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Background and Objectives: Indigo plant (/ndigofera tinctoria L.) is a
forgotten plant that has many therapeutic properties such as antibacterial,
antiallergic, liver protector and antioxidant. Solutions that can reduce the
effects of late season drought in plants can be very beneficial. The use of
biological stimulant is one of the efficient methods to adjust biological
stresses. The aim of this study was to investigate the effect of salicylic acid
and glycine betaine elicitors at different irrigation levels on some
morphological and phytochemical indicators of Indigo plant.

Materials and Methods: This experiment was conducted as a factorial
based on a completely randomized design with 15 treatments and three
replications. The treatments examined in this research include irrigation at
three levels of 50, 75, and 100% of crop capacity as the first factor and
stimulants of salicylic acid (at two levels of 2 and 4 mM) and glycine
betaine (at two levels of 50 and 100 mM) along with control (spraying with
distilled water) was as the second factor. Irrigation treatments were applied
after the plants entered the four-leaf stage based on the agricultural
capacity of the soil and by weight method. The agricultural capacity of pot
soil was calculated by weight method with the help of moisture meter
(TDR). Foliage treatments with stimulants (salicylic acid and glycine
betaine) were performed at the 4-leaf stage. After one growing season,
morphological parameters such as plant height, number of branches, wet
and dry weight of plant, root length and root weight were measured. The
amount of photosynthetic pigments was measured with Arnon method, by
spectrophotometer approach. The anthocyanin content of leaves was
measured by acid methanol method. Proline content was also determined
by Bates method with the help of ninhydrin reagent. The total phenolic
content was measured by Folin Ciocaltio reagent, the total flavonoid
content was measured by aluminum chloride colorimetric method, and the
antioxidant activity was measured by DPPH free radical inhibition assay.

Results: The results showed that reducing irrigation (50% FC) reduced
plant height, number of branches, plant fresh and dry weight, root length
and root weight, chlorophyll, carotenoid, anthocyanin and flavonoid. On
the other handand, increased proline, phenol and antioxidant activity.
Foliar spraying of glycine betaine and salicylic acid increased the above
parameters under normal and water deficit conditions. The positive effect
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of glycine betaine, especially the concentration of 100 mM, was higher
compared to the positive effect of salicylic acid. The interaction effect of
irrigation and stimuli showed that the highest height (1.6 cm), dry weight
of plant (73.47 grams per plant), root length (8.75 cm), chlorophyll a (10.8)
mg/g) and carotenoid (0.53 mg/g) was obtained with 100 mM glycine
betaine treatment in 100% crop capacity irrigation and the highest amount
of phenol (294.3 mg/g of gallic acid) and antioxidant activity (68.47%)
was achieved with 100 mM glycine betaine treatment in 75% FC irrigation
regime.

Conclusion: According to the results of the present research, glycine
betaine and salicylic acid, especially glycine betaine at a concentration of
100 mM, can act as a suitable stimulus to increase growth, produce
secondary metabolites of the Indigo plant and deal with low negative
effects of droght stess should be suggested.
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Fig. 1. Indigo plant grown in a growth chamber after two months.
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Table 1. Variance analysis of the effects of irrigation and spraying stimulants on the morphological
parameters of the indigo plant.
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Mean squared
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Root wet Root Dry weight of  Fresh weight s Height Degrees of Source of
weight length the plant of the plant The number of g freedom variation
lateral branches
L
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Irrigation
S
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Stimulant
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Stimulant
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Error
(Ao ) DS 2
16.2 12 14.2 14.4 13.7 9.4 -

Coefficient of
variation
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* and ** are respectively significant at the probability levels of 0.05 and 0.01
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Table 2. Mean comparisons of the interaction effect of irrigation levels x biostimulants on morphological
traits of Indigo.
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Means with at least one similar letter in each column, are not significantly different in 5% probability level
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Table 3. Variance analysis of the effects of irrigation and spraying stimulants on the morphological parameters of
the indigo plant.

Sl e 1 Sle
Mean squared

2 F g

=1 [}

2 = — = g = 2
R g e T E wWE i 4vF & s
wE %E af X& 5 33 2E i Y o
jx < _? é - ) £ =+ 2 53 3y 2 3y g o 2  Sourcesof
) ‘:é g e - g 4 S o 5 < 5 ) ign variats

)
2 &= a
L
184.575%*  3408.737**  58955.66**  306.46**  281.31**  0.01942**  (0.30303**  0.4149** 2 S
Irrigation
S
79.137** 3912.512%*%  14900.18** 50.93%** 92.80%** 0.0303** 0.12058**  (0.1639** 4 7
Stimulant
“Sf"'“XLS)L:‘J
23.901* 719.753%* 3092.75%** 2.85% 11.784* 0.0053* 0.01889** 0.0521* 8 Irrigation x
Stimulant
\_,i.il,e)‘] sl
10.491 130.84 430.244 11.173 5.175 0.00217 0.00398 0.01966 30
Error
St 2
9 114 12 104 18.5 14.5 16 20.1 - (4e)2)
Coefficient
of variation
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* and ** are respectively significant at the probability levels of 0.05 and 0.01
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Table 4. Mean comparisons of the interaction effect of irrigation levels x biostimulants on phytochemical
traits of Indigo.
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