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Summary

This study was conducted in the laboratory of tissue culture and plant
cells, Department of Forestry Sciences, College of Agriculture and Forestry,
University of Mosul during the period from March 2022 to May 2023 to reach
the best conditions for the reproduction of three citrus rootstocks, sour orange
Citrus aurantium L., Citrumelo swingle and ‘Carrizo’ Citrange(Css) with tissue
culture technology. Several experiments were carried out during each stage of
reproduction (Initiation, multiplication, and rooting) as follows:

Initiation stage: during which the responsiveness of the three rootstocks nodes
to growth was tested when grown on Murashige and Skoog medium (MS) or
Murashige and Tucker medium (MT) equipped with concentrations of Benzyl
adenine (BA) (0, 1, 2, 3, 4 mg L'"). The explants were incubated in the growing
room at a temperature of 23-25 ° C and an illumination intensity of 2000 lux
for 16 hours of light and 8 hours of darkness, and after 4 weeks of Culturing,
the results were taken. In the nodes cultured on the MS medium, the results
showed that the addition of BA in different concentrations improved the rate
of bud response to growth, as the highest response percentage of the original
Citrumelo swingle and Carrizo Css reached 100%, while the highest percentage
of response to the sour orange rootstock was 90%. As well, in the nodes
cultured in the MT medium, the highest percentage of response to No. of shoots
was in the nodes cultured on the media equipped with 2 mg L' BA and for all
rootstocks which achieved for sour orange, Citrumelo swingle, and Carrizo Css
rootstocks (90, 70, 100%), respectively. On the other hand, the results of the
MS medium surpassed the MT medium in the percentage of bud response and
shoot lengths.

The largest number of shoots obtained from the nodes cultured on the
MS medium equipped with 2 mg L' BA and amounted to 1.41 shoots, while
the largest number of shoots obtained from nodes cultured on medium
equipped with 1 mg L' BA amounted to 2.56 shoots and was significantly
superior to the control treatment. The largest lengths of shoots were obtained
from the nodes planted on the MS and MT mediums equipped with 1 mg L-!
BA and amounted to 1.93 and 1.11 cm, respectively, and were significantly
superior to the control treatment. The nodes of the rootstock Carrizo Css
cultured on the medium of the MS in the characteristic of shoot lengths differed
significantly from the other rootstocks.
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Multiplication stage: During these three consecutive experiments were
conducted, each of which was based on the best results of the previous
experiment, the explants were incubated in the same conditions as the initiation
stage and the experiments included the following:

The first experiment: studying the effect of citrus roots and BA
concentrations in the multiplication of apical shoots on the MS medium:
in this experiment, the effect of adding five concentrations of BA was studied
(0, 1, 2, 3,4 mg L) to the medium of MS in the multiplication of the apical
shoots of citrus rootstocks, after 8§ weeks of culturing, the results showed that
the rootstock of the Citrumelo swingle in the qualities of the number of shoots
and the number of leaves formed on the shoots was overcome the other
rootstocks, achieved 2.68 shoot and 11.50 leaves, respectively, while the
Carrizo Css rootstock superior in the length of the shoots in comparison with
sour orange (1.01 and 0.85 cm), respectively. On the other hand, the apical
shoots cultured on media equipped with 4 mg L' BA gave the highest number
of shoots and the number of leaves, which amounted to 3.43 shoots and 11.47
leaves plantlet™!, respectively, and differed significantly from the comparative
treatment. While the apical shoots cultured in comparison treatment (free of
BA) were significantly outperformed in shoot lengths (1.27 cm).

The second experiment: studying the effect of the type of nutrient medium
and Kin concentrations and their interactions in the multiplication of
apical shoots: in this experiment, the addition of different concentrations of
Kin was studied (0, 2, 4, 6, 8 mg L) to the MS medium or MT medium
equipped with 2 mg L' BA (the better-selected concentration from the previous
multiplication experiment). After 8 weeks of culturing, the results showed that
there were no significant differences between the apical shoots planted on the
nutrient media in all the studied qualities of the sour orange rootstock, while
the apical shoots cultured on the MT medium were observed to be significantly
superior to apical shoots cultured on the MS medium in achieving the largest
length of shoots (1.12 CM and 0.69 cm), respectively, for the Citrumelo
swingle rootstock, while the apical shoots that cultured on the MT medium
were significantly superior to the apical shoots cultured on the MS medium in
all the qualities studied of the rootstock Carrizo Css. On the other hand, the
apical shoots cultured on media equipped with 2 mg L' Kin significantly
outperformed the in comparison with comparative treatment in the capacity of
the number of shoots, achieving 2.91, 5.15, and 4.65 shoots of the sour orange,
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Citrumelo swingle, and Carrizo Css, respectively. There were also significant
differences in the quality of the number of leaves of the sour orange and Carrizo
Css rootstocks compared to the comparison treatment, achieving 13.86, and
16.05 leaves of the plantlet!, respectively, while there was no significant
difference in the rootstock of the Citrumelo swingle.

The third experiment: studying the effect of citrus rootstocks and the type
of iron and zinc in the multiplication of the apical shoots: in this experiment,
the response of apical shoots to the multiplication of rootstocks cultured on the
standard MT medium or its Modified was studied by adding ordinary chelated
iron (Fe-EDDHA) or nano chelated iron (Fe-EDDHA nano) or ordinary
chelated zinc (Zn-EDTA) or nano chelated zinc (Zn-EDTA nano), equipped
with 2 mg L' BA interacted with 2 mg L! kin (better treatment of the previous
experience) after 8 weeks of culturing, the results were taken. As for the
rootstocks, the results showed the superiority of the sour orange in manganese
concentration (9.39 mg kg™ dry weight) over the other rootstocks, while the
superiority of the Citrumelo swingle rootstock in the number of shoots and the
lowest degree of yellowing of the plantlets (4.12 shoots and 1.52 degrees) was
observed, respectively, over the sour orange and Carrizo C;s rootstocks. While
the Carrizo Css significantly exceeded the other rootstocks in the content of
chlorophyll a, chlorophyll b, total chlorophyll, dry weight of plantlets, and iron
concentration in plantlets, which amounted to 3.84 mg g™ wet weight, 1.79 mg
gl wet weight, 5.63 mg g wet weight, 0.043 g, 17.41 mg kg dry weight,
respectively.

As for the effect of the MT medium and its modifications, it is noted from the
results that the MT medium with the addition of zinc nano-chelated Zn-EDTA
is significantly superior to the other media in the number of shoots, the number
of leaves, the wet weight of plantlets and the dry weight of shoots (4.23 shoots,
18.33 leaves, 0.33 g, 0.049 g), respectively. On the other hand, the modified
MT medium with the addition of ordinary chelated iron Fe-EDDHA
significantly exceeded the other media in the content of chlorophyll a, total
chlorophyll, and the lowest degree of yellowing of plantlets (3.66 mg g”! Wet
weight, 5.44 mg g'! wet weight and 1.56 degrees), respectively.

Rooting stage: the ability of the standard MT medium and the selected media
was studied, which is better from the previous experiment (the modified MT
medium by adding ordinary chelated iron to the rootstock Citrumelo swingle
and the MT modified medium by adding nano chelated zinc to the rootstocks
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of the sour orange and Carrizo C;s) with half concentration of their salts and
equipped with different concentrations (0, 0.5, 1, 1.5, 2 mg L") of IBA in the
rooting of shoots. After 6 weeks of culturing, the rooting results of the sour
orange showed that the highest percentage of rooting shoots and the largest root
Length (45% and 9.3 cm), respectively, were obtained from media equipped
with 2 mg L' IBA, and this treatment was significantly superior in comparison
with the comparative treatment in root lengths. The highest number of roots
and the lowest number of days for root formation were obtained from shoots
that were cultured on media equipped with 1.5 mg L' IBA and amounted to
1.2 roots and 24.6 days. As for the effect of the media, it is noted that the
culturing of shoots on the standard MT medium was significantly superior in
giving the largest root lengths and the least number of days for root formation
(9.17 cm and 28.39 days), respectively.

While the results of rooting rootstock of the Citrumelo swingle showed that the
highest percentage of rooting of shoots and the largest length of shoots was
obtained from culturing on media equipped with 1.5 mg L-' IBA amounted to
70% and 10.29 cm, respectively, significantly superior to the comparison
treatment (without the addition of IBA). As for the best number of roots 4.28
roots and the least number of days for the formation of the root, 17.1 days were
obtained from the shoots cultured on mediums equipped with 1.5 mg L' IBA
and significantly outperformed the comparative treatment.

As for the rooting results of the Carrizo rootstock, it is noted that the
shoots cultured on media equipped with 2 mg L' IBA achieved the highest
percentage of response 80% superior to the comparison treatment, and the
largest number of roots 2.34 roots, while the largest length of roots and the least
number of rooting days (15.06 cm and 16.59 days), respectively, were obtained
from shoots cultured on media equipped with 1.5 mg L' IBA and significantly
superior to the comparison treatment. On the other hand, the medium of the
modified MT in the number of roots, root lengths, and the least number of days
for rooting (1.97 roots, 12.13 CM, and 20.83 days), respectively, significantly
exceeded the standard medium of MT, which amounted to 1.43 roots, 9.75 cm
and 25.8 days, respectively.

The acclimation stage showed that all rooted plants transferred to the
greenhouse gave a 100% survival rate after a month of being transferred to
outdoor field conditions.
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