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ABSTRACT

The experiment was conducted in one of lath houses of Fruit Section belong to
Department of Horticulture and Landscape Engineering, College of Agricultural
Engineering Sciences, University of Baghdad, Research Station (B) for 2022 season to
study effect of spraying with the growth regulator melatonin, potassium, and zinc on
the growth of 3-year-old kumquat saplings Budded on lemon rootstock. A factorial
experiment consisting of three factors with three replicates was conducted, using the
Randomized Complete Block Design
(RCBD) experimental design. The factors were foliar spraying with melatonin,
potassium sulfate, and organic zinc. The addition was made at two times: spring and
autumn. The results were as follows, where the main factor of the three factors, their
interaction, had a significant effect on the traits under study. The results indicate that
the concentration of 20 mg L of melatonin outperformed in the following vegetative
traits (plant height, stem diameter, number of branches, number of leaves, leaf area).
The same factor also increased the plant content of the following chemicals (nitrogen,
potassium, zinc, chlorophyll, carbohydrates). It is also observed that potassium sulfate
at a concentration of 3000 mg L and organic zinc at a concentration of 1000 mg L™
gave the highest measurements for the same traits affected by melatonin.

Keywords: Plant height, Kumquat, Chlorophyll, Leaf area, Dry matter.
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INTRODUCTION

Citrus trees are evergreen trees that belong to the Rutaceae family, which is
characterized by the presence of oily glands with a distinctive aromatic odor in most parts of
the plant. This family includes many genera that are distributed in tropical and subtropical
regions between latitudes 40 north and south of the equator. This family includes three
important commercial genera, namely (Ponirus and Fortunella, and Citrus). The genus
Fortunella is one of these genera and four main species are attributed to it (F. japonica, F.
margarita. F. crassifolia and F. hindsii). (Zhang & Mabberley, 2008; Ortiz, 2002). This
genus adapts to a wide range of environmental conditions ranging from tropical humid hot
climates to warm subtropical regions to even cold coastal areas (Ahmed & Salih, 2023).
Phytomelatonin was discovered in plants and is also found in bacteria, algae, protozoa,
invertebrates, and mammals. It also appears that bone marrow, the digestive system, the
retina, and immune cells participate in the biosynthesis of melatonin. Melatonin acts as a
biological protective molecule that can cope with physical, chemical, and biological effects.
Melatonin has been studied for its role in plant stress tolerance. It has been shown to protect
plants from a variety of stress factors, both physical (heat, cold, ultraviolet radiation) and
chemical (salinity, drought, waterlogging, heavy metals, mineral deficiency, and pesticide
damage). Melatonin works to improve membrane stability and also induces the expression of
genes for antioxidant enzymes. It also enhances resistance to biological stress factors, such as
extreme temperatures, radiation, and osmotic regulatory responses of stomata (Rehaman et
al., 2021; Negi et al., 2022). In an experiment conducted by Hu et al., (2022) on trifoliate
orange saplings, using four melatonin concentrations, the melatonin-treated saplings showed
better growth performance, especially at the concentration of 100 pM.17%, It gave a significant
increase in plant height, stem diameter, and total dry weight of the plant and root. In an
experiment conducted by Manafi et al., (2022) on strawberry plants, they found that
treatment with melatonin at a concentration of 100 pM.1" led to an increase in the plant's
chlorophyll content, inhibition of pigment degradation, and improved water exchange with
reduced oxidative damage by free radicals by activating antioxidant enzymes. In an
experiment conducted on different varieties of citrus, it was found that the use of melatonin
increased the leaf membrane permeability, resulting in a decrease in the relative water
content of the leaves. It was observed that both of these traits improved when melatonin was
used, in terms of leaf water content and membrane permeability. Spraying melatonin
externally improves the growth of citrus because it increases the physiological processes that
raise the plant's content of important chemical elements (Saadoun & Al-Juthery, 2018;
Korkmaz et al., 2022). The main reason for the increase in growth in plants is due to the
addition of chemical fertilizers, especially the macro-nutrients, where it was observed that
potassium fertilization leads to an increase in vegetative growth and a high accumulation of
nutrients in the plant. A study found that potassium fertilizer treatment can effectively reduce
the cracking of citrus fruits. It also increases their size, as it enhances the metabolism of
amino acids in the citrus peel and works to accelerate the consumption of gibberellins (Jiao
et al., 2022).

Potassium also played a critical role in photosynthesis. If potassium is not present in
sufficient quantities, the complex reactions in the plant lead to a reduction in photosynthetic
carbon. The focus was the structure of chloroplasts, light-dependent reactions and
photosynthesis and the diffusion of carbon dioxide, which is considered the main substrate
for photosynthesis in chloroplasts. It also contributed to the loading of the phloem and the
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transport of photosynthesis products over long distances and in the photoprotection of the
photosynthetic system (Al-Dulaimi & Al-Jumaili, 2017;0sama, 2022). A study conducted
by Moura et al., (2023) aimed to evaluate the effects of irrigation depth and potassium doses
on fig quality under semi-arid conditions. It was carried out with four levels of irrigation, and
four concentrations of potassium (K20). The results showed that water deficit reduced fig
productivity, and that irrigation levels equal to or greater than 100% of Et.. lead to a
cumulative increase in growth during growth cycles. Moreover, potassium fertilization
alleviated water stress in fig plants, allowing for a reduction in irrigation levels, especially in
the second year.

The deficiency of zinc inhibits the cell division process, resulting in stunting and
weakened growth of the plant in general, and the leaves in particular. This is one of the most
important signs of zinc deficiency in plants (Al-Ahmad et al., 2023). It also prevents
glucose from being converted into sugar, starch, or cellulose, increases the plant's content of
organic acids, and stops protein synthesis (Al-Atrushy, 2021; Al-Azzawi & Al-Ibadi,
2017). Zinc plays a key role in the biosynthesis of chlorophyll, but it does not play a direct
role in photosynthesis. Therefore, yellowing of the leaves is a symptom of zinc deficiency
due to a lack of chlorophyll formation. Zinc also plays a major role in the plant's utilization
of phosphorus by helping to convert it from inorganic phosphate to organic compounds
(Ibrahim & Tayib, 2019). A study was conducted to investigate the effect of foliar
application of micronutrients on flowering and fruit formation in mandarin (Citrus reticulata
Blanco). The foliar treatments consisted of zinc and boron sprays at concentrations of (0.15%
zinc, 0.04% boron), (0.1% zinc + 0.02% boron), and (0.05% zinc + 0.04% boron). Twenty
trees of the same age and height were selected. Foliar application of micronutrients was done
twice, the first spray 45 days before flowering and the second spray two days after full
bloom. The results revealed that different combinations of micronutrients significantly
affected flowering, fruit set, fruit growth rate, and fruit drop rate. The use of boron, zinc, or a
combination of the two was effective in promoting flowering and fruit set as well as reducing
fruit drop in mandarin (Ruchal et al., 2020). A study was conducted on local orange trees
(Citrus sinensis L.) to investigate the effect of spraying gibberellin at a concentration of 20
mg.L™?, urea 0.05 %, and zinc (zinc sulfate 0.5 %) on tree growth and yield characteristics.
The results showed that the effect of spraying gibberellin, urea, and zinc on the trees, either
individually or in combination was positive in increasing the percentage of fruit set, the
percentage of the number of fruits remaining on the trees, and reducing the percentage of
fruit drop compared to the control treatment. The interaction treatments between gibberellin,
urea, and zinc were distinguished with the best results, as they led to a significant increase in
the total chlorophyll content in the leaves and leaf area. The treated trees also outperformed
the control treatment in terms of increased quantitative yield, fruit length, diameter, weight,
size, peel thickness, and percentage of total sugars. (Al-Hamadani & Al-Bayaty, 2015).

This study aimed to evaluate the influence of melatonin, potassium, and zinc, applied
as foliar sprays, on the vegetative growth and development of kumquat plants, along with
their capacity to accumulate nutrients in vegetative tissues.

MATERIALS AND METHODS

The experiment was conducted in one of the lath house (covered with saran)
belonging to the Department of Horticulture and Landscape Engineering, College of
Agricultural Engineering Sciences, University of Baghdad, Research Station (B) for the
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season of 2022 to study the effect of spraying with the growth regulator melatonin,
potassium, and zinc on the growth and yield of kumquat saplings aged 3 years grafted on
lemon rootstock. A factorial experiment consisting of three factors and three replications was
conducted, using the RCBD experimental design (Al-Rawi & Khalafallah, 2000).

Saplings were prepared and transferred to pots 32 cm in diameter and 30 cm in
height, in a loamy soil, peat, and perlite in a ratio of 2:1:2. NPK fertilizer (15:15:15) was
added to the soil of the pots from the beginning of the experiment, then every 30 days until
the end of the experiment, at a rate of 1.5 g pot™. The experiment include three factors:
melatonin, which was added to the leaves by spraying, at three concentrations (0, 10, and 20)
mg L (Jafari & Shahsavar, 2021). The spraying was done six times, starting on April 10,
2022, and the remaining sprays were done every 30 days until September 1, 2022. The
second factor was foliar application of potassium sulfate, at three concentrations (0, 1500,
3000) mg L. The spraying was done three times, starting on April 6, 2022, at a 30-day
interval between sprays. The spraying was repeated in the fall, also three times, starting on
September 3, 2022, with a 20-day interval between sprays, ending in early November. The
third factor was foliar application of zinc, at two concentrations (0, 1000) mg L. The
addition was made three times, starting on April 3, 2022, with a 30-day interval between
additions. The addition was repeated in the fall, also three times, starting on September 1,
2022, with a 20-day interval between additions. There were 18 treatments in the experiment,
with three replicates, with two saplings per experimental unit. The total number of saplings
was 108.

The results were analyzed using the Genstat program, and the means were compared
using the least significant difference (LSD) test at a significance level of 5%.

Characters studied
The following experimental measurements were taken:

Rate of increase in plant height (cm), Rate of increase in stem diameter (mm), Rate of
increase in the number of main branches in the plant (branches/sapling), Rate of increase in
the number of leaves (leaves/sapling), Rate of leaf area of the plant (cm?), Percentage of leaf
dry weight (%).

Chlorophyll content of the leaves (mg/100 g fresh weight) was estimated according to
the method of Goodwin (1976) by taking leaf samples from the saplings, digesting them, and
placing the solution in a dark bottle. Then, the total chlorophyll measurement was read at the
wavelengths of 645 and 663 in a UV-VIS spectrophotometer.

After digesting the dried samples by wet digestion, the nitrogen content of the leaves
(%) was estimated by the Kjeldahl method (Chapman et al., 1961). Then, the phosphorus
content of the leaves (%) was estimated by wet digestion using ammonium molybdate and
ascorbic acid. When the blue color of the sample developed, it was read by a
spectrophotometer (LKB Biochrom Ultrospec Il) at a wavelength of 620 nm (Olsen et al.,
1982). The potassium content of the leaves (%) was estimated by reading the extract with a
flame photometer and extracting the potassium concentration from the standard curve (Al-
Sahaf, 1989). The zinc content of the leaves (mg L) was also estimated by an atomic
absorption device using standard solutions with different concentrations of zinc salts. Then,
we read the prepared standard solutions. After that, we read the samples to be measured
(Walsh, 1970). The percentage of carbohydrates in the vegetative system of the plant was
estimated according to the method of Joslyn (1970).
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RESULTS AND DISCUSSION

The results showed that spraying melatonin has an effect on the measured traits of
kumquat plants (Table 1). The 20 mg L? treatment outperformed the other treatments in
terms of plant height, stem diameter, number of branches, number of leaves, and leaf area.
The plants treated with 20 mg L™ had an average height of 25.44 c¢m, a stem diameter of
0.588 mm, 7.16 branches plant, 298.78 leaves plant™, and a leaf area of 55.11 cm?. The
results also showed that spraying potassium has a highly significant effect on kumquat
plants. The 3000 mg L™ potassium treatment outperformed the other treatments, resulting in
superior plant growth parameters, including plant height (24.66 cm), stem diameter (0.55
mm), number of branches per plant (6.88), number of leaves per plant (282.33), and leaf area
(53.74 cm?). In addition, the results indicate that spraying organic zinc on kumquat plants at
a concentration of 1000 mg L™ s superior to the control treatment of 0 mg L in all
vegetative traits under study. These traits are: plant height (23.11 cm), stem diameter (0.52
mm), number of branches (6.88 branches plant™), number of leaves (268.07 leaves plant™?),
and leaf area (52.19 cm?).

The effect of melatonin, potassium sulfate, and organic zinc on the vegetative traits of
kumquat

The experiment showed that melatonin had a significant effect on plant height, the
experiment demonstrated a clear relationship between melatonin concentration and plant
height, with the maximum height achieved at the highest concentration. This is because the
mechanism of biological synthesis of auxin is the same as the mechanism of biological
synthesis of phytomelatonin (Hernandez-Ruiz et al., 2021), with a change in the rate of
synthesis caused by one of the environmental conditions of the plant (Arnao, 2014).
Considering that the addition of external melatonin has increased the melatonin levels in
treated plants, this has consequently reflected in an increase in the plant's auxin content,
leading to an increase in plant elongation.. With the noticeable increase in plant height, there
was a corresponding increase in the diameter of the main stem, as melatonin influenced the
increase in the plant's carbohydrate content stored in the stem due to the enhanced
photosynthetic process resulting from an increase in the plant's chlorophyll content. This is
because melatonin has an effect on delaying chlorophyll breakdown in the leaves (Arnao &
Hernandez-Ruiz, 2009). In addition to an increase in the biosynthesis of chlorophyll in
cooperation with potassium, which naturally affects the process of gas exchange between the
plant and its surroundings by controlling the opening and closing of stomata. It also
stimulates a number of enzymes that control the electron transport chain and the molecular
binding of chemical substances inside the plant (Ashok et al., 2006). Zinc also plays a role in
the process of biosynthesizing chlorophyll (Rodriguez et al., 2000). This means that it will
help to maintain the presence of chlorophyll for a longer period of time, allowing it to
function and produce carbohydrates in the plant. In addition, the increase in the height of the
main stem of the plant was not due to the elongation of the internodes, but rather it gave a
larger number of nodes that contributed to the increase in the number of lateral branches and
leaves of the plants. In addition, it was observed that the increase in leaf area was due to the
effect of zinc on the plant, where it doubled the work of melatonin due to its direct
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intervention in the biosynthesis of melatonin, as the increase in the number of leaves led to
an increase in leaf area.

Table (1): Effect of the foliar application of Melatonin, potassium sulfate, and organic Zinc
on vegetative traits in kumguat saplings.

Plant's Stem nSuhrEE)Sr Leaves Leaves Vegetative

Treatments height diameter (shoot.plant number area (dm? | dry matter
(cm) (mm) 1')p leave.plant™* plant?) (gm)
MO 15.27 0.26 4.77 213.44 40.54 23.49
M1 21.61 0.46 6.27 266.06 47.66 26.77
M2 25.44 0.58 7.16 298.78 55.11 29.30
L.S.D 0.42 0.03 0.41 2.58 056 0.14
KO0 16.61 0.28 5.11 230.72 41.89 21.98
K1 21.05 0.47 6.22 265.22 47.59 27.69
K2 24.66 0.55 6.88 282.33 53.74 29.89
L.S.D 0.42 0.03 0.41 2.58 0.56 0.14
Z0 18.44 0.34 5.25 250.78 43.29 23.10
Z1 23.11 0.52 6.88 268.07 52.19 29.94
L.S.D 0.34 0.03 0.34 2.11 0.46 0.11
MOKO0Z0 11.33 0.13 3.33 177.33 30.87 12.04
MOK0Z1 13.66 0.26 4.00 208.33 37.49 22.84
MOK1Z0 12.66 0.16 4.00 198.00 36.39 21.17
MOK1Z1 16.66 0.43 6.00 230.00 45.66 29.63
MOK2Z0 15.66 0.20 4.66 224.00 43.38 24.24
MOK271 21.60 0.36 6.66 243.00 48.90 31.04
M1K0Z0 15.66 0.16 4.66 207.00 38.97 19.64
M1K0Z1 18.33 0.40 6.33 235.00 44.09 25.66
M1K1Z0 19.66 0.36 5.33 283.33 41.50 24.09
M1K1Z1 25.00 0.63 7.33 278.67 52.24 31.32
M1K2Z0 22.33 0.53 6.33 281.67 49.54 27.26
M1K2Z1 28.66 0.66 7.66 310.67 59.64 32.66
M2K0Z0 18.33 0.30 5.33 276.67 44.85 23.18
M2K0Z1 22.33 0.43 7.00 280.00 55.05 28.52
M2K1Z0 23.66 0.56 6.66 296.67 50.30 26.69
M2K1Z71 28.66 0.70 8.00 304.67 59.47 33.27
M2K2Z0 26.66 0.66 7.00 312.33 53.84 29.63
M2K2Z71 33.00 0.86 9.00 322.33 67.16 34.51
L.S.D 1.03 0.09 1.02 6.33 1.39 0.35

The results indicated a significant impact of melatonin at a concentration of 20 mg L™
on the treatments in the content of leaves and plants regarding chemical compounds (Table
2), such as nitrogen, (2.42%), phosphorus (0.33%), potassium (1.74%), zinc (74 mg kg™?),
chlorophyll (11.39 mg/100 g fresh weight, and carbohydrates (9.74%,). Additionally, it was
observed that spraying the saplings with potassium sulfate at the same concentration
increased the plant and leaf content of elements and chemical compounds nitrogen, (2.4%),
phosphorus (0.30%), potassium (1.83%), zinc (73.7 mg kg™), chlorophyll (10.49 mg/100 g
fresh weight, and carbohydrates (9.36%,). As for Zinc the plant and leaf content of elements
and chemical substances, the treatment with 1000 mg L™ also outperformed the control
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treatment, with measurements of 2.38%, 0.29%, 1.73%, 82.9 mg/kg, 10.43 mg/100 g fresh
weight, and 9.34%, respectively.
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Table (2): Effect of the foliar application of Melatonin, potassium sulfate, and organic Zinc on
chemical content in vegetative system kumquat saplings.

Treatments Nitrogen Potassium Zinc Carbohydrate
(%) (%) (mLI) (%)
MO 2.25 1.64 65.0 8.40
M1 2.33 1.70 69.4 9.15
M2 2.42 1.74 74.0 9.79
L.S.D 0.008 0.009 0.7 0.03
KO0 2.27 1.50 66.0 8.88
K1 2.34 1.74 66.6 9.13
K2 2.40 1.83 73.7 9.36
L.S.D 0.008 0.009 0.7 0.03
Z0 2.29 1.65 56.0 8.91
Z1 2.38 1.73 82.9 9.34
L.S.D 0.007 0.007 0.5 0.02
MOKO0Z0 2.18 1.38 46.3 8.11
MOK0Z1 2.22 1.54 76.6 8.27
MO0K1Z0 2.22 1.67 51.3 8.24
MOK1Z1 2.31 1.69 78.3 8.73
MOK2Z0 2.25 1.78 58.6 8.29
MOK2Z1 2.36 1.76 78.6 8.96
M1K0Z0 2.23 1.43 54.0 8.85
M1K0Z1 2.30 1.59 80.3 8.94
M1K1Z0 2.29 1.72 53.6 8.92
M1K1Z71 2.36 1.78 81.6 9.40
M1K2Z0 2.36 1.80 63.3 9.10
M1K2Z1 2.48 1.87 83.6 9.72
M2K0Z0 2.36 1.46 54.0 9.51
M2K0Z1 2.37 1.62 84.6 9.63
M2K1Z0 2.34 1.76 57.3 9.56
M2K1Z1 2.50 1.81 89.6 9.91
M2K2Z0 2.42 1.87 65.3 9.67
M2K2Z1 2.56 1.98 93.0 10.46
L.S.D 0.021 0.023 1.7 0.08

The effect of melatonin, potassium sulfate, and organic zinc on the chemical content of
the vegetative part of kumquat

Spraying melatonin on the kumquat plant affected the total vegetative content of
elements and chemical substances Melatonin is considered a plant growth regulator (Arnao
& Hernandez-Ruiz, 2018) that works to increase the synthesis of certain chemical
compounds, such as chlorophyll. Moreover, it prolongs its presence for a longer period than
natural. Additionally, melatonin, in conjunction with zinc, participates in the biological
synthesis process of the chlorophyll molecule. Together, they elevate the chlorophyll content
in the leaves. This was observed in plants treated with melatonin compared to control plants.
It was observed that melatonin improves water and gas exchange between the plant and its
surrounding environment, whether in soil or air, enhancing the absorption of the necessary
nutrients by the plant. The structural composition of melatonin was noted to be similar to that
of auxin, leading to a similar impact on growth and nutrient absorption. While, it was
observed that potassium and zinc have a shared effect on the quantitative yield of PSII in the
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photosynthetic process, resulting in an increase in carbohydrate production for the plant.
This, in turn, is reflected in an increased plant uptake to provide sufficient energy, leading to
the accumulation of nitrogen, a crucial element in the chlorophyll molecule (Kadhom &
Salih, 2019; Jifon et al., 2005). Furthermore, the addition of potassium to these plants led to
an increase nutrients absorption, such as phosphorus, due to its impact on the opening and
closing of stomata. On the other hand, the increase in the plant's zinc content in the
vegetative system was attributed to its foliar application, thereby enhancing the absorption
properties at the plant roots. This increased the plant's ability to maximize the biological
synthesis of carbohydrates and proteins due to the enhanced metabolic processes in these
plants (Noulas et al., 2018).

CONCLUSION

Melatonin is showed an effect such as plant growth regulator especially when it take
Cytokinin path, its effect on vegetative growth by increasing chlorophyll concentration,
because it inhibit senescence of chlorophyll, and enhance some elements accumulation and
increase carbohydrate synthesis, while Potassium and Zinc paths as assistant for melatonin
behavior.
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