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Abstract

Background and objectives: Elicitors are used more frequently to promote plant growth
and secondary metabolites. One of the main challenges for tea producers is the slow growth and
poor quality of green tea leaves (Camellia sinensis) in tea-growing regions of Iran. In many
plants, foliar application of chitosan or nano-chitosan (NC) enhances secondary metabolite
production. It has a positive impact on plants' physiological and biochemical indicators. This
study investigated the impact of nano-chitosan on some biochemical and physiological
parameters with and without mineral nutrition (NPK), as well as assessing the quality of green
leaves by comparing the relative expression levels of three enzymes involved in the flavonoids
pathway in the Kashef cv. tea plant in northern Iran.
Methodology: For this, two scenarios were used: four different concentrations of nano chitosan
solution (0, 25, 50, and 100 mgL*) were prepared and combined with NPK (1%-1%-0.5%), and
without NPK were prepared. At the Lahijan Tea Research Center in Iran, two experiments were
conducted as foliar treatments applied twice at two-week intervals, after the first season's
harvest in 2021. Twenty days following the initial foliar treatment, plant sampling was
conducted to examine physiological, biochemical, metabolic, and molecular characteristics. The
first and second leaves, as well as the buds, were gathered for metabolic and molecular testing.
The third and fourth leaves were collected for physiological and biochemical analyses.
Chlorophyll content and relative water content were measured in physiological experiments.
Protein content and the antioxidant enzymes CAT, SOD, and PPO were investigated
biochemically. Additionally, metabolic properties were determined using the folin-sio-catheo
method as well as HPLC to determine catechins, epigallocatechins, and gallocatechins.
Molecular analysis was also performed by examining the relative expression of three critical
enzymes in the flavonoid biosynthesis pathway, F3H, DFR, and LAR.
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Results: The results showed that utilizing NC along with NPK significantly increased the
content of total polyphenols in tea compared to the control (without NC and NPK). All
treatments reduced catechin content 4- to 6-fold. With an increase in NC concentration,
epigallocatechin content increased. Gallocatechin content also revealed a slight increase in 100
mg.L™* NC concentration. Chlorophyll content indicated a significant difference with a falling
trend in treatments with low concentrations of NC; however, a significant difference with a
growing trend was seen in treatments with 100 mgL? of nano chitosan. In comparison to the
control, various NC treatments had similar protein content. Except for the 50 mg.L™* NC+NPK
treatment, there was an apparent significant difference in the SOD enzyme activity in each NC
treatment, with a positive trend. With increasing NC concentrations, CAT enzyme activity also
rose in various treatments. In treatments with insignificant NC concentrations, PPO enzyme
activity significantly decreased. In different treatments, leaf water content rose. Only at a dose
of 100 mg.L"* NC+NPK did the relative expression of the F3H enzyme_rise nearly three times
compared to the control; in contrast, other treatments had no meaningful effect on relative
expression. Different NC+NPK treatments raised DFR relative expression, and 100 mg.L* NC
demonstrated the highest expression (4 times). Compared to the control, LAR relative
expression increased_at 0, 50, and 100 mg.L™* NC and NPK. The treatment without NC and with
NPK displayed the highest level of LAR expression, with an expression almost 2.5 times higher
than the control.

Conclusion: In Kashef cultivar tea plants, chitosan nanoparticles in various concentrations
coupled with NPK increased the production of catechin compounds. This effectively reduced
oxidative stress and enhanced green tea leaf quality. In addition to addressing oxidative stress,
NC may play a practical role in green tea quality. Due to its biodegradable properties, nano
chitosan can be used instead of chemicals to improve tea plants' green leaves quality and lower
environmental pollution.

Keywords: Tea plant, Camellia sinensis (L.) O. Kuntze, NPK, nano chitosan, flavonoid,
Dihydro flavonol 4 reductase, Flavonone 3 hyroxilasr, Leuoco anthocyanin reductase.
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A S
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A el sl

Real time (5, a adllae 5,50 o5 Oly (own
(RT PCR) PCR

S Sl (g5 s s 50 S50 $GS e
String Ll 5 5 gy palle 2y, 5 esla |
5 DFR F3H o5 aw 5 a8 ol B11 a5 oy cos
53 M8 5T 25 g oM (s g s 3 45 LAR
5 bl walS by plsea Kol boasS |8
L g 2 \-éj ol

G el GBul slags ol )..J\j 3 R
Real 5l sslizul | Syber green i,k K, e
Ja (Rotor gene Q-Pure Detection) time PCR
oS bals 3 5l s sl (Sl 3LS) £
byl b s ssliad Jals syluleal ol yea
ol pdaw () Jsam) az plosl VS 158l 5 51 eslinl
s plal 289 5ot ay, sl eslatad b lags e
(Livak & Schmittgen, 2001)
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Table 1. Gene-specific p

rimers used for real-time PCR

Gene name Primer sequence (5'-3")
F3H Forward: AGCCACATTCCAGAACCCAG
F3H Reverse: TGGCAAAGCTTCTTGAGCCT
DFR Forward: AGGACTTGCCAGTTGTGTCG
DFR Reverse: GCCATTGACAGGGTTTTCTGC
LAR Forward: CCCCCAGTACAATGTTCCAACT
LAR Reverse: TTCAGTTCTGCAAAAGCCCC
Actin Forward: CCATCACCAGAATCCAAGAC

Actin

Reverse: GAACCCGAAGGCGAATAGG
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Table 2. ANOVA of nanochitosan and NPK treatments effects on metabolic measurements in Camellia sinensis

var. Kashef
S.0.V. - M.S. - - - -
Total polyphenol Catechin Gallocatechin  Epigalocatechin Total catechin

Nanochitosan 3 9.19™ 21.72" 0.42™ 402.66™ 523.28"™
NPK 1 0.01m 7.36" 0.47* 12.03™ 0.00"

Nanochitosanx NPK 3 481" 13.32" 0.43" 82.87" 159.42"
Experimental error 7 0.07 0.09 0.04 0.46 0.86
C.V. (%) 1.78 16.02 18.12 2.55 3.14

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively
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Figure 1. Effects of different concentrations of nanochitosan and NPK on total polyphenol content in leaves of
Camellia sinensis var. Kashef
Nanochitosan levels: NCP-0: without nanochitosan, NCP-25: 25 mg.L?, NCP-50: 50 mg.L™?, and NCP-100: 100 mg.L%; NPK levels: NPK-0: without
NPK and NPK-1: NPK (1%- 0.5%- 1%)
Means with common letters are in the same statistical group at 1 and 5% probability levels (Tukey test).
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Figure 2. Effects of different concentrations of nanochitosan and NPK on flavonoids content in leaves
of Camellia sinensis var. Kashef
Nanochitosan levels: NCP-0: without nanochitosan, NCP-25: 25 mg.L?, NCP-50: 50 mg.L™, and NCP-100: 100 mg.L; NPK levels: NPK-0: without
NPK and NPK-1: NPK (1%- 0.5%- 1%).
Means with common letters are in the same statistical group at 1 and 5% probability levels (Tukey test).
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Figure 3. Effects of different concentrations of nanochitosan and NPK on relative water content (RWC) in leaves

of Camellia sinensis var. Kashef

Nanochitosan levels: NCP-0: without nanochitosan, NCP-25: 25 mg.L?, NCP-50: 50 mg.L %, and NCP-100: 100 mg.L; NPK levels: NPK-0: without

NPK and NPK-1: NPK (1%- 0.5%- 1%).

Means with common letters are in the same statistical group at 1 and 5% probability levels (Tukey test).
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Figure 4. Effects of different concentrations of nanochitosan and NPK on chlorophyll content in leaves of

Camellia sinensis var. Kashef

Nanochitosan levels: NCP-0: without nanochitosan, NCP-25: 25 mg.L?, NCP-50: 50 mg.L™, and NCP-100: 100 mg.L%; NPK levels: NPK-0: without

NPK and NPK-1: NPK (1%- 0.5%- 1%).

Means with common letters are in the same statistical group at 1 and 5% probability levels (Tukey test).
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Table 3. ANOVA of nanochitosan and NPK treatments effects on some physiological and biochemical traits in
Camellia sinensis var. Kashef

M.S.
S.O.V. d.f. Relative water . Superoxide Polyphenol
content Chlorophyll Protein Catalase dismutase oxidase
Nanochitosan 3 20.95™ 14.66™ 0.00001" 73918.49™ 897.04™ 451"
NPK 1 2.02m 2.05™ 0.00004™ 56.40" 327.52" 6.14™
Nanochitosanx 3 8.60™ 1.76™ 0.000006" 53447.39™ 303.55™ 0.18
NPK
Experimental error 7 0.96 0.07 0.000002 469.29 0.61 0.12
C.V. (%) 1.12 2.40 6.17 4.25 1.70 9.11

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 5. Effects of different concentrations of nanochitosan and NPK on antioxidant enzymes in leaves of

Camellia sinensis var. Kashef
Nanochitosan levels: NCP-0: without nanochitosan, NCP-25: 25 mg.L?, NCP-50: 50 mg.L™, and NCP-100: 100 mg.L; NPK levels: NPK-0: without
NPK and NPK-1: NPK (1%- 0.5%- 1%).
Means with common letters are in the same statistical group at 1 and 5% probability levels (Tukey test).
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Table 4. ANOVA of nanochitosan and NPK treatments effects on expression of some key genes in biosynthesis
pathway of catechins in Camellia sinensis var. Kashef

M.S.
SO.V. df. Flavonon-3-hydroxylase Dihydro flavonol-4- Leucoantocyanidin
reductas reductase
Nanochitosan 3 0.36™ 1.49™ 0.74™
NPK 1 1.00™ 9.82"" 2217

Nanochitosanx NPK 3 2.93" 3.44™ 1.19™
Experimental error 7 0.00 0.00 0.01
C.V. (%) 2.11 3.46 11.57

n.s., *, and **: non-significant, significant at 5%, and 1% probability levels, respectively.
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Figure 6. Effects of different concentrations of nanochitosan and NPK on expression of some key genes in
biosynthesis pathway of catechins in Camellia sinensis var. Kashef
F3H: Flavonon-3-hydroxylase, DFR: Dihydro flavonol-4-reductas, LAR: Leucoantocyanidin reductase; Nanochitosan levels: NCP-0: without
nanochitosan, NCP-25: 25 mg.L%, NCP-50: 50 mg.L™, and NCP-100: 100 mg.L%; NPK levels: NPK-0: without NPK and
NPK-1: NPK (1%- 0.5%- 1%).
Means with common letters are in the same statistical group at 1 and 5% probability levels (Tukey test).
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