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Abstract

Background and objectives: Indigo plant (Indigofera tinctoria L.) is a species belonging to
the Fabaceae family. It is widely distributed in tropical regions worldwide and has been
cultivated for centuries as the primary source of indigo dye. In addition to its economic
importance as a dye plant, it also possesses significant medicinal value. The plant exhibits
several therapeutic properties, including anti-inflammatory, lipid-lowering, neuroprotective,
anti-allergic, hepatoprotective, and antispasmodic effects. Phytochemical screening of
I. tinctoria has revealed the presence of various biologically active compounds, including
tannins, saponins, phenols, flavonoids, terpenoids, alkaloids, steroids, and essential minerals
such as calcium, phosphorus, potassium, iron, magnesium, zinc, and sodium. It also contains
trace elements such as copper, manganese, cobalt, and molybdenum, as well as vitamins and
fatty acids. Since elicitors such as chitosan and carrageenan have been reported to influence the
morphological and physiological characteristics of some plants positively, this study aimed to
investigate the effects of different concentrations of carrageenan and chitosan on selected
morphological and physiological indicators of the true indigo plant.

Methodology: This experiment was conducted as a factorial study based on a completely
randomized design (CRD) with three replications under pot conditions in the research laboratory
of the Faculty of Science, University of Zabol, in 2021. The experiment evaluated the effects of
different levels of carrageenan (0, 100, 200, and 300 ppm) and chitosan (0, 200, and 400 ppm)
on morphological and physiological traits of the plant. The measured morphological
characteristics included fresh weight, dry weight, and leaf indices. Physiological parameters
included photosynthetic pigments, total phenol, total flavonoid content, antioxidant activity, and
the activity of the phenylalanine ammonia-lyase (PAL) enzyme. Analysis of variance (ANOVA)
was performed using SAS statistical software (version 9.1), and Duncan’s multiple range test
was used to compare treatment means at the 5% probability level.

Results: The results of this study showed that several traits, including fresh weight, leaf
indices, chlorophyll a and b, carotenoids, total phenol content, antioxidant activity, and
phenylalanine ammonia-lyase (PAL) enzyme activity, were significantly affected by foliar
application of the biostimulants carrageenan and chitosan. The highest values for leaf length
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(2.5 cm), leaf width (1.35 cm), leaf area (1.89 cm?), and number of leaves (7.3) were observed
under the combined foliar treatment of 200 ppm carrageenan + 400 ppm chitosan. The
maximum stem height (1.6 cm) was recorded in the treatment with 300 ppm carrageenan +
400 ppm chitosan. The highest fresh and dry weights (7.34 g and 0.133 g, respectively) were
obtained from the 100 ppm carrageenan + 200 ppm chitosan treatment. In addition, the greatest
amounts of chlorophyll a, chlorophyll b, and total chlorophyll were observed in plants treated
with 200 ppm carrageenan + 200 ppm chitosan. Plants treated with 300 ppm carrageenan +
400 ppm chitosan showed the highest levels of total phenols, antioxidant activity, and PAL
enzyme activity.

Conclusion: In general, the effects of elicitors vary depending on the type and concentration
of the elicitor as well as the plant species. Based on the results of this study, carrageenan and
chitosan at concentrations higher than 200 ppm can be suggested as effective stimulants for
enhancing plant growth and the production of secondary metabolites. In particular, the
combined application of carrageenan (300 ppm) and chitosan (400 ppm) improved the
phytochemical properties of the indigo plant.
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Table 1. ANOVA of carrageenan and chitosan effects on Indigofera tinctoria traits

M.S.
Fresh Dry
S.0.V. d.f.  Number Stem Leaf Leaf Leaf Number . .
. weight of weight of
of nodes length length width area of leaves
plant plant
Carrageenan . " " " . "
) 0.7178 8.127  0.9726 0.2648 0.8107 5.657 0.00171 0.00000152"
Chitosan (Ch) 2 0.3014™  99.199™  0.3868"  0.1268™  0.4563™ 1.083m 0.00118™ 0.0000002"
K x Ch 6 0.448™ 13.697"  0.7027™  0.2039™  0.6002""  4.157™ 0.00015™ 0.00000415™
Error 24 0.2097 11.4622  0.03335 0.012298  0.01602 1.111 0.00000412 0.00000107
C.V. (%) 17.8 8.9 16.1 18.5 235 18.3 2.1 8.3

n.s., *, and **: non-significant, significant at 5, and 1% probability levels, respectively.
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Figure 1. Means comparison of carrageenan effects on number of nodes in Indigofera tinctoria
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 2. Means comparison of chitosan effects on Indigofera tinctoria stem length
Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 2. ANOVA of carrageenan and chitosan effects on Indigofera tinctoria traits

Fresh Dr
Carrageenan  Chitosan Leaf length Leaf width Leafarea  Number . ] y
5 weight of Weight of shoot
(ppm) (ppm) (cm) (cm) (cm?) of leaves

shoot (g) ()]
0 0.73f 0.48cd 0.18¢ 3.00M 2.19f 0.075¢
0 200 1.05¢ 0.54¢ 0.35¢ 4.50¢1 2.90¢f 0.102bc
400 1.008¢ 0.48d 0.45b° 5.009%f 3.18¢f 0.106b°
0 1.0094 0.47¢ 0.27¢ 4.909%f 3.77¢% 0.093¢
100 200 0.92¢ 0.55¢ 0.38¢ 5.80bcd 3.86% 0.091¢
400 0.81¢ 0.444 0.34¢ 5.70bed 4.60cd 0.117°
0 0.84¢ 0.34¢ 1.25% 6.00bcd 5.07¢ 0.098¢
200 200 0.90¢% 0.43d 1.32@ 7.002 7.342 0.1332
400 2.562 1.352 1.892 7.302 7.122 0.103bc
0 1.06°¢ 0.68° 0.62° 6.10bed 6.512 0.082de
400 200 1.37° 0.67° 0.66° 6.302 6.70% 0.088¢
400 1.340 0.700 0.69° 6.5020 5.57bc 0.111°

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. Analysis of variance of the effects of carrageenan and chitosan on phytochemical traits of indigo

M.S.
S.0.V. d.f.  Chlorophyll  Chlorophyll Total Carotenoids Total_ Antio_xi_dant PAL
a chlorophyll phenolics activity
Carrageenan (K) 3 1024.83* 78.56* 1667.38* 0.1130* 7411.72* 388.88* 0.054***
Chitosan (Ch) 2 16.86* 8.61* 252.27* 2.31* 1686.64** 404.22** 0.0147**
(K x Ch) 6 49.76* 4.55* 75.63* 0.417* 246.59* 178.03** 0.021**
Error 24 1.5 0.21 2.49 0.005 13.58 30.57 0.0034
C.V (%) 3.98 6.67 411 8.86 5.81 7.55 194
ns, * and **: non-significant, significant at 1 and 5% probability levels, respectively.
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Table 4. Means comparison of the effects of carrageenan and chitosan on phytochemical traits of indigo

Total

Chlorop Total Carotenoid  phenolics  Antioxidant PAL

Carrageenan  Chitosan Chlorophyll a hyll b chlorophyll —— m activit (nmol.
(ppm) (Ppm)  (mggiFW)  (mgg'  (mgg? FW) GA 06 gt

F.W) F.W) V- c vi?) F.W)

0 15.53i 1.63i 17.16% 0.075k 25.24i 62.77¢ 0.11°

0 200 18.91 4,141 23.04i 0.99¢d 34.94! 68.22¢ 0.254

400 22.25N 3.53 25.78 1.03¢ 38.003N 66.013¢ 0.294

0 24.929 6.641 31.57h 0.847 57.6f 71.69bc 0.244

100 200 26.47% 5.30" 31.78h 0.88¢f 49.839 69.77bed 0.23d

400 28.58f 6.079" 34.63¢ 1.21¢ 42.61h 67.34¢d 0.30d

0 32.27¢ 7.29¢f 39.54¢ 0.709" 62.81¢f 70.68bcd 1.28¢

200 200 50.522 11.592 62.122 0.41 83.29d 79.37% 1.30¢

400 43.38P 10.07° 53.46° 1.50° 67.7¢ 86.012 1.21¢

0 36.27 8.03¢% 44.31¢ 0.599" 90.94¢ 60.76¢ 2.02°

400 200 41.23¢ 8.73d 49.96°¢ 0.23i 97.53° 86.352 2.05°

400 37.70¢ 9.45bc 47.16° 1.642 109.432 88.83? 2.572

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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