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May 27, 2024 The experiment was carried out in one of the fie_lds b_elonging to the
Department of Horticulture and Landscape Engineering, College of
Agriculture, University of Kerbala, Al-Hasaniyya district, on 3/10/
Accepted: 2023, which is located within latitude 32° north and longitude 44°
east in mixed soil. The experiment was implemented according to a

July 07,2024 | randomized complete block design (R.C.B.D) in the order of working
experiments and with three replications. The first factor included two
Published: cultivars of beetroot (Local cultivar and Keshtzar cultivar). While

the second factor included 9 fertilizer treatments (control, adding bo-
Sept. 15,2024 | ron at a level of 10 kg ha, adding boron at a level of 20 kg ha?,
spraying tyrosine at a concentration of 100 mg L™, spraying tyrosine
at a concentration of 150 mg L1, adding boron at a level of 10 kg ha*
+ spraying tyrosine at a concentration of 100 mg L, adding boron at
a level of 10 kg ha + spraying tyrosine at a concentration of 150 mg
L, adding boron at a level of 20 kg ha! + spraying tyrosine at a con-
centration of 100 mg L™, boron addition at a level of 20 kg ha? +
spraying of tyrosine at a concentration of 150 mg L), they are indi-
cated by symbols (T1, T2, T3, T4, T5, T6, T7, T8 and T9). The re-
sults showed that the T9 treatment (boron addition at a level of 20 kg
ha + spraying of tyrosine at a concentration of 150 mg L) was su-
perior in leaf content of nitrogen, phosphorus, potassium and boron,
with averages of (2.770%, 0.5533%, 2.3800% and 41.50 mg kg™),
respectively. The same treatment also excelled in plant height, leaf
area, root weight and yield marketing averages of (48.908 cm, 180.90
cm?, 275.8 g plant™? and 45.34 ton hal), respectively. The results also
showed that the local variety excelled in the aforementioned traits
with averages of (2.071%, 0.3926%, 1.6244%, 30.91 mg kg, 53.447
cm, 194.29 cm?, 342.2 g plant™ and 55.94 ton ha'). As for the inter-
action between the factors, it was significant in all the characteristics
under study.
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Introduction

Beetroot (Beeta vulgaris L.) belongs to the saprophytic family Chenopodiaceae. It
Is a herbaceous root plant with two years, the first is vegetative growth and the sec-
ond is directed towards flowering and seed formation [1]. Beetroot is a natural mine
of nutritional elements and compounds, as it contains manganese, phosphorus, mag-
nesium, silicon, zinc and potassium, as well as vitamins, carbohydrates, amino and
organic acids [2]. It is characterized by being rich in effective compounds that have a
medical effect, such as betalains [3]. Beetroot are classified as root crops, while the
edible part is the enlarged lower embryonic stalk in addition to the upper part of the
taproot. It is one of the globally important crops [4].

The cultivation and productivity of Beetroot in Iraq is still low, as the cultivated
area for this crop reached 3000 dunums, with an estimated productivity of 8200 tons,
at a average of 2.733 tons d [5]. One of the most important reasons that contributed
to the decline in the productivity of the Beetroot crop is the failure to follow scientific
methods in agriculture, especially fertilization, which is considered one of the basic
and important factors in increasing production per unit of cultivated area [6]. To im-
prove the reality of Beetroot cultivation in Irag, new quality varieties must be intro-
duced. Good and high production, as Beetroot varieties are characterized by the pres-
ence of great variation between their varieties in many phenotypic traits, therefore,
choosing the variety is one of the determining factors for the production of roots and
seeds and their quality [7].

Boron is one of the important nutrients in plants, as it plays an important role in
food metabolism, and is involved in the process of transporting sugars and enzymatic
reactions as well as building proteins [8]. Boron works to increase the transport of
carbohydrates to their storage places and the accumulation of starch and sugar. Which
leads to improving the quality of the roots, reducing the phenomenon of cracking, and
preventing the occurrence of black spots in them and deformation of young leaves,
which consequently reflects an increase in the yield, both quantitatively and qualita-
tively [9]. Boron deficiency causes the Beetroot crop to suffer from brown heart dis-
ease, which may lead to the death of the plant [10].

Amino acids are considered one of the primary metabolic components, and they
are considered a basic substrate in the construction of proteins, so they play an im-
portant role in plant growth and development [11]. L-Tyrosine (Tyr) AAA is one of
the aromatic amino acids necessary for protein synthesis in all living organisms. This
acid is synthesized only in plants and microorganisms, and it has various physiologi-
cal roles as electron carriers, antioxidants, attractants and defensive compounds, it
can also be Some forms of it are used in human medicine, such as morphine and vit-
amin E, for example [12]. Tyrosine is a hydroxyphenyl amino acid used in building
hormones [13]. Tyrosine has an important role in water oxidation and the transfer of
electrons in the process of photosynthesis [14]. Therefore, the current study aimed to
test the efficiency of some Beetroot cultivars, in addition to determining the best fer-
tilizer combinations, in addition to finding the best interactions between the factors
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used and the extent to which this reflects on improving the productivity and quality of
the Beetroot plant.

Materials and Methods

The experiment was carried out in one of the fields belonging to the Department
of Horticulture and Landscape Engineering, College of Agriculture, University of
Kerbala, Al-Hasaniyya district, on 3/10/ 2023, which is located within latitude 32°
north and longitude 44° east in mixed soil. The experiment was implemented accord-
ing to a randomized complete block design (R.C.B.D) in the order of working exper-
iments and with three replications. The first factor included two cultivars of beetroot
(Local cultivar and Keshtzar cultivar). While the second factor included 9 fertilizer
combinations (control, adding boron at a level of 10 kg ha, adding boron at a level
of 20 kg hal, spraying tyrosine at a concentration of 100 mg L™, spraying tyrosine at
a concentration of 150 mg L™, adding boron at a level of 10 kg ha + spraying tyro-
sine at a concentration of 100 mg L™, adding boron at a level of 10 kg ha* + spraying
tyrosine at a concentration of 150 mg L™, adding boron at a level of 20 kg ha? +
spraying tyrosine at a concentration of 100 mg L, boron addition at a level of 20 kg
hal + spraying of tyrosine at a concentration of 150 mg L), they are indicated by
symbols (T1, T2, T3, T4, T5, T6, T7, T8 and T9). Boron fertilizer was added to the
soil after dissolving it in water in quantities of 10 and 20 kg per hectare, four weeks
after planting. As for tyrosine, it was sprayed in two stages, the first after growth was
complete and the second after the roots matured.

Before planting the seeds, random samples of the field soil were taken at a depth
of 30 cm and laboratory analyzes were conducted for its physical and chemical char-
acteristics in the laboratories of the Kerbala Agriculture Directorate (Table 1). Plow-
ing and soil amendment operations were also carried out after irrigating the field
abundantly to get rid of the weeds. After that, the field was divided into 18 terraces,
each terrace contained two lines, the distance between one line and another 30 cm,
and between one hole and another 20 cm. The field was divided into three replicates,
each replications containing 18 experimental units randomly distributed. As for ferti-
lizing the field, animal manure, which is poultry manure 6 ton ha*, was added before
planting. As for chemical fertilization, an amount of 150 N kg ha* 120 P kg ha! and
120 K kg ha* was used [15]. Some agricultural operations were also carried out, in-
cluding irrigation, hoeing, weeding, grafting, and pest control, as needed. The har-
vesting process took place on 1/2/2024.

Table (1): Some physical and chemical properties of field soil

Trait Unit Value
Electrical conductivity (EC) dsm™ 1.55
pH ] e 7.8
Ready nitrogen (N-NH4") ppm 345.8
Ready nitrogen (N-NO3) ppm 175.56
Ready potassium ppm 648.78
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Ready phosphorus ppm 0.891
Organic matter % 1.241
Soil texture Sandy
Soil separators % clay 3.0
Silt 9.5
Water analysis
Electrical conductivity (EC) dsm™ 2-1
pH | e 8-7
Total dissolved salts (TDS) ppm 1565

Data recorded

The percentage of nitrogen, phosphorus, potassium, and boron in the leaves was
estimated by taking five leaves from each experimental unit and drying them until the
weight was constant after washing them of dirt and dust. After the digestion process
was complete, it was estimated according to the method of [16]. Plant height (cm)
and leaf area (cm?) were also calculated In addition, root shoot weight (g plant?) and
marketing yield (kg hal).
Statistical analysis

After collecting and tabulating the data related to the study, it was statistically ana-
lyzed according to the factorial experiment system applied by randomized complete
blocks designing (R.C.B.D), the least significant difference (L.S.Dogs) test was used
to compare and separate the means [17].

Results and Discussion
Qualitative traits
Nitrogen %

The results (Table 2) showed that the effect of fertilizer treatments was significant
on the nitrogen content of the leaves, as treatment T9 was superior (2.770%) and did
not differ significantly from treatment T8 (2.502%), while control treatment gave the
lowest percentage of nitrogen in the leaves, amounting to (1.337%). The results also
showed that the effect of the variety was significant on the nitrogen content of the
leaves, as the local variety was superior, giving a percentage of (2.071%), while the
Keshtzar variety gave (1.998%). As for the interaction between the fertilizer treat-
ment and the variety, it was significant in the percentage of nitrogen, as it reached the
highest value in treatment T9 with the local variety (2.827%) and the lowest value
was found in the control treatment with the Keshtzar variety (1.075%).
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Table (2): Effect of cultivars, fertilizer combinations and their interaction on the
percentage of nitrogen in beetroot leaves (%0)

Fertilizer combinations Cultivars Means
Local cultivar Keshtzar cultivar

T1 1.697 1.075 1.377
T2 1.740 1.573 1.657
T3 1.920 1.850 1.885
T4 1.833 1.743 1.788
T5 1.917 1.817 1.890
T6 2.140 2.123 2.132
T7 2.357 2.353 2.310
T8 2.593 2.410 2.502
T9 2.827 2.713 2.770

Means 2.071 1.998

L SD Combinations Cultivars Interaction
-9.J 0.05
0.3497 0.0648 0.4945
Phosphorus %

The results (Table 3) showed that the effect of fertilizer treatments was significant
on the phosphorus content of the leaves, as treatment T9 was superior by a percentage
of (0.5533%), while the comparison control treatment gave the lowest percentage of
(0.2233%). It was noted from the same table that the local variety was superior by a
percentage of (0.3926%), while the Keshtzar variety gave a percentage of (0.3616%).
It is also noted from the table that there is a significant interaction between the ferti-
lizer treatments and the varieties, as the highest interaction was in the T9 treatment
with the local variety at a average of (0.5767%), while the lowest interaction was in
the control treatment of the Keshtzar variety at a average of (0.2100%).

Table (3): Effect of cultivars, fertilizer combinations and their interaction on the
percentage of phosphorus in beetroot leaves (%)

Fertilizer combina- Cultivars Means
tions Local cultivar Keshtzar culti-
var
T1 0.2367 0.2100 0.2233
T2 0.3100 0.2367 0.2733
T3 0.3.133 0.2767 0.2950
T4 0.3667 0.3433 0.3550
T5 0.3867 0.3800 0.3833
T6 0.4200 0.4067 0.4133
T7 0.4600 0.4200 0.4417
T8 0.4633 0.4500 0.4567
T9 0.5767 0.5300 0.5533
Means 0.3926 0.3619
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L.S.D g0s Combinations Cultivars Interaction
o 0.00585 0.1240 0.01754

Potassium %

It was noted from the results of Table (4) that there were significant differences
between the fertilizer treatments in the percentage of potassium in the leaves. The re-
sults showed that the T9 treatment was significantly superior with the highest per-
centage (2.8300%), while the control treatment gave the lowest percentage
(1.3150%). It is clear from the results of the table that there is no significant differ-
ence between the types. As for the interaction, it was significant. The treatment T9
with the local variety gave the highest interaction (2.4633%), while the control treat-
ment with the Keshtzar variety gave the lowest interaction (1.134%).

Table (4): Effect of cultivars, fertilizer combinations and their interaction on the
percentage of potassium in beetroot leaves (%0)

Fertilizer combina- Cultivars Means
tions Local cultivar Keshtzar cultivar
T1 1.3367 1.2933 1.3150
T2 1.3700 1.3443 1.3567
T3 1.4468 1.4432 1.4450
T4 1.4300 1.4167 1.4233
T5 1.5433 1.4700 1.5067
T6 1.6033 1.5300 1.5667
T7 1.6400 1.6167 1.6283
T8 1.8700 1.8200 1.8450
T9 2.4633 2.2296 2.3800
Means 1.6244 1.5904
L SD Combinations Cultivars Interaction
«9.J 0.05
0.04347 N.S 0.06148

Boron (mg kg?)

It is noted from the results of Table (5) that there are significant differences be-
tween the fertilizer treatments in the boron content of the leaves, as the T9 treatment
excelled by giving it the highest value of (41.50 mg kg™), while the control treatment
gave the lowest average of (18.73 mg kg™). The results of the same table also showed
that there were significant differences between the two varieties, as the local variety
was superior with an average of (30.91 mg kg™), while the Keshtzar variety gave an
average of (29.81 mg kg™). It is also noted from the table that there is a significant in-
teraction between the fertilizer treatments and the varieties, as the highest interaction
was in the T9 treatment with the local variety at a average of (42.13 mg kg™), while
the lowest was in the control treatment of the Keshtzar variety at a average of (18.73

mg kg?).
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Table (5): Effect of cultivars, fertilizer combinations and their interaction on the
percentage of boron in beetroot leaves (mg kg?)

Fertilizer combinations Cultivars Means
Local cultivar Keshtzar cultivar
T1 19.80 18.73 19.27
T2 29.57 29.17 29.37
T3 32.30 30.67 31.48
T4 28.43 24.77 26.60
T5 28.77 25.93 27.35
T6 30.50 30.50 28.60
T7 32.30 28.93 30.62
T8 38.35 38.37 38.45
T9 42.13 40.87 41.50
Means 30.91 29.81
L SD Combinations Cultivars Interaction
-9.J 0.05
1.369 0.645 1.936

Growth and yield indicators
Plant height (cm)

It was clear from Table (6) that there were significant differences between the fer-
tilizer treatments in plant height, as the T9 treatment was superior with an average of
(48.908 cm), and did not differ significantly from the T8 treatment, which gave an
average of (48.402 cm). Compared to the control treatment, which gave the lowest
average (43.130 cm). It was also shown through the results that the variety had a sig-
nificant effect on plant height, as the local variety was superior to an average of
(53.507 cm), while the Keshtzar variety gave an average of (38.310 cm). It was also
noted that there was a significant interaction between fertilizer treatments and varie-
ties, as the highest interaction was in treatment T9 for the local variety, with an aver-
age of (56.507 cm). While the least interaction (34.110 cm) was in the control treat-
ment for the Keshtzar variety.

Table (6): Effect of cultivars, fertilizer combinations and their interaction on the
plant height in beetroot (cm)

Fertilizer combinations Cultivars Means
Local cultivar Keshtzar cultivar
T1 52.150 34.110 43.130
T2 50.957 35.393 43.175
T3 50.647 38.750 44.698
T4 52.190 36.723 44 475
T5 52.487 38.287 45.700
T6 54.447 39.563 46.367
T7 55.483 39.563 47.523
T8 56.160 40.643 48.402
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T9 56.507 41.310 48.908
Means 53.447 38.188
Combinations Cultivars Interaction
L.S.D o5
0.8380 0.3950 1.1851

Leaf area (cm?)

The results (Table 7) showed that there were significant differences between the
fertilizer treatments in leaf area, as the T9 treatment excelled by giving it the highest
average of (180.90 cm?), and it did not differ significantly from the T7 and T8 treat-
ments, which had averages of (177.58 and 178.42 cm?), respectively, compared to the
control treatment, which amounted to (166.48 cm?). The results of the same table also
showed that the local variety was superior with an average of (194.29 cm?), while the
Keshtzar variety gave an average of (152.76 cm?). As for interference, the highest av-
erage was (203.83 cm?) in treatment T9 for the local variety, while the lowest inter-
ference was in the control treatment with an average of (148.57 cm?) for the Keshtzar
variety.

Table (7): Effect of cultivars, fertilizer combinations and their interaction on the
leaf area in beetroot (cm?)

Fertilizer combinations Cultivars Means
Local cultivar | Keshtzar cultivar
T1 184.40 148.57 166.48
T2 188.07 150.27 169.17
T3 189.97 1°50.60 170.28
T4 191.33 151.80 171.57
T5 193.43 153.10 173.27
T6 196.77 151.30 174.03
T7 199.93 155.23 177.58
T8 200.87 155.23 178.42
T9 203.83 157.97 180.90
Means 194.29 152.76
L SD Combinations Cultivars Interaction
.Y 0.05
5.292 2.495 7.484

Marketing root weight (g plant™)

The results (Table 8) indicated that there were significant differences between the
fertilization treatments in marketable root weight, as the T9 treatment excelled with
an average of (275.8 g plant), and did not differ significantly from the T8 treatment,
which reached an average of (271.2 g plant?), compared to the control treatment that
reached (271.2 g plant?). The lowest average was (224.5 g plant?). From the results
of the same table, it was noted that the local variety was superior with an average of
(342.2 g plant?), while the Kashtzar variety gave an average of (166.0 g plant™). The
results also showed a significant interaction between fertilizer treatments and varie-
ties, as the highest interaction was in the T9 treatment for the local variety, with an
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average of (357.7 g plant), while the lowest interaction was in the control treatment
for the Kashtzar variety, with an average of (120.0 g plant?).

Table (8): Effect of cultivars, fertilizer combinations and their interaction on the
marketing root weight in beetroot (g plant?)

Fertilizer combinations Cultivars Means
Local cultivar Keshtzar cultivar
T1 329.0 120.0 224.5
T2 332.3 122.3 227.3
T3 332.0 129.7 230.8
T4 334.0 170.3 252.2
T5 342.7 185.7 264.2
T6 353.7 187.0 270.3
T7 352.0 188.3 270.5
T8 349.0 193.3 271.2
T9 357.7 194.0 275.8
Means 342.2 166.0
L SD Combinations Cultivars Interaction
«9.LJ 0.05
4.12 3.10 8.83

Marketing yield (ton ha?)

The results (Table 9) show that there are significant differences between fertilizer
treatments in plant productivity. The T9 treatment excelled by giving the highest av-
erage (45.34 ton hat), compared to the control treatment, which gave the lowest av-
erage (41.49 ton ha?). The results also show that there are significant differences be-
tween the varieties, and the local variety gave the highest average (55.38 ton ha),
while the Kashtzar variety gave an average (32.31 ton ha). As for the interference,
the highest average was (58.38 ton ha) in the treatment of the local variety, while
the lowest interference was in the control treatment of the Kashtzar variety, with an
average of (32.31 ton ha?).

Table (9): Effect of cultivars, fertilizer combinations and their interaction on the
marketing yield in beetroot (ton ha)

Fertilizer combinations Cultivars Means
Local cultivar Keshtzar cultivar
T1 54.43 28.56 41.49
T2 55.63 29.67 42.65
T3 55.78 29.87 42.82
T4 5452 28.62 41.57
T5 54.56 28.63 41.59
T6 56.21 29.94 43.05
T7 56.34 30.21 43.27
T8 56.36 30.26 43.31
T9 58.38 32.31 45.34
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Means 55.94 29.93
Combinations Cultivars Interaction
L.S.D q05
2.342 3.567 1.982

We note from the results (Tables 2, 3, 4 and 5) that fertilizer treatments caused
significant differences in the plant’s content of chemical elements. It was observed
that the T9 treatment was superior (boron addition at a level of 20 kg ha® + spraying
of tyrosine at a concentration of 150 mg L) and this may be attributed to the role of
tyrosine (amino acid), which contains nitrogen in its composition. In turn, it leads to
an increase in the percentage of nitrogen in the leaves, and at the same time it can
stimulate the absorption of other nutrients, which is reflected in an increase in their
content in beetroot leaves [18,19]. In addition to the role of boron in transferring the
outputs of photosynthesis to the roots, which increases root growth and increases the
absorption surfaces in the root system, which increases the absorption of nitrogen,
phosphorus, and potassium and increases the percentage of these elements in the
leaves [20], as for increasing the percentage of boron. In the leaves, this may be due
to the leaves obtaining a good percentage of boron during the fertilization process
when it is added in the form of fertilizer (borax), causing an increase in the percent-
age of boron in the leaves [21,22].

It is also noted that the two varieties under study differ in their content of chemical
elements, as the local variety is superior to the foreign variety Keshtzar in the leaves’
content of nutritional elements. This may be attributed to genetic variation between
the varieties, or to the positive interaction of the genetic makeup of the variety with
environmental conditions, which contributed to exploitation. Optimization of the nu-
trients available in its surroundings and thus was reflected in an increase in the con-
tent of elements in the plant, and this is consistent with what was mentioned by [23].

The results presented (Tables 6, 7, 8 and 9) show that fertilization with boron and
amino acids has an important role in promoting the growth of plants and increasing
their height and the area of their leaves. The boron element helps in transporting sug-
ars and other organic products from the leaves to the different parts of the plant, and
this enhances the growth of plant tissues and increases the growth of roots. It also
plays a vital role in increasing the absorption of other nutrients, such as which leads
to efficient growth and development processes, and thus is reflected in increasing the
height of the plant and increasing its leaf area. It is also reflected in increasing the
weight of the roots, and thus these positive conditions together contribute to increas-
ing the plant’s yield [24]. As for the role of amino acids, they are the basic unit in
building proteins that are necessary for the growth and development of plant cells.
Increasing the availability of amino acids contributes to the formation of proteins
necessary for tissue growth, which stimulates many vital processes such as photosyn-
thesis and cellular respiration, which increases the production of energy that can It is
reflected in an increase in growth indicators and yield [25], in addition to its role in
increasing the efficiency of absorption of nutrients from the soil, which contributes to
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better growth and an increase in the size of leaves and plant height and thus reflects
positively on an increase in plant yield [26].

It is also noted that the plant variety has a significant effect on vegetative growth
indicators, as the local variety outperforms the Keshtzar variety in plant height and
leaf area. This is attributed to the nature of the differences between the genetic com-
positions of the beet plant varieties, or the reason may be due to the extent of the va-
riety’s adaptation to environmental conditions, which results in a variation in The ef-
ficiency of the photosynthesis process, which leads to an increase in the accumulation
of processed food materials (carbohydrates), which affects cell division and devel-
opment in the plant, which is reflected positively in increasing the height of the plant
and the leaf area of the beetroot plant [27,28].

We can conclude from this study that the genetic composition of the variety plays
an important role in increasing the qualitative and vegetative indicators, as well as the
yield and its components, through the variety’s efficiency in adapting and responding
to the prevailing conditions in the region. Also, the fertilizer combinations between
boron and tyrosine acid played a fundamental role in increasing the plant’s ability, to
exploit the resources available in the soil, which was reflected in an increase in the
characteristics under study.
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