Research Article

o

et gty 525

Iranian Journal of Rangelands and Forests Plant Breeding and Genetic Research
Vol. 34, No. 1, Page 57-69 (2026)

DOI: 10.22092/ijrfpbgr.2026.373457.1500

Investigating the Effect of Zinc Oxide Nanoparticles (ZnO NPs) on /in vitro Regeneration of
Chamomile (Matricaria chamomilla L.)

Saba Eslami'*, Arman HaghNazari2 and Ali Amarlou?

*Corresponding author: M.Sc. graduate in Biotechnology, Faculty of Agriculture, University of Zanjan, Zanjan, lran. Email:
eslamisabaa@znu.ac.ir

2 PhD. graduate, Biotechnology, Faculty of Agriculture, University of Zanjan, Zanjan, Iran

3 Assoc. Prof., Institute of Modern Biological Technologies, University of Zanjan, Zanjan, Iran

Received: 2026/07/07 Revised: 2026/08/24 Accepted: 2026/08/31

Abstract

Background and Objectives: German chamomile is a medicinal plant belonging to the
Asteraceae family, holding a distinguished place in the pharmaceutical, food, and cosmetic
industries due to its valuable bioactive compounds, including flavonoids, coumarins, and phenolic
acids. Conventional propagation methods for this plant are insufficient for the mass production
of uniform plant material due to genetic heterogeneity, strong dependence on climatic conditions,
and the risk of disease transmission; therefore, in vitro culture is proposed as a reliable alternative
approach. Zinc oxide nanoparticles, owing to the key role of zinc in enzymatic activities and
hormonal regulation in plants, possess high potential for improving tissue regeneration; however,
sufficient information regarding their effect on German chamomile is lacking. This study was
conducted to investigate the effect of different concentrations of zinc oxide nanoparticles, alone
and in combination with benzyladenine (BA), on the in vitro regeneration of this plant.
Materials and Methods: German chamomile seeds were surface-sterilized with 5% sodium
hypochlorite for five minutes, followed by 70% ethanol for one minute, and after rinsing with
sterile water, were cultured on MS medium at pH 5.8. After one month, young leaves
approximately 5 mm in size were excised as explants and cultured on MS medium containing 2
mg/L 2,4-D and 3% sucrose for callus induction, in the dark, for one month. To evaluate the effect
of treatments on regeneration, concentrations of 0, 1, and 2 mg/L benzyladenine (BA) and 0, 10,
and 20 mg/L zinc oxide nanoparticles were applied separately and in combination, in a factorial
experiment based on a completely randomized design (CRD) with three replications.
Regeneration percentage, root length, root number, and shoot length were measured. All analyses
were performed in R software using the Agricolae package.

Results: Analysis of variance results showed that the main effects of BA and ZnO nanoparticles
were significant for most traits studied, and the interaction effect of these two factors was
observed only on root length. The highest regeneration percentage was obtained in the treatment
with 1 mg/L BA combined with 20 mg/L ZnO (83.33%), which did not differ significantly from
the treatment with 2 mg/L BA combined with 20 mg/L ZnO (80.66%), while the lowest
regeneration percentage was recorded in the control treatment (without BA and without ZnO) at
33.21%; the notable increase in regeneration in the treatment without BA combined with 20 mg/L
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ZnO (73%) indicated the independent role of ZnO in improving this trait. The highest mean root
length was observed in the treatment without BA combined with 20 mg/L ZnO (13.6 cm), and
root length decreased markedly with increasing BA concentration in the presence of 20 mg/L
ZnO. In contrast, the highest root number was recorded in the treatment with 2 mg/L BA
combined with 20 mg/L ZnO, indicating an opposing effect of BA on root length and root number.
The highest shoot length was obtained in the treatment with 1 mg/L BA combined with 10 mg/L
ZnO (4.26 cm). Overall, a ZnO concentration of 20 mg/L was the main factor stimulating
regeneration and rooting, and its combination with 1 mg/L BA provided the best balance between
high regeneration and root quality, whereas a ZnO concentration of 10 mg/L combined with BA
was more effective for shoot elongation.

Conclusion: It was concluded that the combination of 1 mg/L BA and 20 mg/L zinc oxide
nanoparticles created a suitable balance between regeneration percentage, root number, and shoot
growth, and could be proposed as a baseline protocol for in vitro regeneration of German
chamomile. Nevertheless, further optimization and evaluation of the response of different
genotypes are necessary in future studies.
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Table 1. Multivariate analysis of variance (MANOVA) using the Wilks' Lambda statistic to assess the effects of
BA, ZnO nanoparticles, and their interaction on regeneration traits of Matricaria chamomilla.

SOV df Wilks A Approx. F Hypothesis df Error df
Benzyladenine (BA) 2 0.159 5.67** 8 30
Zinc Oxide (ZnO) 2 0.015 26.9** 8 30
BAxZnO 4 0.177 2.21* 16 46.5

ol 00530 5\ Sl £l 55 4 (S sl F ol gog lsban Sy H* ¥
*, %, Wilks' Lambda F-values are significant at the P < 0.05 and P < 0.01 probability levels, respectively.
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Table 2. Analysis of variance of the main effects and interaction effects of Benzyladenine (BA) hormone and Zinc
Oxide (ZnO) nanoparticles on the regeneration traits of Matricaria chamomilla.

SOV df MS

Regeneration Root length Roots humber shoot length
Benzyladenine (BA) 2 502** 18.37** 10.04 5.68**
Zinc Oxide (ZnO) 2 6162** 100.59** 169.04** 3.03*
BAxZnO 4 95.0 15.48** 0.70 0.39
Error 18 54 1.96 441 0.51

** *significantly at 1% and 5% of probability levels, respectively
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Figure 1- Rooting of Chamomile regenerants at different concentrations of ZnO nanoparticles: a: control
medium (without nanoparticles); b: medium containing 10 mg/L nanoparticles; ¢: medium containing 20 mg/L
nanoparticles.
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Table 3. Mean of ZnO nanoparticles and Benzyladenine Interaction effects of on regeneration percentage, root
length, root number, and shoot length in Chamomile

Benzyladenine Zn0O Regeneration Root length roots number shoot length
(mg/l) (mg/l) (%) (cm) (per plantlet) (cm)
0 0 21.33e 3.00e 1.60 f 1.33¢
0 10 49.33 ¢ 6.60 c 6.30 de 2.73b
0 20 73.00 ab 13.60 a 11.00 abc 3.16 ab
1 0 25.33 de 3.60 de 2.60 ef 3.33ab
1 10 71.66 ab 7.30c 7.60cd 4.26 a
1 20 83.33a 11.00 b 11.60 ab 3.93ab
2 0 36.66 d 4.00 de 4.60 def 3.30ab
2 10 67.00 b 5.30 cde 8.30 bcd 3.96 ab
2 20 80.66 a 6.00 cd 12.30a 3.90 ab
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Means with the same letter in each column are not significantly different (P < 0.05) based on Duncan’s Multiple Range Test
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analysis stage.
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