L™ of a nutrient
solution. The lowest value of production per
unit area as a comparison treatment (not
spraying both solutions) was 51.813 tons. ha™.
It is noted from the results of Table (1) an

increase in the average length of the stem. plant
"1 chlorophyll, and the percentage of plant dry
matter%, as it was significantly affected by
spray treatments with seaweed extract, as spray
treatment was characterized by 6 g.L™* was
significant from the rest of the transactions.
This was explained by Ramya et al., (2017) to
the role of nutrients and vitamins contained in
the seaweed extract and the role of cytokines
and amino acids of all kinds in the manufacture
and  production of carbohydrates and
chlorophylls and their impact on plant growth
in general. Doss et al. (2015) agreed that
spraying brawn seaweed at a concentration of
0.75% resulted in a significant increase in the
average length of the plant, the number of aerial
stems and the dry percentage of the plant, and
the results matched with Nawar and Sabreen
(2014) when spraying the seaweed extract
(Algae) 600 at a concentration (15 % W /
volume) and the reason was attributed to the
role of major and minor elements present in this
extract in addition to containing natural
hormones such as oxins, gibberelins and
cytokines with concentrations that lead to
improving and increasing vegetative growth.
These results were consistent with the findings
of EL-Gizawy (2000), (Turan and Kose,
2004), Al-Jabouri (2009), and Al-Tamimi
(2009). As for the effect of spraying with a
nutrient solution, spraying was given in
concentrations of 2 or 4 ml. L™ was the highest
significant mean in the average length of the
stem and the number of aireal stems, these
results matched with the findings of A-Ebadi et
al. (2007) and Al-Fadhli (2011). These
findings may due to nutrient solution containing
nutrients, including nitrogen, phosphorous,
manganese and zinc, which have an important
role in building the plant at all stages of growth,
as nitrogen has an important role in stimulating
ammonium ions NHs + as a result of
stimulating ammonia NH; and thus increasing
nitrogen.

Meanwhile, zinc plays an important role. It
works to stimulate protein building and activate
phosphate transport enzymes (Al-Sahaf, 1989)
and nitrogen has an important role in
photosynthesis as it enters with manganese in
the formation of a chlorophyll molecule and
thus encourages the division and elongation of
cells (Abu Dhahi and Yunus, 1988 and
Hassan, 1989).
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In addition, the element zinc has an important
role in plant growth, especially the vegetative
system, as it enters in many enzymes, including
dehydrogennises, aldolas and isomerases, and
to its role in the synthesis of the amino acid
tryptophan, which is the initiator of the
synthesis of oxins that have an effective role in
cell division and expansion (Abu Dhahi and

Yunus 1988), and energy production, Moysavi
et al. (2007) as well as its role in nitrogen
uptake and starch formation, Havlin et al.
(2005) and Asi (2017), in addition to the
important role of Mn and its entry into the
synthesis of some enzymes responsible for
photosynthesis of chlorophyll in the plant, AL-

Fadhly (2016).

Table 2. Effect of Hortiphyte and Seaweed extract (Stymulant forte) on the yield of Safari potato

plant
Average Tuber Average

Hortiphyte Stymulant numbeﬁg of weight yield gf Tubersdry  Total yield

m.L-! fortel tubers per ratio oneplant  matter% ton. h-!
g-L- plant kg kg

0 10.000 bc 0.097d 0.97e 17.133¢ 51.813¢

0 3 10.417 b 0.109 ¢ 1.12 de 13.500 ¢ 60.218 de

6 11.030 a 0.130 a 142 a 16.300 b 75.893 a

0 13.250 a 0.105c 1.38b 19.167 a 73.653 b
2 3 10.083 bc 0.125b 1.26 ¢ 12.833¢ 67.636 C

6 11.333a 0.136 a 153 a 15.633 bc 82.067 a
0 9.167 c 0.117b 1.07 ¢ 16.267 a 57.098 ¢

4 3 11.000 b 0.132a 1.43b 14.800 a 76.587 b

6 13.417a 0.120b 1.61a 14.667 a 85.965 a

0 10.819b 0.121b 1.29¢ 15.844 b 69.229 b

Stymulant 3 11.733b  0125a  144a  14611b  77.133a
6 13.111a 0.126 a 1.63a 16.127 a 87.390 a

0 11.800 a 0.117b 1.37b 14.800 b 73.356 b

Hortiphyte 2 11.405a 0.130 a 1.47 ab 15.883 a 78.574 a
4 12.458 a 0.124 a alb3a 15.900 a 81.822 a

The increase in the qualitative and metabolic processes and nutrient absorption

guantitative yield characteristics in Table (2)
may be explained by the significant increase in
most characteristics of vegetative growth,
which was reflected positively in vyield
characteristics. Moreover, elements of
manganese and zinc, as mentioned previously,
they have a great role of nutrients in plant
growth, agreed by Taheri et al. (2012). The
increase in the average weight of tuber, the
yield of one plant, the percentage of dry matter
of tubers and the total yield were consistent
with AL-Fadhly (2016), Arafa et al., (2012)
and Pramanick et al. (2018) and the results
were consistent with what Pramanick et al.
(2017), Taha (2011) that seaweed extract (Alga
600) has an important role in achieving
nutritional balance in plant growth due to it
contains GA3 and GA7 in addition to the
nutrients that help improve photosynthesis,

from calcareous soils (Eris et al., 2008).
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