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Foliar spraying using different levels of meta-topolin
(0, 10, 20, and 30 mg L) and tryptophan (0, 50, and
100 mg L) was done to investigate their influence
on the seedling growth and chemical composition of
Flying Dragon rootstock. Additionally, a factorial
experiment was conducted utilizing three replications
following a randomized complete block design on the
success of Washington navel orange scions. The
study was conducted from September 2022 to June
2023 at a lath house at the Department of Horticulture
and Landscape Gardening, College of Agriculture,
University of Anbar, Irag. The results revealed that
the two study factors significantly impacted all traits,
particularly at higher concentrations. The 30 mg L*
meta-topolin treatment significantly increased plant
height, leaves number, leaves area, stem diameter,
number of buddable seedlings, vegetative dry weight,
stem total carbohydrate, leaves nitrogen content, and
total chlorophyll content, and scion success.
Moreover, 50 mg L* tryptophan foliar spraying
significantly increased all the above traits, while the
control treatment had the lowest values.

Keywords: Citrus, Flying Dragon rootstock, Foliar application, Meta-topolin,

Tryptophan.
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Introduction

Citrus seedlings are commonly utilized as rootstocks for budding desired cultivars.
Among the most popular dwarfing rootstocks is the Flying Dragon [Poncirus trifoliata
(L.) Raf. var. monstrosa (T. 1t6) Swingle], which can reduce the size of trees by
approximately 75%. Trees budded onto this rootstock can reach a height of 2.5 m or
less at maturity, making it suitable for high-density planting systems, thereby
increasing yield. The Flying Dragon originated in Japan as a mutation of the trifoliate
orange and was initially used as an ornamental plant in pots before being brought in
1915 to the United States (10, 20 and 31). It is characterized by its tolerance of the
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citrus tristeza virus (CTV), phytophthora spp., and citrus nematode resistance, as well
as cold tolerance and suitability for heavy soils. Additionally, it is compatible with
most citrus species, particularly sweet oranges (9 and 31).

The slow growth of citrus rootstocks, especially the Flying Dragon, during the
nursery stage and the delay in reaching the appropriate stage for budding (1.5-2 years)
have prompted nursery workers to adopt various methods for enhancing their growth
towards reducing the time of nursery development. These methods include foliar
spraying with plant growth regulators, amino acids, and other biostimulants.

The growth regulator meta-topolin (6-[3-hydroxy benzyl amino] purine) is a type of
aromatic cytokinin that was extracted from the leaves of the Poplar (Populus X
Canadensis Moench., cv. Robusta) in 1960, though it was not named until the 1990s
(27). Its effectiveness surpasses benzyl adenine (19 and 25) due to its resistance to
cytokinin oxidase (CKOx) activity. Additionally, its main metabolic products are of the
O-glucoside type (29), which are rapidly metabolized throughout all parts of the plant,
granting it high efficacy (17). Meta-topolin contributes to various developmental
processes in plants by stimulating cellular division, differentiation of the vascular
system, activation of the apical meristems, chloroplast development, preventing rapid
degradation of chlorophyll and proteins during senescence, maintaining hormonal
balance, facilitating the translocation of photosynthetic products and nutrients towards
plant growth points, and other physiological effects (2, 8 and 30).

Plants require amino acids, especially during the early phases of their life cycle, and
among these is tryptophan, an essential amino acid that can modify numerous vital
processes owing to its capability to impact virtually all phases of plant growth.
Tryptophan activates the enzymatic system, is involved in the biosynthesis of 1AA,
regulates the transport of ions and different nutrients, facilitates stomatal opening,
activates chlorophyll molecules, decomposes dead cells and converts them into protein,
increases root density, and enhances biochemical processes by regulating plant growth
and differentiation. It improves the plant's ability to acquire nutrients and water and
enhances resistance to abiotic stresses (15, 18 and 23).

Due to the lack of studies on Flying Dragon rootstock, this study evaluated the
impact of spraying meta-topolin as well as tryptophan on improving its growth to
achieve a suitable size for budding in the shortest possible time, as well as to assess the
bud take success of Washington navel oranges.

Materials and Methods

This research was conducted on 720 Flying Dragon rootstock seedlings from a lath
house belonging to the Horticulture and Landscape Gardening Department, Faculty of
Agriculture, University of Anbar, Irag, from September 2022 to June 2023. Five-
month-old seedlings planted in 4-kg plastic containers were sourced from the certified
citrus nursery (Saddat Al-Hindiya/Karbala) under the General Company for
Horticulture and Forestry, Ministry of Agriculture, in mid-August 2022.

Service Operations: The seedlings were selected for maximum growth uniformity,
with stem diameters of 15-20 cm ranging between 3-4 mm. All necessary care practices
were performed, and NPK (20-20-20) chemical fertilizer was added at a rate of 80 g
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seedling over four doses in September, October, March, and April (28). Prior to the
treatments, soil samples were taken for physical and chemical analyses (Table 1).

Table 1: Some physical and chemical properties of the soil.

Analysis Average Unit
EC 1.93 ds m*
pH 7.4
Soil texture
Sand 75 g kgt
Clay 11 g kgt
Silt 14 g kgt
Texture Sandy loam
Available N 71.2 mg kg soil
Available P 13.8 mg kg soil
Available K 162.8 mg kg soil

Study Factors and Experimental Design: The seedlings were sprayed with the
growth regulator meta-topolin, produced by Duchefa Biochemie B.V. Co., Netherlands
(Assay 99.00%), at four concentrations of 0, 10, 20, and 30 mg L%, denoted M0, M10,
M20, and M30, respectively. They were also sprayed with tryptophan, produced by
Sigma-Aldrich Chemic Co., Germany (Assay 98.00%), at 0 (denoted TO0), 50 (T50),
and 100 (T100) mg L. The spraying was conducted on September 5, and October 5,
2022, and March 5, 2023.

A factorial experiment (4 x 3) was conducted utilizing three replications at 20
seedlings per experimental unit following a randomized complete block design (4). The
data were analyzed with the GenStat statistical program, and the least significant
difference at LSD 0.05 used to contrast the means.

Studied Traits: Plant height and stem diameter increments, and number of leaves
were measured before the treatments were implemented (5/9/2022) and re-measured
on 4/10/2023 to determine the rate of increase before the budding process. The other
traits were measured before the budding, and included:

Leaf area (11 and 21).

Buddable seedlings percentage was calculated using the equation:

Buddable seedlings % = no. of seedlings with stem diameters of 5.4 mm or more at 15-
20 cm height)/total no. of seedlings (14).

Dry weight of the vegetative system.

Stem carbohydrate content (%) and leaf nitrogen percentage (7).

Total leaf chlorophyll content (13).

Shield budding was performed at a height of 15-20 cm (16) using scions of
Washington Navel oranges on April 10, 2023. The number of seedlings was
standardized to 8 per experimental unit based on the lowest number of buddable
seedlings in the control treatment. On May 20, 2023, the bud take success percentage
was calculated utilizing the following equation:

Bud take success % = successful scion number/total number of budded seedlings.
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Results and Discussion

Plant height, leaf number and area, stem diameter, and buddable percentage: The
results in Table 2 indicate that the meta-topolin and tryptophan treatments had a
significant influence on all the evaluated traits, especially at higher concentrations.
Spraying with 30 mg L of meta-topolin (Mso) significantly improved seedling height,
leaf number, leaf area, stem diameter, and buddable seedling percentage at 16.81 cm,
16.55 leaf seedling™, 8.45 dm?, 1.44 mm, and 76.66%, respectively. In contrast, the
control treatment of 0 mg L™ (Mo) recorded the lowest values at 10.51 cm, 10.89 leaf
seedling™®, 6.04 dm2, 0.82 mm, and 53.33% for the same traits.

Similarly, tryptophan spraying led to significant increases in the traits. The 100 mg
L concentration (T100) produced the greatest increase in seedling height, leaf number,
leaf area, stem diameter, and buddable seedling percentage at 15.80 cm, 16.03 leaf
seedling™?, 8.00 dm2, 1.31 mm, and 75.00%, respectively compared to the lowest values
of 11.50 cm, 11.63 leaf seedling™, 6.41 dm2, 0.93 mm, and 57.50% for the 0 mg L*
treatment (To). Notably, there was no significant difference between the To and Tso
levels in the mentioned traits except for stem diameter and buddable seedlings.

The interaction between the growth regulator and amino acid spraying reached a
significant level, particularly with the MsoT100 treatment producing the highest values
of 18.78 cm for seedling height, 18.22 leaf seedling™, 9.31 dm? leaf area, 1.66 mm stem
diameter, and 85.00% buddable seedlings, respectively. In contrast, MoTo gave the
lowest results.

Table 2: Meta-topolin and tryptophan spraying and their interaction effects on
vegetative growth and suitable bud seedlings of the flying dragon rootstock.

Treatment Plant height Leaf number Leaf area Stem diameter Buddable
increment (cm) increment (dm?) increment (mm) %
(leaf seedling™)
Meta-topolin (M) mg L

Mo 10.51 10.89 6.04 0.82 53.55
Mo 13.96 13.37 6.71 1.12 66.66
M2o 13.89 14.03 7.24 1.20 71.66
Mso 16.81 16.55 8.45 1.44 76.66
LSD 4.61 2.43 0.82 0.04 8.31
Tryptophan (T) mg L™
To 11.50 11.63 6.41 0.93 57.50
Tso 14.08 13.47 6.91 1.19 68.75
T100 15.80 16.03 8.00 131 75.00
LSD 4.13 2.11 0.72 0.03 7.34
Meta-topolin x Tryptophan

MoTo 8.11 8.67 5.36 0.69 40.00
MoTso 11.00 10.44 5.94 0.84 55.00
MoT 100 12.44 13.56 6.83 0.93 65.00
Mi1oTo 11.67 11.33 6.17 0.96 65.00
MioTs0 14.00 13.11 6.44 1.15 65.00
MaoT 100 16.22 15.67 7.52 1.26 70.00
M2oTo 11.56 11.44 6.28 1.00 60.00
M20T's0 14.33 14.00 7.09 1.21 75.00
M2oT 100 15.78 16.67 8.35 141 80.00
M3 To 14.67 15.11 7.84 1.09 65.00
M3oT 10 17.00 16.33 8.20 1.58 80.00
M3oT 20 18.78 18.22 9.31 1.66 85.00
LSD 8.27 4.23 1.45 0.06 14.69
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Dry weight of vegetative parts, stem carbohydrate content, leaf nitrogen and
chlorophyll content, and budding success: Table 3 shows significant differences from
spraying levels of meta-topolin in the dry weight of aerial parts, stem carbohydrate
content, leaf nitrogen, chlorophyll content, and the number of buddable seedlings. The
Mzo treatment showed significant superiority over the others producing the highest
values of 11.60 g, 8.96%, 2.47%, 1.43 mg g* FW, and 79.16% for these traits,
respectively compared to the lowest for the Mo treatment at 9.12 g, 7.79%, 2.34%, 1.15
mg g FW, and 54.16%.

Tryptophan foliar application also gave notable increases in all characteristics,
particularly the Ti00 concentration, which significantly outperformed the others
achieving the highest values of 11.07 g, 8.74%, 2.46%, 1.39 mg g™* FW, and 75.00%,
sequentially. Conversely, the lowest values were for the To concentration at 9.40 g,
7.91%, 2.34%, 1.28 mg g* FW, and 59.37%, respectively.

The biostimulant interaction achieved a notable influence, with the MzoT1o00
producing the highest dry weight of the vegetative system (12.14 g), carbohydrate
content (9.11%), nitrogen (2.51%), chlorophyll (1.51 mg g.1 FW), and buddable
seedlings (87.50%). In contrast, MoTo showed the lowest results.

Table 3: Meta-topolin and tryptophan spraying and their interaction effects on
chemical traits and percentage of budding success of the flying dragon rootstock

seedlings.
Treatment Vegetative parts  Carbohydrates Nitrogen Chlorophyll Buddable
DW (g) (%) (%) content %
(mgg* FW)
Meta-topolin (M) mg L
Mo 9.12 7.79 2.34 1.15 54.16
Mo 10.32 8.32 2.39 1.31 62.50
M2o 10.35 8.36 2.41 1.40 66.66
Mo 11.60 8.96 2.47 1.43 79.16
LSD 0.43 0.31 0.04 0.06 11.15
Tryptophan (T) mg L
To 9.40 7.91 2.34 1.28 59.37
Tso 10.58 8.42 241 1.30 62.50
T1o0 11.07 8.74 2.46 1.39 75.00
LSD 0.37 0.28 0.03 0.05 9.52
Meta-topolin x Tryptophan

MoTo 8.12 7.31 2.28 1.09 50.00
MoTso 9.45 7.87 2.34 1.16 50.00
MoT100 9.80 8.20 241 1.21 62.50
MioTo 9.39 7.83 2.33 1.33 50.00
Mi0Ts0 10.48 8.36 2.40 1.20 62.50
MaoT 100 11.11 8.78 2.46 1.40 75.00
M2oTo 9.42 7.90 2.34 1.34 62.50
M20Ts0 10.39 8.31 2.41 1.41 62.50
M20T 100 11.24 8.89 2.48 1.46 75.00
MaoTo 10.68 8.59 2.41 1.36 75.00
MsoT10 12.00 9.17 2.49 1.42 75.00
MsoT20 12.14 9.11 251 151 87.50
LSD 0.75 0.57 0.06 0.11 19.05
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Meta-topolin plays a direct role in influencing the physiological processes essential
for plant growth and development. It stimulates cellular division, activates apical
meristems, initiates and develops leaf primordia, promotes chlorophyll formation while
delaying its degradation, and facilitates the translocation of photosynthate and minerals
to the growth points of plants (2 and 30). This positive impact on growth, namely
increased plant height, leaf numbers and area, is likely linked to improved
photosynthetic efficiency and increased carbohydrate production. A portion of these
carbohydrates is utilized for growth, and the excess stored in other plant organs, such
as stems, leading to increased stem thickness. This, in turn, positively correlates with
a higher percentage of buddable seedlings.

The impact of meta-topolin in increasing the budding success rate may be attributed
to its role in stimulating callus initiation, cambium activity, and re-connection of
vascular tissues in bud union (24 and 26). These outcomes align with the findings of
(22), who reported that vegetative growth traits and the graft-able percentage increased
noticeably with foliar application of benzyl adenine in mango seedlings. Similarly, the
results align with (3), who found that treating with thidiazuron significantly improved
the vegetative growth and the chemical content of the Clementine mandarin, as well as
increasing the buddable seedlings and bud take success rates.

The overall improved growth features of flying dragon rootstock seedlings,
particularly at the 100 mg L™ tryptophan level, can be attributed to its vital role in
providing the basic units for protein synthesis, and in activating the enzymatic system,
opening stomata, and facilitating the transport of mineral ions and nutrients driven by
transpiration. This leads to enhanced photosynthetic efficiency and increased output,
as well as the biosynthesis of IAA, which, through its polar transport, stimulates
vascular cambium activity and the differentiation of vascular tissues (1, 15 and 18).
Consequently, this results in increased growth, along with a higher percentage of
buddable saplings and bud take success. These results are consistent with (12) that
vegetative growth and chemical content in mango seedlings significantly increased
with tryptophan spraying, and with (5 and 6) who indicated that it led to increased
growth and mineral elements percentage in peach trees and citrus rootstocks
respectively.

Conclusions

The findings of this study underscore the significant impact of foliar spraying with
meta-topolin and tryptophan on the growth and physiological attributes of flying
dragon rootstock seedlings, as well as the scion success rates of Washington navel
orange. The application of meta-topolin at 30 mg L concentration proved to be the
most effective, resulting in notable improvements in plant height, leaf number and area,
stem diameter, dry weight of aerial parts, buddable seedling percentage, and key
biochemical parameters of carbohydrate content, nitrogen levels, and total chlorophyll
content. Similarly, tryptophan at 50 mg L™ significantly enhanced the measured traits,
though at a slightly lesser extent than the highest meta-topolin concentration.

These results highlight the potential of growth regulators and amino acids in
optimizing citrus rootstock development and improving bud-take success rates. The
study provides valuable insights for horticulturists and citrus growers, emphasizing the
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importance of precise hormonal treatments to maximize seedling vigor and budding
success. Future research could further explore the interactive effects of these
compounds across different environmental conditions to refine best practices for citrus
propagation. Also, in light of the results of the study, it is possible to shorten the pre-
budding growth period of flying dragon rootstock and Washington navel oranges to
within 12 months, with a high percentage of budding success.

Supplementary Materials:

No Supplementary Materials.
Author Contributions:

A. M. |. Al-Janabi: Conceptualization, methodology, software, data curation, writing-
original draft preparation, visualization, investigation, supervision; I. A. Aubied: Software,
validation, writing- reviewing and editing.

Funding:

This work was not supported through any funding.
Institutional Review Board Statement:

The study was conducted following the protocol authorized by the Head of the Ethics
Committee, University of Anbar, Iraq Republic.

Informed Consent Statement:
Not applicable.

Data Availability Statement:
Data available upon request.

Conflicts of Interest:
The authors declare no conflict of interest.

Acknowledgments:
The authors are extremely grateful for the academic support provided by the University of
Anbar in conducting this study.

Disclaimer/Journal’s Note:

The statements, opinions, and data contained in all publications are solely those of the
individual author(s) and contributor(s) and not of AJAS and/or the editor(s). AJAS and/or the
editor(s) disclaim responsibility for any injury to people or property resulting from any ideas,
methods, instructions, or products referred to in the content.

References

1. Abdallah, H. R. (2020). Effect of foliar application with urea, benzyladenine and
dry yeast on flowering and fruiting of minneola tangelo trees to reduce the severity
of alternate bearing phenomena. Middle East Journal of Agriculture Research.
9(4): 893-933.

2. Ahmed, M., and Strnad, M. (2021). Meta-topolin: A growth regulator for plant
biotechnology and agriculture. Springer Nature Singapore Pte Ltd., 329 p.
https://doi.org/10.1007/978-981-15-9046-7.

3. Al-Janabi, A. M. I., and Abd, N. T. (2024). Softwood grafting of clementine
mandarin as affected by thidiazuron treatment and rootstock type. Indian Journal
of Agricultural Research, 58(4): 664-669. https://doi.org/10.18805/IJARe.AF-
853.

1161


https://doi.org/10.1007/978-981-15-9046-7
https://doi.org/10.18805/IJARe.AF-853
https://doi.org/10.18805/IJARe.AF-853

Anbar J. Agric. Sci., Vol. (23) No. (2), 2025. ISSN: 1992-7479 E-ISSN: 2617-6211

4.

10.

11.

12.

13.

14.

15.

16.

17.

Al-Mohammadi, S. M., and Al-Mohammadi, F. M. (2012). Statistics and
experimental design. Dar Osama for publishing and distribution. Amman, Jordan,
376.

Al-Mousawi, A. M., Naser, S. M., and Salman, F. S. (2025). Response of citrus
rootstocks to arginine and tryptophan. SABRAO Journal of Breeding and
Genetics, 57(3): 1332-1342. http://doi.org/10.54910/sabrao2025.57.3.45.
Al-Saif, A. M., Sas-Paszt, L., Saad, R. M. and Mosa, W. F. A. (2024). Amino acids
as safe bio stimulants to improve the vegetative growth, yield, and fruit quality of
peach. BioResources. cnr. ncsu. edu., 19(3): 5978-5993. DOI:
10.15376/biores.19.3.5978-5993.

AOAC. (1980). Official Methods of Analytical Chemists, 13th ed., (Hortwitz W.
ed.), Association of Official Chemists, 33: 617-623.

Aremu, A. O., Bairu, M. W., SziiCova, L., Dolezal, K., Finnie, J. F., and Van
Staden, J. (2012). Assessment of the role of meta-topolins on in vitro produced
phenolics and acclimatization competence of micropropagated ‘Williams’ banana.
Acta Physiologiae Plantarum, 34(6): 2265-2273. https://doi.org/10.1007/s11738-
012-1027-6.

Bowman, K. D., and Joubert, J. (2020). Citrus rootstocks. In: Talon, M., Caruso,
M. and Gmitter, F. G., editors. The Genus Citrus. Elsevier Inc., 105-127.
https://doi.org/10.1016/B978-0-12-812163-4.00006-1.

Cheng, F. S., and Roose, M. L. (1995). Origin and inheritance of dwarfing by the
citrus rootstock Poncirus trifoliataflying dragon'. Journal of the American Society
for Horticultural Science, 120(2): 286-291.

Edson, C. E., Howell, G. S., and Flore, J. A. (1995). Influence of crop load on
photosynthesis and dry matter partitioning of Seyval grapevines. Il. Seasonal
changes in single leaf and whole vine photosynthesis. American Journal of
Enology and Viticulture, 46(4): 469-477. DOI: 10.5344/ajev.1995.46.4.469.
El-Badawy, H. E. M., and Abd EI-Aal, M. M. M. (2013). Physiological response
of Keitt mango (Mangifera indica L.) to kinetin and tryptophan. J. Appl. Sci. Res.,
9(8): 4617-4626.

Gogoi, M., and Basumatary, M. (2018). Estimation of the chlorophyll
concentration in seven citrus species of Kokrajhar district, BTAD, Assam, India.
Tropical Plant Research, 5(1): 83-87. https://doi.org/10.22271/tpr.2018.v5.i1.012.
Hartmann, H. T., Kester, D. E., Davies, F. T., and Geneve, R. L. (2011). Hartmann
and Kester's Plant Propagation: Principles and Practice. 8th ed. Upper Saddle
River, NJ: Pearson Education Inc., Publishing as Prentice Hall.

Hildebrandt, T. M., Nesi, A. N., Araujo, W. L. and Braun, H. (2015). Amino acid
catabolism in plants. Journal of Molecular Plant, 8:1563-1579.

Ishfag, M., Abbas, R. M., and Nasir, I. A. (2012). Effect of bud wood age, budding
height and stock looping, on bud take in sweet orange (Citrus sinensis L.) var. Pine
Apple. Glo. Adv. Res. J. Agric. Sci., 1(7): 275-278.

Kaminek, M., Vanék, T., and Motyka, V. (1987). Cytokinin activities of N 6-
benzyladenosine derivatives hydroxylated on the side-chain phenyl ring. Journal
of Plant Growth Regulation, 6(2): 113-120. https://doi.org/10.1007/BF02026460.

1162


http://doi.org/10.54910/sabrao2025.57.3.45
https://doi.org/10.1007/s11738-012-1027-6
https://doi.org/10.1007/s11738-012-1027-6
https://doi.org/10.1016/B978-0-12-812163-4.00006-1
https://doi.org/10.22271/tpr.2018.v5.i1.012
https://doi.org/10.1007/BF02026460

Anbar J. Agric. Sci., Vol. (23) No. (2), 2025. ISSN: 1992-7479 E-ISSN: 2617-6211

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Kawade, K., Tabeta, H., Ferjani, A., and Hirai, M. Y. (2023). The roles of
functional amino acids in plant growth and development. Plant Cell Physiology,
64(12): 1482-14932. doi: 10.1093/pcp/pcad071.

Khan, M. I. R., Singh, A., and Poor, P. (2023). Plant hormones in crop production.
1st Edition. Academic Press. DOI: 10.1016/C2021-0-00160-7

Mademba-Sy, F., Lemerre-Desprez, Z., and Lebegin, S. (2012). Use of Flying
Dragon trifoliate orange as dwarfing rootstock for citrus under tropical climatic
conditions. HortScience, 47(1): 11-17.
https://doi.org/10.21273/HORTSCI1.47.1.11.

Mazzini, R. B., Ribeiro, R. V., and Pio, R. M. (2020). Asimple and non-destructive
model for individual leaf area estimation in citrus. Fruits, 65(6): 365-71.
Muralidhara, B. M., Reddy, Y. T. N., Shivaprasad, M. K., Akshitha, H. J., and
Mahanthi, K. K. (2014). Studies on foliar application of growth regulators and
chemicals on seedling growth of mango varieties. The Bioscan, 9(1): 203-205.
Mustafa, A., Imran, M., Ashraf, M. and Mahmood, K. (2018). Perspectives of
using L-tryptophan for improving productivity of agricultural crops: A
review. Pedosphere, 28(1): 16-34. https://doi.org/10.1016/S1002-0160(18)60002-
5

Nanda, A. K., and Melnyk, C. W. (2018). The role of plant hormones during
grafting. Journal of plant research, 131(1): 49-58. https://doi.org/10.1007/s10265-
017-0994-5.

Nowakowska, K., and Pacholczak, A. (2020). Comparison of the effect of meta-
Topolin and benzyladenine during Daphne mezereum L. micropropagation.
Agronomy, 10(12): 1994. https://doi.org/10.3390/agronomy10121994.

Sharma, A., and Zheng, B. (2019). Molecular responses during plant grafting and
its regulation by auxins, cytokinins, and gibberellins. Biomolecules, 9(9): 397.
https://doi.org/10.3390/biom9090397.

Strnad, M., Hanus, J., Vanék, T., Kaminek, M., Ballantine, J. A., Fussell, B., and
Hanke, D. E. (1997). Meta-topolin, a highly active aromatic cytokinin from poplar
leaves (Populusx canadensis Moench., cv. Robusta). Phytochemistry, 45(2): 213-
218. https://doi.org/10.1016/S0031-9422(96)00816-3.

Tunnermann, L., Aguetoni Cambui, C., Franklin, O., Merkel, P., Nasholm, T., and
Gratz, R. (2025). Plant organic nitrogen nutrition: costs, benefits, and carbon use
efficiency. New Phytol, 245: 1018-1028. https://doi.org/10.1111/nph.20285.
Werbrouck, S. P., Strnad, M., Van Onckelen, H. A., and Debergh, P. C. (1996).
Meta-topolin, an alternative to benzyladenine in tissue culture?. Physiologia
plantarum, 98(2): 291-297. https://doi.org/10.1034/].1399-3054.1996.980210.x.
Werner, T., and Schmidilling, T. (2009). Cytokinin action in plant development.
Current opinion in plant biology, 12(5): 527-538.
https://doi.org/10.1016/j.pbi.2009.07.002.

Wu, G. A, Terol, J., V. Ibanez, V., Lopez-Garcia, A., Perez-Roman, E., Borreda,
C., Domingo, C., Tadeo, F. R., Carbonell-Callero, J., Alonso, R., Curk, F., Du, D.,
Ollitrault, P., Roose, M. L., Dopazo, J., Gmitter, F. G., Rokhsar, D. S., and Talon,
M. (2018). Genomics of the origin and evolution of citrus. Nature. 554: 311-316.
DOI: 10.1038/nature 25447.

1163


https://doi.org/10.21273/HORTSCI.47.1.11
https://doi.org/10.1016/S1002-0160(18)60002-5
https://doi.org/10.1016/S1002-0160(18)60002-5
https://doi.org/10.1007/s10265-017-0994-5
https://doi.org/10.1007/s10265-017-0994-5
https://doi.org/10.3390/agronomy10121994
https://doi.org/10.3390/biom9090397
https://doi.org/10.1016/S0031-9422(96)00816-3
https://doi.org/10.1111/nph.20285
https://doi.org/10.1034/j.1399-3054.1996.980210.x
https://doi.org/10.1016/j.pbi.2009.07.002

