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ABSTRACT

This research was conducted to determine the impact of spraying the increased regulator melatonin on the
tolerance of some citrus roots to salt stress. The results showed that the Sour Orange root was significantly
superior to the rest of the citrus rootstocks and recorded the highest increase in the rate (Height, diameter,
quantity, and area of leaves for the plant), while the root Volkamer lemon was significantly the best by re-
cording the highest rate of arid mass of the root system and plant life. Furthermore, irrigation with electrical
connection water (1.7 sec.m™!) led to obtaining the highest values for vegetative plant girth growth charac-
teristics (plant girth, stem diameter, number of leaves, leaf area, dry weight of the vegetative and root system
and root length). Moreover, treatment with the growth regulator melatonin at a concentration of (100 mg.L™!)
showed the most significant percentage in the trait (plant height, diameter of the stem, number of leaves, size
of the leaves, and dry weight of the vegetative both root system and root length). As well as the binary and
triple interactions between these study factors led to a clear significant superiority in the studied traits com-
pared to the comparison treatment, as the triple interaction treatment (Sour Orange root + melatonin at 100
mg. I'! as the concentration+ salinity of irrigation water at a concentration of 1.7 decimens.m™') was the most
significant treatment by giving the highest increase in the rate of vegetative characteristics. Finally, the
treatment (rootstocks Volkamer lemon + melatonin at 100 mg.1"! as the concentration + salinity of irrigation
water at a concentration of 1.7 dm. m™) recorded the highest rate of length and weight of the root when it is
a dry system.
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INTRODUCTION

The problematic issue related to salinity, whether soil or irrigation water, is one of the most critical obstacles to
the development of agricultural production in general and citrus production in particular. This is mainly in the
dry and semi-arid regions of the world, as rainfall decreases and temperatures rise, and agriculture depends
mainly on irrigation !. It leads with time to the accumulation of salts in the soil, thus becoming saline and
decreasing its suitability for agriculture, knowing that 20-30% of the world's land is affected by salinity 2. As
for Iraq, the estimation was 3, indicating that 70-80% of the center's and the south's lands are within the me-
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dium to highly saline soils. It is well-known that the salinity reduces the growth and production of plants. This
is due to the damage caused to the integrity of the cell membranes due to the osmotic effect, disruption of the
hormonal and enzymatic balance, and the toxic effect of ions *. Citrus fruits are classified as sensitive plants to
high salinity, and the degree of their impact varies according to the roots grafted on them .

Additionally, it was mentioned © that the rootstocks of citrus fruits differ significantly in their tolerance to
salinity and the absorption and transfer of harmful ions from the roots to the vegetative system by excluding or
restricting them in the lower parts of the plant. Therefore, searching for solid assets that are resistant to various
soils and tolerant of salinity is one of the very important objects in Iraq. This is especially true with the scarcity
of water suitable for irrigation and the dependence of farmers on water from wells and sewers to irrigate their
orchards.

Sour orange of the Sour Orange L. is a standard rootstock used in Iraq. This is because it was characterized as
a semi-shortened root compatible with most commercial cultivars of citrus, tolerant of limestone soils, me-
dium resistance to cold, and resistance to root rot and gum disease. However, it can be infected by Tristeza
disease and nematodes ’. The rootstock Volkamer lemon (Citrus reticulate X Citrus medica) is characterized
by its rapid growth and stimulating effect on the growth of grafts and adaptation to a wide range of soils,
mainly sandy soils, resistant to Tristeza, exocortis and xyloporosis. However, it is sensitive to nematodes. On
the other hand, the rootstock Swingle Citrumelo (Citrus paradise X Poncirustrifoliata) has been used recently
in Iraq, which is characterized by its drought tolerance, medium tolerance to salinity and its resistance to
severe cold of a large extent due to the large variety of rootstock®. It is also considered a root resistant to
Tristeza, exocortis, xyloporosis, root rot and nematode infection °.

In recent years, plant hormones have attracted the attention of many researchers in the field of environmental
stresses as one of the most critical actors in stimulating the response of plants to carry out biological processes.
Many studies have shown that adding plant hormones in low concentrations to plants exposed to salt stress has
an influential role in overcoming the harmful effects of salt stress in plants '* 2. Among the plant hormones
regulating growth is melatonin, which can be utilized during soaking the seeds or spraying it on the plant
shoots. Melatonin was first identified in 1995, and since then, extensive research has revealed the physio-
logical roles that melatonin plays in plants '*. Most studies have shown that melatonin regulates seed germi-
nation, rooting, flowering, and photosynthesis and delays aging '#!°. Several recent studies showed that
adding malatotin to cucumber, maize and tomato helped reduce salinity's effect and the plant's tolerance to salt
stress and improved growth 1817 16,

Few studies have examined the impact of the growth regulator on melatonin in increasing the tolerance of
citrus roots to salinity. Thus, this research aims to evaluate the efficiency of citrus root growth under salt stress
conditions and the growth regulator's impact on melatonin in reducing the damage caused by salinity to citrus
roots.

MATERIALS AND METHODS

The experiment took place in the Vegetable University of California, Davis, College of Agriculture, De-
partment of Horticulture and Landscape Kerbala from March to the middle of June of October 2021. Seedlings
of three citrus rootstocks (162) were selected with solid growth obtained from the Horticultural and Forestry
station / Al-Hindia district/ Karbala Province and planted in polyethylene bags (1.25 kg). They were trans-
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ferred on 15/2/2021 to 10 kg bags filled with sandy mixture. A factorial experiment (3 x 3 x 3) was followed
utilizing a random complete three-block design (R.C.B.D.) replications, as each replicate contains (27)
treatments with 3 seedlings for each experimental unit. The second was irrigation with three different saline
concentrations (1.7, 4 and 8 decimens.m™) at an irrigation rate every week, while the third factor was spraying
with the growth control melatonin utilizing three concentrations (0,50 and 100 mg.I"!) starting from 3/15/ 2021
and until 9/15/2021 at a rate of one spray every 30 days until complete wetness. Measurements of several traits
were taken on 1/10/2021 as follows:

e Plant height (cm).

e Stem diameter (cm).

e Number of leaves (leaf. plant™).

e Leafarea (cm2): The leaf area was calculated using the described method (19).

e Then, the shoot's dry weight (gm).

e The length of the root (cm).

e The shoot's dry weight system (gm).

RESULTS

Rate plant height (cm)

Table (1) shows that the root has a notable impact on the plant height rate, where the Sour Orange Root out-
performed by providing the highest rate in plant height (85.96 cm) compared to the rest of the assets, while the
rootstock Sour Orange recorded the lowest significant difference of (63.72 cm). As for melatonin, it is noted
from the same Table that Increasing the concentration caused a significant increase in the plant height char-
acteristic, as the concentration (100 mg. L) surpassed it by giving the highest rate of plant height reached
(82.83 cm), while melatonin recorded at a concentration (0 mg. L) the least significant difference amounted
to (63.76 cm).). The salinity of the irrigation water was recorded at a concentration of (1.7 decimens.m™). The
highest rate of plant height was (82.74 cm), while the concentration (8 decimens.m™) gave the lowest rate of
(63.91 cm). The results also indicate significant differences in Volkamer lemon for the binary interactions
between the treatments, as the results of the same Table showed that the binary interactions between the
rootstock and melatonin significantly affected the plant height rate. ) compared to the other treatments, while
the interaction treatment (rootstock Swingle Citrumelo + melatonin at a concentration of 0 mg. L") recorded
the lowest value in the average plant height, which was (58.94 cm). The results of the binary interaction be-
tween the rootstock and the salinity of the irrigation water in the plant height trait showed that there were
significant differences, where the treatment (Sour Orange root + the salinity of the irrigation water at a con-
centration of 1.7 dSm™!) outperformed by recording the highest rate of plant height of (97.94 cm) compared to
the dual interaction treatment (root + The salinity of the irrigation water with a concentration of 8 dSm'"),
which gave the least significant difference of (55.44 cm). As for the bilateral interaction between melatonin
and salinity, the results showed significant differences between the two treatments, where the treatment
(melatonin at an intensity of 100 mg.I"! + irrigation water salinity at a concentration of 1.7 decimens.m™)
outperformed the treatment by recording the highest rate of plant height of (94.00 cm), while The du-
al-interaction treatment (melatonin at a concentration of 0 mg. L™! + the salinity of irrigation water at a in-
tensity of 8 decimens. m™') recorded the lowest average plant height of (53.89 cm). As for the triple interaction
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treatment, the results of the same Table indicate the superiority of the treatment (Sour Orange root + melatonin
at an intensity of 100 mg. L' + irrigation water salinity at an intensity of 1.7 decimens. m™') by providing the
best rate in plants height that reached (111.88 cm) compared to the triple interaction treatment (rootstock
Volkamer lemon + melatonin at a concentration of 0 mg L™! + the salinity of irrigation water at a concentration
of 8 dm™"), which recorded the smallest percentage of (49.67 cm).

Rate Stem diameter (mm)

The results presented in Table (2) show that the single treatments had a significant effect on stem diameter,
where the Sour Orange root was superior by giving the highest significant difference to the stem diameter of
the plant, amounted to (8.214 mm) compared to the rest of the assets. It is noted in the same Table that the rise
in concentration has caused a significant increase in the character of the stem diameter, as the concentration
(100 mg. L!) outperformed by giving the highest average of stem diameter reached (8.127 mm), while the
melatonin recorded at a concentration (0 mg. L") the lowest diameter of the plant It reached (6.270 mm). As
for the salinity of irrigation water, the treatment recorded an intense level of (1.7 decimens.m™) the highest
rate of plant stem diameter was (7.639 mm), while the concentration (8 decimens.m™") recorded the lowest rate
of (6.906). Mm). The results of the same Table showed that the bilateral interactions between the root and
melatonin had a significant effect on the average stem diameter. The treatment (Rootstock citrus + melatonin
at an intensity of 100 mg. L) outperformed by recording the highest rate of stem diameter of (9.244 mm)
compared to the interaction treatment recorded. Swingle Citrumelo + melatonin at a concentration of 0 mg. 1)
the lowest rate was (5.101 mm). The results of the bilateral interactions between the rootstock and the salinity
of the irrigation water showed a significant effect on the average stem diameter, as the treatment (Sour Orange
root + the salinity of the irrigation water at a concentration of 1.7 dS. m™!. The interaction treatment (rootstock
Volkamer lemon + salinity of irrigation water at a concentration of 8 decimens.m™') had the lowest average
(5.384 mm). As for the bilateral interaction between melatonin and salinity of the irrigation water, the same
Table shows the superiority of the treatment (melatonin an accumulation of 100 mg. I'' + salinity). Irrigation
water at a concentration of 1.7 decimens.m™) recorded the highest average stem diameter of (8.712 mm). In
comparison, the dual interaction treatment (melatonin at a concentration of 0 mg. 1! + salinity of irrigation
water an accumulation of 8 decimens.m™!) gave the lowest value of (5.844 mm).

The same Table shows that the triple interaction between the study factors (rootstock, melatonin and irrigation
water salinity) showed significant differences for stem diameter, as the treatment (Sour Orange root + mela-
tonin at a concentration of 100 mg.l"! + salinity of irrigation water an accumulation of 1.7 decimens.m™)
excelled by giving the highest rate It reached (9.477 mm), while the triple interaction treatment (rootstock
Volkamer lemon + melatonin at a concentration of 0 mg.1"! + salinity of irrigation water an accumulation of 8
decimens.m™) recorded the smallest percentage of (4.908 mm).

Rate number of leaves per plant (leaf. plant™)

It is noted from the results shown in Table (3) that the Sour Orange root outperformed the rest of the roots in
the number of leaves by giving the highest rate of (77.09 leaves. Also, melatonin was superior at the concen-
tration (100 mg. L") by giving the highest rate of the number of leaves reached (76.41 leaves. plant!), while
the concentration (0 mg. L™!) gave the lowest rate of (65.02 leaves. plant™'). The results also decreased the
number of leaves with an increase in the salinity of the irrigation water concentration, and the concentration
treatment (1.7 decimens.m™) outperformed by recording the highest rate for the number of leaves trait
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amounted to (88.63 leaves. The average rate number of leaves was (52.76 leaves. Plant™). The results of the
same Table show that there is a significant effect of the bilateral interaction between the rootstock and mel-
atonin, where the treatment (Sour Orange + melatonin at an intensity of 100 mg.L™!) outperformed by re-
cording the highest rate in the number of leaves that reached (80.06 leaves.Plant™!) compared to the other
treatments, while the treatment recorded The interaction (Volkamer lemon root + melatonin at an intensity of
0 mg.L") had the lowest rate in the number of leaves per plant was (60.22 leaves. Plant!). As for the dual
interaction between the rootstock and the irrigation water salinity, the treatment (Sour Orange root + the
salinity of the irrigation water at an intensity of 1.7 dSm™') was superior. m™!) recorded the highest number of
leaves (91.56 leaves. ). The results also showed the superiority of the treatment (melatonin at an intensity of
100 mg. L' + irrigation water salinity at an intensity of 1.7 dm.m™") by recording the highest rate in the number
of leaves that reached (93.67 leaves. plant™'). In contrast, the dual interaction treatment was recorded. (Mel-
atonin at a concentration of 0 mg. L™! + the salinity of irrigation water at an intensity of 8 dm™) the lowest rate
was (46.44 leaves. Plant™!). The results of the statistical analysis in Table (5) showed that there were significant
differences between the triple interaction between the root and melatonin and the salinity of the irrigation
water, as the treatment (Sour Orange root + melatonin at an intensity of 100 mg. 1"! + salinity of the irrigation
water at an intensity of 1.7 decimens.m™) excelled by giving the highest significant difference in the average
number of leaves reached (95.17 leaves. plant-1). In comparison, the triple interaction treatment (rootstock
Volkamer lemon + melatonin at an intensity of 0 mg. I'' + salinity of irrigation water at an intensity of 8
decimens.m™) recorded the least significant difference in the average number of leaves per plant was (39.67
leaves. Plant™).

Leaf area (cm?)

Table (4) shows the effect of the root and melatonin and the salinity of irrigation water and the interaction
between them on the rate leaf area, as the Sour Orange excelled by giving the highest rate of leaf area during
the growing season amounted to (1692 cm2) compared to the rootstock Swingle Citrumelo (1221 cm2). The
results also show that the use of the growth regulator melatonin, on the one hand, had a significant effect in
increasing the leaf area rate, where the concentration treatment (100 mg.L") was superior by giving the
highest rate of (1603 cm2) compared to the comparison treatment, which gave the lowest rate (1161 cm2). As
for the irrigation water salinity, the treatment was recorded at a concentration (of 1.7 decimens.m™). The
highest rate leaf area was (2114 cm2) compared to treatment at a concentration (of 8 decimens.m™), which
gave the lowest average, which amounted to (798 cm2). The binary interactions between (rootstock and
melatonin), (rootstock and irrigation water salinity) and (melatonin and irrigation water salinity) showed a
significant effect on the average leaf area. The treatment (Citrus aurantium root + melatonin at an intensity of
100 mg.L!) gave the highest average leaf area of (1876 cm2) compared to the other treatments, and the in-
teraction treatment (Swingle Citrumelo rootstock + melatonin at an intensity of 0 mg.L') which gave the
lowest rate of (995 cm2). As for the bilateral interaction between the rootstock and the salinity of the irrigation
water, the treatment (Sour Orange root + the salinity of the irrigation water at an intensity of 1.7 decimens.m™)
was superior by giving the highest rate of (2541 cm2). The treatment of the twofold interaction was recorded
with the (Swingle Citrumelo root + the irrigation water salinity at an intensity of 8 decimens). m™"), the lowest
average leaf area was (667 cm2). Table (6) shows the superiority of the treatment of (melatonin at an intensity
of 100 mg.1"! + the salinity of irrigation water at a concentration of 1.7 decimens.m™") by recording the highest
rate in leaf area that reached (2376 cm2) compared to the rest of the treatments. It gave the recorded treatment
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(melatonin at an intensity of 0 mg. 1'! + salinity of irrigation water at a concentration of 8 decimens.m™) the
lowest average leaf area was (613 cm?2). As for the triple interaction between the rootstock and melatonin and
the salinity concentration, the treatment (Sour Orange root + melatonin at a concentration of 100 mg.I"! + the
salinity of irrigation water at a concentration of 1.7 decimens.m™) gave the highest average leaf area that
reached (2848 cm2), followed by the treatment (Sour Orange + melatonin at a concentration of 50 mg.I"! +
salinity of irrigation water at a concentration of 1.7 decimens.m™) which gave (2695 cm2), while the triple
interaction treatment was recorded (rootstock Volkamer lemon + melatonin at an intensity of 0 mg.1"! + sa-
linity of irrigation water at a concentration of 8 decimens.m™ ') The lowest value in the leaf area of a plant was
(511 cm2).

Rate dry weight of the shoot (gm)

The results presented in Table (5) show that the single treatments significantly affected the vegetative group's
dry weight rate, where the Volkamer lemon outperformed by giving the highest amount of (29.38 g) compared
to the rest of the roots. As for melatonin, it was noted that the concentration (100 mg. L") was superior by
giving the highest rate in the dry weight of the vegetative total of the plant, which amounted to (28.18 g)
compared to the comparison treatment that recorded the lowest rate of (24.84 g). As for the salinity of irriga-
tion water, a treatment was recorded at concentration. (1.7 decimens.m™), the highest rate was (34.72 g). In
comparison, the salinity of irrigation water treatment at a concentration (8 decimens.m') recorded the lowest
rate in the dry weight of the vegetative total was (21.69 g). The results of the same Table also showed that the
bilateral interactions between the root and melatonin had a significant effect, as the treatment (Volkamer
lemon + melatonin at an intensity of 100 mg. L) outperformed the treatment by recording the highest rate in
the dry weight of the shot total (31.27 g) compared to the other treatments.

In comparison, the interaction treatment was recorded (rootstock Swingle Citrumelo + melatonin at an in-
tensity of 0 mg. L'!). The lowest rate was (22.56 g). As for the binary interaction between the rootstock and
salinity, the treatment (Volkamer lemon root + salinity of irrigation water at an intensity of 1.7 ds.m™) was
superior by recording the highest rate in the dry weight of the shot total (36.75 g) compared to the treatments,
and the interaction treatment gave (Rootstock Swingle Citrumelo + water salinity Irrigation at an intensity of 8
dm-1) the lowest rate was (18.55 g). The dual interaction treatment in the same Table indicates the superiority
of the treatment (melatonin at an intensity of 100 mg. I"! + salinity treatment at an intensity of 1.7 deci-
mens.m™!) by recording the highest rate in the dry weight of the shot total (36.75 g), compared to the treatment
of the dual interaction (melatonin at a concentration of 0 mg) L™ + salinity of irrigation water at an intensity of
8 decimens.m™), the lowest average ton was (19.91 g). The triple interaction between the study factors
(rootstock, melatonin and water salinity) significantly increased the shoot population's dry weight rate. The
treatment of Sour Orange root + melatonin at an intensity of 100 mg. I'' + salinity treatment at an intensity of
1.7 ds.m™") achieved the highest rate. The dry weight of the shoots was (39.20 g), while the treatment (Swingle
Citrumelo + melatonin at an intensity of 0 mg. L™ + irrigation water salinity at an intensity of 8 dS. m™)
recorded the lowest rate of (18.03 g).

Rate root length (cm)

Table (6) shows no significant differences between the rootstocks in the characteristic of root length. When
using the growth regulator melatonin, it was noticed that the root length increased with the increase in the
concentration, where the treatment at an intensity of (100 mg. L™!) was superior by giving the highest rate in
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root length of 36.41 cm. In contrast, the comparison treatment recorded the lowest rate in root length of (34.07
cm). As for the salinity of the irrigation water, the treatment at a concentration (1.7 decimens.m™") recorded the
highest rate of (39.74 cm), while the concentration (8 decimens.m™) recorded the lowest rate in root length of
the plant reached (30.59 cm). The results in the same Table also indicate that there are significant differences
in the bilateral interactions between treatments in the characteristic of root length rate, where the treatment
(Sour Orange root + melatonin at an intensity of 100 mg. L") was superior by recording the highest rate in root
length of (37.44 cm) compared to the other treatments.

In comparison, it was recorded. The interaction treatment (Sour Orange root + melatonin at an intensity of 0
mg. L) had the lowest average (32.78 cm). As for the bilateral interaction between the rootstock and the
salinity of the irrigation water, the treatment (Volkamer lemon root + irrigation water salinity at an intensity of
1.7 decimens.m™) achieved the highest rate in the root length of the plant reached (41.33 cm) compared to the
other treatments. In comparison, the interaction treatment was recorded (Volkamer lemon + The irrigation
water salinity was at a concentration of 8 decimens.m™"), with the lowest rate (26.78 cm). The dual interaction
treatment (melatonin at an intensity of 100 mg. I'' + salinity of irrigation water at a concentration of 1.7
decimens.m™) showed the highest rate in the plant's root length reached (42.00 cm). In comparison, the dual
interaction treatment (melatonin at an intensity of 0 mg. 1"'+) was recorded. The salinity of the irrigation water
at an intensity of 8 decimens.m-1) was the lowest average for the plant's leaf area (29.67 cm). The results of the
statistical analysis in Table (6) showed that there were significant differences for the triple interaction, where
the treatment (rootstock Volkamer lemon + melatonin at an intensity of 100 mg. I"! + salinity of irrigation
water at an intensity of 1.7 decimens.m™) outperformed by giving the highest rate of (42.67 cm). The triple
interaction treatment (rootstock Volkamer lemon + melatonin at an intensity of 0 mg. I"! + irrigation water
salinity at an intensity of 8 decimens.m-1) recorded the lowest value in root length of (25.00 cm).

Rate dry weight of the root system (gm)

Table (7) shows that the root had a significant effect on the rate dry weight of the root system, as the rootstock
of Volkamer lemon was superior by giving the highest rate dry root weight of the plant amounted to (17.20 g)
compared to the rest of the roots.). As for the growth regulator, melatonin, the concentration treatment (100
mg. L) outperformed by giving the highest rate in the dry weight of the root system (16.07 g) compared to the
comparison treatment, which recorded the lowest rate (13.12 g). (1.7 decimens.m™) the highest rate was
(19.83 g) compared to the concentration treatment (8 decimens.m™), which gave the lowest rate (10.22 g). The
bilateral interaction between the study factors shown in Table (7) had a significant effect on the average dry
weight of the root group, as the treatment (Volkamer lemon root + melatonin at an intensity of 100 mg.L™")
outperformed by recording the highest rate in the dry weight of the root group amounted to (18.86 g) compared
to the treatments The other and the interaction treatment (Swingle Citrumelo + melatonin at an intensity of 0
mg.1"") gave the lowest rate of (10.25 g). Also, the treatment (rootstock Volkamer lemon + salinity treatment at
an intensity of 1.7 decimens.m™) produced the highest average in the dry weight of the total The root total
amounted to (24.52 g) compared to the other treatments, and the treatment (Swingle Citrumelo + irrigation
water salinity at an intensity of 8 decimens.m™) recorded the lowest average dry weight of the root total
amounted to (8.40 g). The same data also indicates the superiority of the dual interaction treatment between
melatonin. When treated, the salinity of the irrigation water (melatonin at a concentration of 100 mg. I'' +
salinity treatment at an intensity of 1.7 decimens.m™) recorded the highest average in the dry weight of the
rootstock reached (21.59 g). In comparison, the dual interaction treatment (melatonin at an intensity of 0 mg.
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I'") was recorded. + salinity of irrigation water at an intensity of 8 decimens.m™') the lowest rate was (8.85 g).
As for the triple interaction combined among the study factors, the treatment (Volkamer lemon root + mela-
tonin at an intensity of 100 mg. L' + salinity of irrigation water at an intensity of 1.7 dS. m™!) was superior in
giving the highest rate in the dry weight of the root total of (27.29 g), while the interaction treatment recorded
the triple (rootstock Swingle Citrumelo + melatonin at a concentration of 0 mg. 1" + the salinity of irrigation
water at an intensity of 8 dm.m™') had the lowest value of (3.74 g).

Salinity in ds.m-1 of irriga- melatonin mg. L! Rootstocks
tion water
82.74 1.7 63.76 0 70.63 Swingle
Citrumelo
73.67 4 73.72 50 85.96 Sour Orange
63.91 8 82.83 100 63.72 Volkamer
lemon
1.792 1.792 1.792 L.S.D.
Salinity in ds.m-1 of irrigation =~ Rootstocks melatonin mg. liter™! Rootstocks
water
8 4 1.7 100 50 0
64.94 67.33 79.61 Swingle 81.33 71.61  58.94 Swingle
Citrumelo Citrumelo
71.33 88.61 97.94 Sour Orange  98.61 86.56  72.72 Sour Orange
55.44 65.06 70.67 Volkamer 68.56 63.00 59.61 Volkamer
lemon lemon
3.104 L.S.D. 3.104 L.S.D.
Salinity in ds.m-1 of irrigation water melatonin
8 4 1.7 mg. L
53.89 63.56 73.83 0
65.28 75.50 80.39 50
72.56 81.94 94.00 100
3.104 L.S.D.
the salinity of irrigation water ds.m™! melatonin mg. Rootstocks
!
8 4 1.7 0 Swingle
54.50 55.00 67.33 Citrumelo
66.17 70.50 78.17 50
74.17 76.50 93.33 100
57.50 73.50 87.17 0 Sour Orange
72.67 92.17 94.83 50
83.83 100.17 111.88 100
49.67 62.17 67.00 0
57.00 63.83 68.17 50 Volkamer
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59.67

Table 1. The effects of root growth, melatonin, and irrigation water salinity and how they interact with the rate in plant

height (cm).

69.17
5.377

76.83

100

lemon
L.S.D.

the salinity of irrigation wa- melatonin mg. liter’! Rootstocks
ter ds.m!
7.639 1.7 6.270 0 7.594 Swingle
Citrumelo
7.015 4 7.162 50 8.214 Sour Or-
ange
6.906 8 8.127 100 5.751 Volkamer
lemon
0.2316 0.2316 0.2316 L.S.D.
Salinity in ds.m-1 of irrigation =~ Rootstocks melatonin mg. liter’! Rootstocks
water
8 4 1.7 100 50 0
6.932 7.261 8.589 Swingle Cit- 8.535 7.636  6.612 Swingle
rumelo Citrumelo
7.763 8.152 8.728 Sour Orange 9.244 8301  7.097 Sour Or-
ange
5.384 5.693 6.174 Volkamer 6.601 5.550  5.101 Volkamer
lemon lemon
0.4011 L.S.D. 0.4011 L.S.D.
Salinity in ds.m-1 of irrigation water melatonin
8 4 1.7 mg. liter!
5.844 6.709 7.676 0
6.256 7.494 7.992 50
6.880 7.112 8.712 100
0.4011 L.S.D.
Salinity in ds.m-1 of irrigation water melatonin mg.  Rootstocks
liter™!
8 4 1.7 0 Swingle
6.060 6.102 7.673 Citrumelo
7.010 7.197 8.697 50
7.722 8.485 9.398 100
7.800 6.220 7.272 0 Sour Or-
8.907 7.857 8.140 50 ange
9.045 9212 9.477 100
5.828 5.212 5.183 0 Volkamer
5.417 5.587 5.647 50 lemon
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4.908

6.280
0.6947

7.693

100

L.S.D.

Table 2. The effect of root growth, melatonin salinity of irrigation water, and how they impact rate stem diameter (mm).

the salinity of irrigation wa-

1.7

1.7
86.00

91.56
88.33

ter ds.m!
88.63
73.96
52.76
2.578
Salinity in ds.m-1 of irrigation
water
8 4
50.78 75.78
61.39 78.33
46.11 67.78
4.465
8
46.44
53.94
57.89

Salinity in ds.m-1 of irrigation water

45.33
52.67
78.67
54.33
63.67
66.17
39.67
45.50
53.17

melatonin mg. liter! Rootstocks
65.02 0 70.85 Swingle
Citrumelo
73.93 50 77.09 Sour Orange
76.41 100 67.41 Volkamer
lemon
2.578 2.578 L.S.D.
Rootstocks melatonin mg. liter™! Rootstocks
100 50 0
Swingle Cit- 74.78 74.61  63.17 Swingle
rumelo Citrumelo
Sour Orange 80.06 79.56  71.67 Sour Orange
Volkamer 74.89 67.11  60.22  Volkamer
lemon lemon
L.S.D. 4.465 L.S.D.
Salinity in ds.m-1 of irrigation water melatonin
4 1.7 mg. liter!
67.67 80.94 0
76.56 91.28 50
77.67 93.67 100
4.465 L.S.D.
melatonin mg. Rootstocks
liter™!

4 1.7 0 Swingle
88.00 78.17 Citrumelo
82.67 88.50 50
78.67 91.33 100
74.17 88.50 0 Sour Orange
82.83 93.67 50
76.00 94.50 100
62.88 78.17 0 Volkamer
64.17 91.67 50 lemon
76.33 95.17 100

7.733 L.S.D.
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Table 3. The effects of root growth, melatonin, and irrigation water salinity on the leaf growth rate (leaf. plant™).

Salinity in ds.m-1 of irriga- melatonin mg. liter! Rootstocks
tion water
2114 1.7 1161 0 1221 Swingle
Citrumelo
1297 4 1445 50 1692 Sour Orange
798 8 1603 100 1296 Volkamer
lemon
83.2 83.2 83.2 L.S.D
Salinity in ds.m-1 of irrigation =~ Rootstocks melatonin mg. liter’! Rootstocks
water
8 4 1.7 100 50 0
667 1159 1838 Swingle Cit- 1438 1232 995 Swingle
rumelo Citrumelo
1025 1510 2541 Sour Orange 1876 1781 1419  Sour Orange
703 1222 1962 Volkamer 1496 1322 1070 Volkamer
lemon lemon
144.1 L.S.D. 144.1 L.S.D.
Salinity in ds.m-1 of irrigation water melatonin
8 4 1.7 mg. liter!
613 1090 1780 0
812 1337 2186 50
970 1464 2376 100
144.1 L.S.D.
Salinity in ds.m-1 of irrigation water melatonin mg. Rootstocks
liter™!
8 4 1.7 0 Swingle
513 892 1579 Citrumelo
628 1242 1825 50
860 1343 2111 100
815 1349 2091 0 Sour Orange
1086 1574 2695 50
1174 1608 2848 100
511 1030 1669 0 Volkamer
722 1195 2047 50 lemon
876 1442 2170 100
249.6 L.S.D

Table 4. The effect of root growth, melatonin salinity of irrigation water, and how they impact rate leaf area (cm?).
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Salinity in ds.m-1 of irriga-

melatonin mg. liter™!

50

100

100
25.05

28.23

31.27

tion water
34.72 1.7 24.84
23.89 4 27.28
21.69 8 28.18
1.371 1.371
Salinity in ds.m-1 of irrigation =~ Rootstocks
water
8 4 1.7
18.55 22.08 31.29 Swingle Cit-
rumelo
22.06 22.64 36.13 Sour Orange
24.45 26.94 36.75 Volkamer
lemon
2.376 L.S.D.
Salinity in ds.m-1 of irrigation water
8 4
19.91 22.21
21.99 24.82
23.16 24.63

2.376

Salinity in ds.m-1 of irrigation water

18.03
18.30
19.32
19.42
21.72
22.94
20.77
25.96
26.61

Table 5. The effects of root growth, melatonin, and irrigation water salinity on the shoot's dry weight rate (gm).

4
21.26
22.28
22.71
20.92
25.56
28.55
25.96
26.68
2824

4.114

1.7
28.39
32.38
33.10
34.64
35.54
39.20
34.15
37.15
38.96

Rootstocks
23.97 Swingle
Citrumelo
26.94 Sour Or-
ange
29.38 Volkamer
lemon
1.371 L.S.D.
melatonin mg. liter’! Rootstocks
50 0
2432  22.56 Swingle
Citrumelo
27.61  24.99 Sour Or-
ange
2991 2696  Volkamer
lemon
2.376 L.S.D.
melatonin
1.7 mg. liter!
32.39 0
35.02 50
36.75 100
L.S.D.
melatonin mg. Rootstocks
liter™!
0 Swingle
Citrumelo
50
100
0 Sour Or-
50 ange
100
0 Volkamer
50 lemon
100
L.S.D.
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Salinity in ds.m-1 of irriga-
tion water
39.74 1.7

35.00 4
30.59 8

1.259
Salinity in ds.m-1 of irriga-
tion water
8 4 1.7
32.56 35.22 38.33

32.44 34.00 39.56
26.78 35.78 41.33

2.181 L.S.D.
Salinity in ds.m-1 of irrigation water
8 4
29.67 34.78
30.33 34.78
31.78 35.44

melatonin mg. liter™!

34.07 0
34.85 50
36.41 100
1.259
Rootstocks

100
Swingle Cit- 37.11
rumelo
Sour Orange 37.44
Volkamer 34.67
lemon

2.181

Salinity in ds.m-1 of irrigation water

8
30.67
35.00
33.67
29.33
31.33
36.67
29.00
26.33
25.00

4 1.7
35.00 36.67
36.33 37.33
35.67 42.00
31.67 37.33
36.00 40.00
34.33 41.33
37.67 39.33
33.33 42.00
36.33 42.67
3.778

melatonin mg. liter’!

Rootstocks
35.37 Swingle
Citrumelo
35.33 Sour Orange
34.63 Volkamer
lemon
N.S. L.S.D.

Rootstocks

3489  34.11 Swingle

Citrumelo

3578  32.78 Sour Orange

33.89  35.33 Volkamer
lemon
L.S.D.
melatonin
1.7 mg. liter!
37.78 0
39.44 50
42.00 100
L.S.D.
melatonin mg. Rootstocks
liter™!
0 Swingle
Citrumelo
50
100
0 Sour Orange
50
100
0 Volkamer
50 lemon
100
L.S.D.

Table 6. The effect of melatonin on root growth, the salinity of irrigation water, and how they impact the rate of root length

(cm).

Salinity in ds.m-1 of irriga-

melatonin mg. liter!

Rootstocks
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tion water
19.83 1.7 13.12
14.35 4 15.20
10.22 8 16.07
0.960 0.690
Salinity in ds.m-1 of irriga- Rootstocks
tion water
8 4 1.7
8.40 10.45 15.80 Swingle
Citrumelo

11.30 16.47 19.16  Sour Orange

10.97 16.12 24.52 Volkamer

lemon

1.195 L.S.D.
Salinity in ds.m-1 of irrigation water
8 4
8.85 12.98
10.31 14.94
11.51 15.13
1.195

Salinity in ds.m-1 of irrigation water

8 4
3.74 7.36
8.68 11.06
9.16 10.63
9.84 15.56
11.06 16.86
12.99 16.99
9.35 13.72
11.18 16.89
12.37 17.75

2.070

Table 7. The effect of root growth, melatonin, the salinity of irrigation water, and how they impact the rate dry weight of the

rootstock (gm).

DISCUSSION

50
100

11.55

15.64
17.20

0.690

melatonin mg. liter™!

100
12.97

16.39
18.86

1.7

9.66

14.53
19.11
19.06
19.22
19.19
19.81
26.46
27.29

50 0
11.43  10.25

15.72  14.82
18.45  14.29

1.195

1.7
17.54
20.35
21.59

melatonin mg.
liter™!
0

50
100

50
100

50
100

Swingle
Citrumelo
Sour Orange
Volkamer
lemon
L.S.D.
Rootstocks

Swingle
Citrumelo
Sour Orange
Volkamer
lemon
L.S.D.
melatonin
mg. liter!
0
50
100
L.S.D.
Rootstocks

Swingle
Citrumelo

Sour Orange

Volkamer
lemon

L.S.D.

Clinical Biotec, Universidad Catolica del Oriente (UCQO) and Universidad Nacional Auténoma de Honduras (UNAH)



http://clinicalbiotec.com/
https://www.uco.edu.co/Paginas/home.aspx
https://www.unah.edu.hn/

Bionatura http://dx.doi.org/10.21931/RB/2023.08.04.54 15

The results above indicate differences between the citrus rootstocks (Swingle Citrumelo, Sour orange, and
Volkamer lemon) exposed to salt stress in vegetative and root characteristics. Especially the sodium and
chloride ions, thus increasing the readiness for absorption of nutrients in the origin area and how they affect
the leaves, improving cells' osmotic pressure and reaching a hormonal and nutritional state balance by pre-
serving a high potassium-to-sodium ion ratio, one of the key elements for salinity tolerance. 2. It was shown 2!
that the ability of citrus trees to tolerate salinity depends on the possibility of their origin in restricting the
absorption and transfer of harmful salt ions to the vegetative system. The results also showed that spraying
with the growth regulator melatonin with different concentrations had a significant effect in improving the
vegetative and root characteristics of seedlings under salt stress conditions, perhaps due to the role of mela-
tonin similar to the effect of auxin indole-3-acetic acid (I.A.A.) in promoting cell division and elongation and
Delaying leaf aging, stimulating photosynthesis, and maintaining the integrity of cell membranes and chlo-
rophyll pigment from demolition under salt stress conditions ?? and 2. It was mentioned * that melatonin and
LA.A. are synthesized inside the plant from the amino acid tryptophan. 2° It was found that the addition of
melatonin increases the levels of auxin inside the plant by stimulating the auxin flux proteins AUX-
IN1/LIKE-AUX1 (AUX/LAX) essential in the manufacture of [.A.A., or perhaps the reason is due to the role
of melatonin in protecting the plant from abiotic stresses either directly By scavenging or removing free
radicals or by stimulating enzymatic antioxidants such as Peroxidase (P.O.D.), Superoxide Dismutase
(S.0.D.) and Catalase (C.A.T.) and non-enzyme such as ascorbic acid, glutathione, and flavonoids, thus
protecting enzymes from oxidative damage and enhancing the efficiency of the chain Transfer of electrons and
reduce their leakage in the mitochondria and thus reduce the content of free radicals within the plant 26, 27, 28 It
was found that spraying Sour orange L with melatonin irrigated with saline water at a concentration of 100
mmol NaCl caused a significant increase in the carbohydrate content of the leaves and the antioxidant activity
(S.0.D., P.O.D. and C.A.T.) and glutathione. ?° It was found that spraying grape seedlings Vitis vinifera var.
Xiahei with melatonin at a concentration (200 mmol) caused an increase in the activity of enzyme antioxidants
(S.0.D., P.O.D. and C.A.T.) and the dry weight of the shoot and root system. The decrease in the growth of
citrus roots, in general, with the increase in salt concentrations in the irrigation water, may be due to the high
salinity causing a decrease in the water potential of the plant and thus reducing the expansion of cells and the
speed of their division and the closing of the guard cells of the stomata and the decrease in the process of gas
exchange and photosynthesis, which is reflected Negatively on growth and other metabolic processes and the
accumulation of organic matter **. High salinity also causes poor root growth and production of cytokinins,
which are transmitted through the plant sap and stimulate the growth of the vegetative system. Alternatively,
perhaps the reason is that the high salinity leads to inhibition of the production of growth inhibitors and re-
duces the activity of the meristematic tissue of the cambium, which causes a decrease in the size of the new
meristematic cells and the lack of their transformation into adult cells 3'.

According to the outcomes of this study, it is possible to irrigate citrus roots with electrical conduction water
(8 dSm™!) and spray with a melatonin growth regulator at a concentration of 100 mg. 1! to reduce the damage
of high salinity to plants.

CONCLUSIONS

Sour orange rootstock was significantly superior to the rest of the citrus rootstocks and recorded the highest
increase in the rate (plant height, stem diameter, number of leaves and leaf area), while the rootstock Volkamer
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lemon was significantly superior by recording the highest rate of dry weight of the vegetative and root system.
Irrigation with electrical connection water (1.7 decimens.m™) led to obtaining the highest values for vegetative
and root growth characteristics (plant height, stem diameter, number of leaves, leaf area, dry weight of the
vegetative and root system and root length). Treatment with the growth regulator melatonin at a concentration
(of 100 mg. L!) showed the highest rate in the trait (plant height, stem diameter, number of leaves, leaf area,
dry weight of the root and vegetative complex and root length). The dual and triple interactions between the
study factors led to a significant and clear superiority in the studied traits compared to the comparison treat-
ment, as the triple interaction treatment (Sour orange root + melatonin at an intensity of 100 mg. I'! + salinity
of irrigation water at an intensity of 1.7 decimens.m™") was significantly superior by giving the highest increase
in the rate of vegetative traits. Also, the treatment (Volkamer lemon + melatonin at an intensity of 100 mg. 1!
+ salinity of irrigation water at a concentration of 1.7 dm. m™) recorded the highest rate of length and weight of
the root when it is a dry system.
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