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Abstract

Background and Obijective: In plant tissue culture, improving callus induction and
enhancing physiological, biochemical, and metabolic traits is highly important. Using natural
elicitors such as yeast extract combined with plant growth regulators can effectively boost
bioactive compound production and improve callus quality. Chrysanthemum morifolium L., a
valuable ornamental and medicinal plant, requires optimized in vitro culture conditions to
increase beneficial metabolite production. This study investigated the effects of various growth
hormones and yeast extract as an elicitor on the biochemical, morpho-physiological, and
metabolic characteristics of Chrysanthemum morifolium L. callus under in vitro conditions.

Materials and Methods: In this study, we prepared MS culture medium for Chrysanthemum
morifolium L. cell cultivation and added various hormonal combinations, including NAA, BAP,
and 2,4-D, to optimize callus induction. We disinfected seeds using benomy! fungicide, ethanol,
and sodium hypochlorite. We then collected leaf and stem explants from young plants and
cultured them in the prepared media. We conducted the experiments in a completely
randomized design with five hormonal levels, two explant types, and two light conditions. We
also added yeast extract (0, 1000, 1200, and 1400 mg/L) to the culture medium and evaluated its
effect on callus characteristics. Finally, we measured various callus traits, including fresh and
dry weight, chlorophyll, carotenoids, phenolics, flavonoids, antioxidant activity, and others. We
performed statistical analysis using SAS software and Duncan's multiple range test.

Results: The highest callus induction percentage (96.66%), shortest callus initiation time,
and greatest fresh weight, dry weight, and callus volume occurred in treatment E1IH5L (leaf
explant, 2 mg/L BAP + 2 mg/L 2,4-D under light conditions). Yeast extract at 1000 mg/L
showed the best performance in enhancing fresh weight (2.09 g), dry weight (1.128 g), and
callus volume (1.35 mm3). Treatments with 1200 and 1400 mg/L yeast extract also had positive
effects but were less effective. In the control treatment, chlorophyll a had the lowest content
(11.51 mg/g FW), while the 1000 mg/L yeast extract treatment had the highest level (24.33
mg/g FW). For chlorophyll b, the 1000 mg/L treatment also performed best (16.39 mg/g FW).
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Carotenoids, phenolics, flavonoids, antioxidant capacity, anthocyanins, and proline increased
with higher yeast extract concentrations, especially at 1400 mg/L. Malondialdehyde content
decreased, while catalase and peroxidase enzyme activities significantly increased across all
treatments.

Conclusion: The optimal yeast extract concentration for improving biochemical,
morphophysiological, metabolic, and antioxidant traits was 1000 mg/L. These results highlight
yeast extract's potential as an effective tool in plant tissue culture to enhance callus
characteristics, supporting its future use in medicinal plant research and agricultural
development.
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Table 1. ANOVA of hormone, explant type and light conditions effects on various Chrysanthemum morifolium
callus traits

M.S.
SOV df. Callus (%) Time to onseF of Callus fresh weight Callus dry weight Callus volume
callus formation

Hormone (a) 4 2910.00™ 191.89" 0.410™ 0.108™ 0.239™

Explant (b) 1 7260.00™ 101.40" 0.802™ 0.295™ 0.394™

Light conditions (c) 1 5606.007 180.26™ 0.636™ 0.294™ 0.624™

axh 4 1560.00™ 23.02" 0.222™ 0.714™ 0.0853™

axc 4 1090.00™ 31.89™ 0.153™ 0.0720™ 0.137™

bxc 1 2666.66" 32.26™ 0.242™ 0.163™ 0.178™

axbxc 4 450.00™ 92.22™ 0.0572™ 0.0494™ 0.0402"™

Experimental error 40 11.66 0.0666 0.0019 0.0136 0.00028

C. V. (%) - 24.39 6.85 22.32 9.65 13.13

** significant at 1% probability levels.

& "
o 8

2 mg/L BAP +2 m@/L 2,4-D jse, 5 Jlad 5 2lds, cov Sy disainy 3l sdel sy w8 - I3

Figure 2. Calli obtained from Chrysanthemum morifolium leaf explant under light and hormone treatment 2
mg/L BAP + 2 mg/L 2,4-D
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Figure 3. Mean comparison of hormone, explant, and light conditions interaction on callus percentage (a) and

time to callus initiation (b) of Chrysanthemum morifolium

E1HI: Leaf explant + Control, E1H2: Leaf explant + 1 mg/L NAA + 2 mg/L BAP, E1H3: Leaf explant + 0.2 mg/L 2,4-D, E1H4: Leaf explant + 0.2
mg/L BAP + 0.5 mg/L 2,4-D, E1HS: Leaf explant + 2 mg/L BAP + 2 mg/L 2,4-D, E2HI: Stem explant + Control, E2H2: Stem explant + 1 mg/L
NAA + 2 mg/L BAP, E2H3: Stem explant + 0.2 mg/L 2,4-D, E2H4: Stem explant + 0.2 mg/L BAP + 0.5 mg/L 2,4-D, E2HS: Stem explant + 2 mg/L
BAP + 2 mg/L 2,4-D, Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 4. Mean comparison of hormone, explant and light conditions interaction on callus fresh weight (a) callus

dry weight (b) callus volume (c¢) of Chrysanthemum morifolium

E1H1: Leaf explant + Control, E1H2: Leaf explant + 1 mg/L NAA + 2 mg/L BAP, E1H3: Leaf explant + 0.2 mg/L 2,4-D, E1H4: Leaf explant + 0.2
mg/L BAP + 0.5 mg/L 2,4-D, E1HS: Leaf explant + 2 mg/L BAP + 2 mg/L 2,4-D, E2HI: Stem explant + Control, E2H2: Stem explant + 1 mg/L

NAA + 2 mg/L BAP, E2H3: Stem explant + 0.2 mg/L 2,4-D, E2H4: Stem explant + 0.2 mg/L BAP + 0.5 mg/L 2,4-D, E2HS: Stem explant + 2 mg/L

BAP + 2 mg/L 2,4-D, Means with common letters are in the same statistical group at 5% probability level (Duncan test).



...Mbjw‘,dl:éud.hi)dug‘,ﬁ)‘,h;lw)ﬂ

AFC JSe) ws 5 21 (ol

GBS ns o e slas st <G IR
o ke

2t oslae gl J1 bl 42 s el

Lo yd g_g) JLM:-‘ C:h“ By L;.)})LJ b\ﬁf k.)"")“s o

Y Jodz) sl s s s

VAY

oI i s

» ol S 03 oSl Al el ol
24D S e ¥ + BAP S e ¥ o) EIH5L s
(fb JSa) sl 3l (pliss,

oSS o

by IS e bine (RIH) e @ G
24D+ S e ¥ + BAP » S e ¥ S5 ) EIHBL Lo

(Chrysanthemum morifolium) s355)s JS oS Olio 5 s s las 3 b))y a0 Y Jois

Table 2. ANOVA of yeast extract effects on Chrysanthemum morifolium callus traits

M.S.
SOV af Callus fresh weight Callus dry weight Callus volume
Yeast extract 3 0.0918™ 0.0549" 0.0972"
Experimental error 8 0.00494 0.0033 0.0051
C.V. (%) 3.78 5.98 6.43

* and **: significant at 5 and 1% probability levels, respectively.
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Figure 5. Mean comparison of different concentrations of yeast extract elicitor on fresh weight (a), dry weight
(b), and callus volume (c) of Chrysanthemum morifolium
Control (0 mg L"), YeE1 (1000 mg L"), YeE2 (1200 mg L"), and YeE3 (1400 mg L") represent the different yeast extract treatments applied in the
culture medium. Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. ANOVA of yeast extract effects on physiological, metabolic, and Chrysanthemum morifolium antioxidant

traits
M.S.
SXOAY] df
Chlorophyll a Chlorophyl Carotenoid Phenol Flavonoid Antioxidant
Yeast extract 3 8.16™ 42377 1.81" 546.56" 122.97" 126.62"
Experimental error 8 0.862 0.410 0.0117 4.82 0.592 0.915
C.V. (%) - 5.48 5.60 6.48 3.97 2.36 1.66
**: significant at 1% probability level.
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Figure 6. Mean comparison of different concentrations of yeast extract elicitor on chlorophyll a (a), b (b),
carotenoids (c), phenols (d), flavonoids (e), and antioxidants (f) of Chrysanthemum morifolium L.

Control (0 mg L"), YeE1 (1000 mg L"), YeE2 (1200 mg L"), and YeE3 (1400 mg L") represent the different yeast extract treatments applied in the
culture medium. Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 4. Results of analysis of variance of the effect of yeast extract on biochemical traits of Chrysanthemum
morifolium L.

M.S.
S0V df Malondialdehyde  Anthocyanin Proline  Catalase  Peroxidase
Yeast extract 3 13.46™ 9.28” 10207 23.27 3977
Experimental error 8 0.142 0.0099 0.0877 0.105 0.00874
C.V. (%) - 2.19 2.97 6.38 2.57 5.44
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Figure 7. Mean comparison of different concentrations of yeast extract elicitor on malondialdehyde (a),
anthocyanin (b), proline (c), catalase (d), and peroxidase (f) of Chrysanthemum morifolium

Control (0 mg L"), YeE1 (1000 mg L"), YeE2 (1200 mg L"), and YeE3 (1400 mg L") represent the different yeast extract treatments applied in the
culture medium. Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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