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The experiment was carried out in one of private
nurseries in Diwaniyah Governorate, Iraq, for 2022
agricultural season to study the effect of spraying
with beetroot root extract in concentrations (0, 10, 20
ml I'), potassium sulfate in concentrations (0, 1.5, 3
gm IY) and the interaction between them on some
vegetative, chemical and fruit Quality of strawberry
plant., Factorial experiment was conducted
according to randomized complete block design
(RCBD) with three triplicates and compared
between treatments by using the least significant
differences (LSD) at 0.05 level. Interaction between
treatments were also statistically significant;
however, the B:K> treatment yielded the most
significant increases in leaf area, relative
chlorophyll, Concentration of nitrogen in leaf
nitrogen, phosphorus, potassium, iron, fruit size and
weight, substance dry matter percentage and the total
soluble solids in fruits amounted to 17.15%, 80.48
cm? leaf!, 63.30 SPAD unit, 2.19%, 0.232%, 1.74%,
198.00 mg kg*, 34.28 gm fruit?, 49.61 cm?, 13.94%,
respectively.
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Introduction

Strawberry is a perennial herbaceous crop, it is belong to rosacea family, specifically
the Fragaria genus and species Fragaria x ananassa. There are few tiny fruits as
significant as this one, and it grows all around the globe. Its spread is due to its ability
to adapt to different environmental conditions, high nutritional value, and the speed of
its entry into growth and production (7). The genus Fragaria includes about 45 wild
and farmed species, believed to be native to alps and the Massif-Central regions in
France, from where they spread to the rest of Europe and North Asia (6). Strawberry
cultivation's cultivation area in 2021 was approximately 389,665 hectares, and its
global production rate was about 9.175 million tons. It is widely used in over 63 nations
(13). Strawberry cultivation in Iraq is relatively recent (14), and most of the
strawberries eaten in Iraq come from neighboring nations because their cultivation is
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restricted to scientific experiment stations, a few family gardens, and tiny agricultural
areas (29).

The strawberry plant has a shallow and medium-spreading root system. The fruit is
rich in minerals, fibers, vitamins, proteins, carbs, and phenolic compounds like
anthocyanins and others, and it also has a high nutritional and medicinal value.
Notably, Shillik fruits contain a lot of vitamin C, a substance that reduces
inflammation. Fruits, which are rich in antioxidants, can help prevent cancer, heart
disease, high blood pressure, and other long-term health problems (15, 16, 26, 28 and
33).

Fertilization is essential for many plants, but strawberries are particularly important.
Foliar fertilization makes up for deficiencies in some essential components and
nutrients, which boosts the plant's efficiency in meeting quality and aesthetic standards
for fruit production. Studies have proven that adding chemical fertilizers in large
quantities causes increased environmental pollution and health damage to humans and
animals (30).

The extract of the roots of the beetroot contains antioxidants due to the presence of
Betalain, phenolic acids, saponins, alkaloids, steroids, triterpenes, catechin, flavonoids
and nutrients calcium, phosphorus, iron, vitamins, vitamin B and folic acid. The roots
of the beetroot are considered a functional food because its valuable active components
such as minerals, amino acids, phenolic acid, flavonoids, betaxanthin, and betacyanin
contain a large number of bioactive elements (8 and 31).

Potassium impacts many essential plant functions, including respiration,
photosynthesis, transpiration, and stomatal opening and shutting (1) Plants need
potassium in large quantities, even though it is not included in any organic compound.
It is one of the mobile elements within the plant and moves when needed within the
plant tissues. Hence, the lower or older leaves and the young leaves are the first to show
indications of their deficit (4). Its high concentration and mobility inside the plant make
potassium the ideal monovalent cation for enzyme activation. Fertilization with
potassium must consistently include its addition because it is vital to plant nutrition. It
increases the synthesis of ATP (plant energy) and multiple oxidative phosphorylation
and is crucial for structure (9). Protein synthesis, essential for fruit enlargement, plays
a significant role in stomatal movement, stabilizes pH, and allows cells to expand (11).
In addition to its function in protein metabolism, potassium is a vital enzyme activator.
It has an effect on the amount of water in the leaves as well as their chlorophyll
formation (12). This study was conducted on apricot trees, a Royal variety, in which
potassium humate was used. Also, in a study in which foliar spraying with potassium
sulfate at a concentration of 1 gm was used, it significantly increased the characteristics
of vegetative growth and the content of N, P, K, and chlorophyll in the leaves and
increased the weight of the fruit and the percentage of dissolved solids of strawberry
fruits (27).

The study aims to determinels to study the effect of using beetroot root extract and
potassium sulfate under protected environment conditions and to demonstrate the effect
of their interactions on the growth and production of strawberry plants.
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Materials and Methods

This study was conducted in one of private nurseries in Diwaniyah Governorate for
the period from 12/1/2021 to 6/1/2022 The diameter of each anvil is (15 cm) and it
contains 1 -2 pairs of true leaves, with similar in terms of growth. The anvils were
placed on wooden terraces and placed inside plastic tunnels with a height of 75 cm and
the distance between one plant and another was 25 cm. The taken plants were treated
with a fungicide and insecticide as a preventive measure for the plants. Fertilization
operations were carried out with NPK fertilizer, which included the use of the
following fertilizers 20-20-20 and watering according to the needs of the plants by
dissolving (3 gm I') of fertilizer as a fertilizer recommendation for each anvil. The
Randomized Complete Block Design (R.C.B.D.) was used to conduct the factorial
experiment with three components. There were a total of nine treatments across three
sectors in the experiment, with three plants per unit. This brought the grand total of
plants utilized in the experiment to 81. We used the L.S.D. test at the 5% confidence
level to compare means after statistical analysis of the data (3). The data were analyzed
using the Genstat program. The research included a study of two factors: the first factor
was spraying with potassium sulfate at concentrations (0, 1.5 and 3 gm L) and the
second factor was spraying with an extract of beetroot roots, which was prepared after
heating every half kilogram with a liter of distilled water to the boiling point (100°C)
and then used according to the concentrations (0, 10, 20 ml L), spraying process was
carried out at three times (1/1, 1/15, and 1/30) in the early morning of each
appointment.

Studied attributes:
Leaf dry weight percentage (%)
Leaf area (cm? leaf 1)

Vegetation food (SPAD unit leaf!) An on-the-go SPAD-502 chlorophyll meter
from MIMOLTA CO. LTD. JAPAN was used to get a rough reading of the leaf
chlorophyll concentration while we were out in the field.

Nitrogen N%: Nitrogen was estimated using the Micro Kjeldahl device, as
mentioned in (17).

Phosphorus P%: An 80 D UV-VIS Spectrophotometer operating at 662 nm
measured phosphorus in solutions containing ammonium molybdate and ascorbic acid
(23).

Potassium K%: Potassium was estimated using a flame photometer, as mentioned
in (10).

Iron Fe mg. L% Estimated using the Atomic Absorption Spectrophotometer as
mentioned in (5).

Fruit weight (gm fruit?)
Fruit size (cm? fruit?)
Total dissolved solids (TSS %)

This characteristic was measured using a manual refractometer. Five ripe,
homogeneous fruits from each experimental unit were cut into slices and crushed in an
earthen jar. After filtering the juice with cotton cloth, an average of two readings was
taken to reduce the error.
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Results and Discussion

Leaf dry weight percentage (%): Results in table 1 showed that there are a significant
differences between the two factors and their interaction. Spraying treatment with
beetroot extract B, (20 ml IY) recorded the highest average percentage of leaf dry
matter, amounting to 15.09%, while the treatment without spraying recorded Bo (0 at a
concentration of (0 ml 1Y) lowest percentage was 10.69%. Spraying with potassium
sulfate, as treatment Kz (3 gm L) recorded significant differences in the percentage of
dry matter of the leaf, amounting to 14.17%, while the treatment without spraying Ko
(0 gm L) recorded the lowest percentage, amounting to. 12.56%. It was noted that the
interaction between the factors that there was a significant effect, as treatment B2K>
(bean root extract at a concentration of 20 ml L™ + potassium sulfate at a concentration
of 3 gm L1) gave the highest values, reaching 17.15%, and the measurement treatment
BOKO recorded the lowest value, amounting to 10.32%.

Table 1: Effect of spraying with beetroot extract and potassium sulfate on the
percentage of strawberry leaf dry matter (%0).

Beet root extract B Potassium sulfate Average
Ko Ki K> B

Bo 10.32  10.50 11.24 10.69

B 13.24  13.66 14.12 13.67

B. 1413 13.99 17.15 15.09

Average K 1256 12.72 14.17

K*B =0.80 K=0.46 B=0.46 L.S.D

Leaf area (cm? leaft): It is clear from the results of Table 2 that there is a significant
effect of the research factors on this trait, as the spray treatment with beetroot extract
B gave the largest leaf area, amounting to 73.86 cm? leaf?, superior to the unsprayed
treatment Bo, which gave the lowest leaf area, 44.28 cm? leaf"*. We note the superiority
of the potassium sulfate K> treatment over rest of the treatment for this factor also gave
it the highest leaf area, which amounted to 63.73 cm? leaf?, while the measurement
treatment Ko gave it the lowest leaf area, which amounted to 52.93 cm? leaf . It was
also observed that there was a significant effect between the study factors when they
interacted in this characteristic, when treatment B2K> gave the highest leaf area of
80.48 cm? leaf!, superior to the rest of the treatments, while treatment BoKo gave the
lowest leaf area of 40.96 cm? leaf ™.

Table 2: Effect of spraying with beetroot extract and potassium sulfate on leaf
area of strawberry plants (cm? leaf!).

Beet root extract Potassium sulfate Average
B Ko Ki Kz B
Bo 40.96 44.22 47.66 44.28
B 50.85 54.71 63.03 56.20
B> 66.97 74.12 80.48 73.86
Average K 52.93 57.68 63.73
K*B =1.272 K=0.735 B =0.735 L.S.D

Chlorophyll (SPAD unit leaf?): Results of Table 3 Showed significant differences
for the two factors and the interaction between them, as spraying with treatment
beetroot extract was significantly superior to the treatment without spraying Bo, as
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treatment B> recorded the highest value, amounting to 61.26 Spad unit. In contrast, the
treatment without spraying, Bo, recorded the lowest value, reaching 42.69 Spad unit.
As for foliar spraying with potassium sulfate, there were significant differences
between the K> treatment, with the highest value reaching 56.65 Spad unit, while the
treatment without Potassium sulfate, Ko recorded spray recorded the lowest value,
amounting to 47.71 Spad unit. The interaction coefficients Between treatments showed
a significant differences between the study factors showed significant differences, as
the B2K> treatment gave the highest value, amounting to 63.30 Spad unit, with a
significant difference for all transactions, while the measurement treatment BoKo gave
the lowest value, amounting to 30.99 Spad unit.

Table 3: Effect of spraying with beetroot extract and potassium sulfate on
relative chlorophyll of strawberry leaf (SPAD unit leaf?).

Beet root extract Potassium sulfate Average
B Ko K1 Kz B
Bo 30.99 47.44 49.63 42.69
B1 53.03 54.67 57.00 54.90
B2 59.10 61.37 63.30 61.26
Average K 47.71 54.49 56.65
K*B =1.130 K =0.652 B =0.652 L.S.D

Nitrogen concentration in leaves (%): According to Table 4 the nitrogen
concentration in the leaves is significantly increased by using the highest nitrogen
concentration in leaves was in treatment B, and reached to 2.39%, while the treatment
with the lowest nitrogen percentage was in treatment BO and reached to 1.67%. above,
the highest rate of nitrogen concentration 2.19% was achieved by spraying with
potassium sulfate Kz, whereas the lowest concentration 1.92% was achieved by
treatment Ko. While plants in the interaction treatment BoKo recorded the lowest
percentage of nitrogen at 1.47%, treatment B2Ko> recorded the highest percentage of
nitrogen at 2.19% when sprayed with beetroot extracts and potassium sulfate,
according to the significant binary interaction of the study factors.

Table 4: Effect of spraying with beetroot extract and potassium sulfate on
percentage of nitrogen in strawberry leaves (%0).

Beet root extract Potassium sulfate Average
B Ko K1 K B
Bo 1.47 1.68 1.87 1.67
B1 2.01 2.10 2.19 2.10
B2 2.29 2.36 2.52 2.39
Average K 1.92 2.05 2.19
K*B =0.04 K =0.02 B=0.02 L.S.D

Phosphorus concentration in leaves (%): Table 5 shows that the phosphorus
concentration was dramatically altered by spraying with levels concentration of
beetroot extract B. Treatment B> had the maximum concentration of 0.214 percent,
while treatment Bo had the lowest content of 0.167 percent. Spraying with potassium
sulfate at K> tratment therapy with potassium sulfate K> had the greatest concentration
and the most noticeable effect. Treatment Ko had the lowest concentration, at 0.178%,
while the concentration reached 0.196%. The interaction treatment B2K2 showed a
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significant increase in the phosphorus concentration in the leaves, as it recorded the
highest content (0.232%), while the control treatment BOKO recorded the lowest
content in the phosphorus concentration in the leaves (0.196%).

Table 5: Effect of spraying with beetroot extract and potassium sulfate on
percentage of phosphorus in strawberry leaves (%).

Beet root extract B Potassium sulfate Average
Ko K1 Kz B
Bo 0.163 0.166 0.171 0.167
B 0.176 0.181 0.185 0.181
B> 0.196 0.213 0.232 0.214
Average K 0.178 0.187 0.196
K*B =0.005 K =0.003 B =0.003 L.S.D

Potassium concentration in leaves (%): Results in Table 6 showed that beetroot
extract significantly affected potassium content, as treatment B2 showed the highest
potassium content in leaves at a concentration of 1.69%, while treatment BO produced
the lowest at 1.47%. Regarding potassium sulfate, treatment K2 achieved the best
potassium content at a concentration of 1.63%, while treatment KO achieved the lowest
rate at 1.55%. As for the interaction treatment B2K2, it recorded the highest potassium
content in leaves at 1.74% compared to the control treatment BOKO, which recorded
the lowest potassium content at 1.43%.

Table 6: Effect of spraying with beetroot extract and potassium sulfate on
percentage of potassium in strawberry leaves (%6).

Beet root extract B Potassium sulfate Average
Ko K1 K2 B
Bo 1.43 1.45 1.51 1.47
B1 1.57 1.60 1.63 1.60
B2 1.65 1.68 1.74 1.69
Average K 1.55 1.58 1.63
K*B =0.014 K =0.008 B =0.008 L.S.D

Iron concentration in leaves (mg kg dry matte): Results of Table 7 showed that
beetroot extract had a significant effect on increasing the iron concentration in
strawberry leaves, B, Treatment the highest rate, amounting to 195.36 mg kg, while
treatment Bo gave the lowest iron content, amounting to 163.92 mg kg™ For the
treatment, spraying with potassium sulfate K> gave the highest Concentration of iron,
amounting to 189.11 mg kg, while treatment Ko gave the lowest Concentration of
iron, amounting to 173.35 mg kg™. The binary interaction showed a significant effect
in increasing Iron concentration in strawberry leaves, and the B2K> treatment gave the
highest concentration of 198.00 mg kg™ compared to the treatment BoKo, which
recorded the lowest iron concentration in the leaves of 144.89 mg kg™
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Table 7: Effect of spraying with beetroot extract and potassium sulfate on iron
concentration in strawberry leaves (mg kg™ dry matte).

Beet root extract B Potassium sulfate Average
Ko K1 Kz B
Bo 144.89 167.05 179.83 163.92
B 182.67 185.83 189.50 186.00
B2 192.50 195.58 198.00 195.36
Average K 173.35 182.82 189.11
K*B =2.69 K=155 B=155 L.S.D

Fruit weight (g fruit?): Table 8 shows a significant differences in fruits fresh weight
after spraying with beetroot extract. The highest Was 32.39 g fruit™ was achieved by
spraying treatment B>, while the lowest rate was 17.40 g fruit-1 by treatment Bo. The
rate of increase in average fresh fruit weight was greatest (27.19 g fruit?) in the K
spraying treatment with potassium sulfate and lowest (22.69 g fruit®) in the Ko
treatment. There was also a significant interaction between the two study factors in
increasing fresh weight, and treatment B2K> was characterized by giving the highest
average fruit weight of 34.28 g fruit™, while treatment BoKo gave the lowest rate of this
trait of 15.64 g fruit™.

Table 8: Effect of spraying with beetroot extract and potassium sulfate on the
fruit weight of strawberry plants (g fruit?).

Beet root extract B Potassium sulfate Average
Ko K1 K2 B
Bo 15.64 17.26 19.31 17.40
B1 22.46 25.41 27.98 25.29
B2 29.96 32.94 34.28 32.39
Average K 22.69 25.21 27.19
K*B =0.49 K =0.49 B =0.49 L.S.D

Fruit size (cm?® fruit™): Table 9 indicate there was a significant effect of beetroot
extract on fruit size of strawberry plant. B> treatment recorded the highest average fruit
size, amounting to 46.62 cm? fruit™*, compared to treatment Bo, which gave the lowest
size, amounting to 28.94 cm®. Fruit® Treatment with potassium sulfate also increased
the average size of the fruit in treatment Kz as the highest size was recorded at 40.99
cm?® fruit, compared to the average fruit size of the plants in the mentioned Ko
treatment, which recorded the lowest size, which was 35.09 cm?® fruit. As for the
interaction between the two study factors, it showed the significant effect of the fruit
size characteristic, as the highest significant average of 49.61 cm? fruit™ was recorded
when spraying with the B2K> interference treatment compared to the BoKo control
treatment, which recorded the lowest strawberry fruit size of 26.06 cm? fruit™.
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Table 9: Effect of spraying with beetroot extract and potassium sulfate on the
fruit size of strawberry plants (cm? fruit).

Beet root extract B Potassium sulfate Average
Ko K1 K2 B
Bo 26.06 28.35 32.40 28.94
B1 35.55 38.48 40.95 38.33
B2 43.66 46.61 49.61 46.62
Average k 35.09 37.81 40.99
K*B =0.42 K=0.24 B=0.24 L.S.D

Total dissolved solids (TSS %): Results of Table 10 showed that the percentage of
total soluble solids in the fruits of the strawberry plant was significantly affected by
spraying with beetroot extract and potassium sulfate, as the spraying treatment with
Beetroot extract B achieved the highest percentage of total soluble solids, 12.56%,
compared to the average recorded by the treatment Bo For the trait, it reached 7.35%,
and the spraying treatment with potassium sulfate K at a concentration of 3 gm I
recorded a significant effect on the average total dissolved solids in the fruits which
amounted to 10.78%, while the Ko treatment recorded the lowest percentage,
amounting to 8.92%. factors, treatment B2K> recorded the highest percentage of total
soluble solids in the fruits when sprayed with beetroot extracts and potassium sulfate,
which recorded 13.94%, compared to the control plants BoKo, which recorded the
lowest percentage, amounting to 6.73%.

Table 10: Effect of spraying with beetroot extract and potassium sulfate on the
total soluble solids of strawberry fruits (%6).

Beet root extract Potassium sulfate Average
B KO K1 K2 B
BO 6.73 7.17 8.14 7.35
B1 8.89 9.75 10.26 9.63
B2 11.14 12.60 13.94 12.56
Average k 8.92 9.84 10.78
K*B =0.28 K=0.16 B=0.16 L.S.D

Spraying with beetroot extract had improved the vegetative growth characteristics
of the leaves, represented by the percentage of dry matter of the leaf, the area of the
leaf, the relative chlorophyll content of the leaf, the nutritional elements (N, P, K, and
Fe) of the leaf, and the fruiting characteristics of the weight of the fruit, the size of the
fruit, and the percentage of dissolved solids. This may be because the beanroot roots
contain potassium, phosphorus, calcium, magnesium, and iron, which have an essential
role in increasing the metabolic activities of the plant including potassium, which
works to activate the enzymes that synthesize amino acids and proteins, and also helps
in the Metabolic of chlorophyll, which is necessary for the process of photosynthesis
and the formation of proteins, sugars, and the energy compounds ATP, which It leads
to increased vegetative growth. Perhaps because beetroot roots contain antioxidants,
vitamins A and C, proteins, carbohydrates, and pigments derived from betalain, which
includes the red-purple betacyanin betanin and the yellow betaxanthin fucoxanthin, and
these are consistent with (19, 21, 22 and 25).
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The reason behind this is its involvement in various growth processes, including cell
division stimulation, enzyme activation that promotes plant part growth, and an
increase in the efficiency of photosynthesis. This is achieved by increasing the leaves'
area and the number of carbohydrates and proteins built into plant tissues (2). Along
with the impact of this acid on the plant's metabolic activities and the activation of
enzymes involved in chlorophyll production a key component of photosynthesis and
the formation of sugars, proteins, and energy compounds all of which contribute to the
expansion of the plant and the observed vegetative growth traits (21). Moreover, this
leads to moral superiority in all studied traits (19). Since potassium improves
photosynthesis and cell division, it stands to reason that it would lead to superiority in
all traits examined. Raising both their quantity and size (18). As a bonus, it facilitates
the movement of carbs to various locations within the plant.

Additionally, potassium helps attract water into the cell vacuole by generating mild
osmosis. Stomatal mobility in leaves is one of the cell's functions. Since potassium
increases protein metabolism and activates several physiological processes, it is
reasonable to assume that it functions in plant development and growth (32). because
of this, the proportion of total dissolved solids, chlorophyll, vegetative growth, leaf
area, and metabolism increased, leading to larger and heavier fruits (24).

Conclusions

From the results presented in Tables 1-10, we noticed that beetroot extract at a
concentration of 20 ml L (B,) and spraying with potassium sulfate at a concentration
of 3 g L (K2) gave significant superiority in the studied traits, and the best results were
the B2K2 intervention treatment.

Recommendations: From the above, we can recommend the following:

1. Use concentrations of 20 ml I-1 of beetroot extract and 3 g | of potassium sulfate,
individually or in combination, to record the best results.

2. Conducting other experiments on other varieties and fruit trees to determine the
direct and indirect effects of the study factors of spraying with beetroot root extract
and potassium sulfate on plant growth.
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