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Abstract

Indigofera tinctoria L. is one of the most important medicinal-industrial plants, valued for its indigo
carmine pigments and valuable phenolic compounds, which have extensive applications in the
pharmaceutical and dyeing industries. As a natural source of plant-based dyes, it holds high economic value
& exhibits moderate tolerance to environmental stresses such as drought and heat. This study was
conducted in Shahid Bahonar Agricultural High School, Shushtar with the aim of evaluating the effects of
planting date and plant density on photosynthetic traits and indigo carmine content of Indigo plant, using
a split-plot design based on a randomized complete block design with three replications over two
consecutive growing seasons (2022-2023). Treatments in the first year included six planting dates (April
29, May 19, June 8, June 28, July 17 and August 6) and four plant densities (30, 40, 50 and 60 plants per
square meter). In the second year, two planting dates (July 17 and August 6) were excluded, and only four
planting dates (April 29, May 19, June 8 and June 28) along with the same four plant densities were tested.
Analysis of variance revealed that planting date, plant density, and their interaction significantly affected
all qualitative traits at the 1% probability level. Mean comparison results showed that early planting in
spring (April 29) yielded the highest values for chlorophyll a, chlorophyll b and total chlorophyll (1.82, 0.73
and 2.55 mg/g, respectively), as well as indigo carmine content (5.91 g/m?). Delaying planting, especially
during the hotter months, significantly reduced all qualitative traits. A plant density of 40 plants per square
meter was identified as the optimal level, at which the highest photosynthetic indices and indigocarmine
content were observed. A significant positive correlation between chlorophyll content and indigocarmine
concentration indicated a direct relationship between photosynthetic activity and secondary metabolite
production in this plant. Overall, early planting in April and a plant density of 40 plants/m> are
recommended as the best treatments for maximizing both the quality and quantity of indigo carmine in the

indigo plant.
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Figure 3- Average minimum and maximum temperatures and rainfall in 2022 in Shushtar County
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Table 1- Physical and chemical properties of the soil before planting (depth: 0—30 cm) in the first and
second years
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Table 2: Analysis of variance of the effect of density and planting date on indigo plant quality traits (2022)

Ladsy)lS  Kanl leme  weylS Kooml S byl b Jds ks a Judg s @byl az)s

hd )““ -
Carotenoids  Indigo Content Indigo carmine Total Chlorophyll ~Chlorophyll b Chlorophyll a Degrees of

Freed ati
(MS) (MS) (MS) (MS) (MS) (MS) r?zi f(‘))m Source of Variation
0.003 0.15 0.005 0.020 0.008 0.012 2 (Block) <5 sl
0.08%* 5.82%* 0.12%* 0.63%* 0.18%* 0.45%* 5 (Deils )6
Planting date
0.002 0.18 0.004 0.021 0.006 0.015 10 (Bl os sles
Main plot error
0.06%* 4.75%% 0.09%* 0.44%* 0.12%* 0.32%* 3 (D)s'3
Density
0.01% 1.24% 0.02% 0.11% 0.03* 0.08* 15 TxD
0.001 0.12 0.003 0.014 0.004 0.010 36 (Ebep ol s

Subplot error

*Significant at the 5% level (p < 0.05) ** Significant at the 1% level (p <0.01) (p<0.01)7) mhaw ;o s me** (p<0.05)/0 mhaws jo jlo jine*
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Table 3: Analysis of variance of the effect of density and planting date on indigo plant quality traits (2023)

- . . c .. . . . ol3T a0
loadstis)l5 sKanl Glyme )5 sSoan) S by i b dg,ls a iy 5 “; ? ’)f i
Carotenoids  Indigo Content  Indigo carmine Total Chlorophyll Chlorophyll b Chlorophyll a cgrees o - )

(MS) (MS) (MS) (MS) (MS) (MS) Fr?:ff(‘;m Source of Variation
0.002 0.14 0.004 0.018 0.007 0.011 2 (Blocky <55l
0.09%* 6.15%+ 0.14% 0.68%* 0.20%* 0.48%* 3 (T2l )6

Planting date

0.002 0.16 0.003 0.019 0.005 0.014 6 (Eslolos slbs

Main plot error

0.07** 5.02%* 0.10%* 0.49%* 0.14%* 0.35%* 3 (D)rs
Density

0.02* 1.37* 0.03* 0.13* 0.04* 0.09* 9 TxD

0.001 0.10 0.002 0.012 0.003 0.009 oy (B oS gl

Subplot error

*Significant at the 5% level (p < 0.05) ** Significant at the 1% level (p <0.01) (P <0.01)7) gaw o lo gue®* (P <0.05)10 mhaw ;o o sos*
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Table 4: Comparison of the mean simple effects of planting date on qualitative traits in the years 2022 and 2023

@ 3595)15 S

Jedg IS boadssss 5 o)l sRaal slyme ee)lS $Saan] J5 Jedoyls b Jidsls a iy ks s b Ju
Carotene Carotenoids ~ Indigo carmine Content Indigo carmine Total Chlorophyll ~ Chlorophyll b Chlorophyll a Plantin Bate Year
Chiorophyll (mg/g) (@m?) %) (mg/g) (mg/g) (mg/g) €
Ratio
0.21+£0.01a 0.44 +£0.02a 4.57+0.17a 0.77 £0.02a 248+0.11a 0.70 £ 0.03a 1.78 £0.08a  March 30/cezgs) @
0.22+0.01b 0.42+0.01b 4.24 +0.16b 0.73 £ 0.02b 2.37+0.10b 0.66 + 0.03b 1.71£0.07b  April 19/cezess i ¥4
0.24+£0.01c 0.39+0.01c 3.48+0.13¢ 0.65 £ 0.02¢ 2.17 +0.09¢ 0.60 + 0.02¢ 1.57 £ 0.06¢ May 8 4, sls 5 1A §
[\
0.26 +0.01d 0.35+0.01d 3.16 £0.12d 0.60 + 0.02d 1.97 +0.08d 0.54 +0.02d 1.43 £ 0.05d June 28/,5 v f
0.28 +0.01e 0.32+0.0le 3.12+0.12¢ 0.55+0.01e 1.82 + 0.06e 0.48 £0.02e 1.34 £ 0.04¢ July 17155 vy
0.30£0.01f 0.29+£0.01f 2.88+0.11f 0.51£0.01f 1.71 £0.05f 0.43£0.01f 1.28 £0.04f August 7 a sls 0 17
0.20 +0.01a 0.48 +0.02a 4.80+0.18a 0.80 £ 0.02a 2.55+0.11a 0.73 £ 0.03a 1.82+£0.08a  March 30/ceigus) @
0.21£0.01b  0.45£0.01b 4.43£0.17b 0.75 + 0.02b 2.43+0.10b 0.68 = 0.03b 17540076 April 19%egusjve S
W
0.23+0.01c 0.41+0.01c 3.66 + 0.14¢ 0.68 + 0.02¢ 2.22 +0.08¢c 0.62 +0.02¢ 1.60 £ 0.06¢ May 8 4 sls > 1A f
0.25+0.01d 0.37+0.01d 3.35+0.13d 0.63 +0.02d 2.03 +0.07d 0.55 +0.02d 1.48 £ 0.05d June 28/ .5 v
ol 0033 B (5ol elas )0l e BB S99 pas aljie 4y (i 0 0 ailive By > 3525
The presence of similar letters in each column indicates no significant difference at the 5% statistical level.
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Table 5: Comparison of the mean simple effects of planting density on qualitative traits in the years 2022 and 2023
s 5 Sl U5 s is
s S badgmals SIS s e b s t5 8 iy ls 13 e
Carotene Carotenoids 80 ca ¢ Indigo carmine ota Chlorophyll b  Chlorophyll a Density Year
Chlorophyll  (mglg) Content %) Chiorophyll - 1/g) (mg/g)  (plants per m?)
Rati (g/m?) (mg/g)
atio
0.23+0.0la 0.40+0.0la 3.12+0.12a 0.68 +0.02a 2.29+0.10a 0.63 +0.03a 1.66 +0.07a 30
025+0.01b 0.38+0.01b 4.83+0.18b 0.65 +0.02b 2.21+0.08b 0.60 + 0.02b 1.61 + 0.06b 40
AEA
2022
027+0.01c  0.36+0.01c 3.80+0.15¢ 0.62+0.01c 2.13+£0.07¢ 0.57 £0.02¢ 1.56 £ 0.05¢ 50
029+0.01d 0.34+0.01d 2.89+0.11d 0.59+0.01d 2.03 +0.06d 0.53 +0.02d 1.50 £ 0.04d 60
021+0.0la 0.44+0.01la 3.46+0.13a 0.73+£0.02a 2.37+0.10a 0.67 £0.03a 1.70 £ 0.07a 30
023+0.01b 0.42+0.01b 5.12+0.19b 0.70 £ 0.02b 2.29+0.08b 0.64 +0.02b 1.65 + 0.06b 40
VEeY
2023
025+0.01c  0.39+0.01c 4.10+£0.16¢ 0.67+0.01c 2.21+0.07¢c 0.61 £0.02¢c 1.60 £ 0.05¢ 50
027+0.01d 0.37+0.01d 3.18+0.12d 0.64+0.01d 2.11+0.06d  0.57+0.02d 1.54 +£0.04d 60

sl 2030 B (6 )le] zrlas )0 jlo e B g9 pas aljie 4 gt o 0 ailive By > 392y

The presence of similar letters in each column indicates no significant difference at the 5% statistical level.
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Table 6: Mean comparison of the interaction effect of planting density and planting date on qualitative traits (2022)

M Sed |y eSSl o Tl b s IS a Ly ls oS el
S Carotenoids Indigo carmine Indigo carmine Total Chlorophyll b Chlorophyll a Density Planting
Carotene (mg/g) Content %) Chlorophyll (mg/g) (mg/g) plants perm®  Date
Chlorophyll Ratic (g/m?) (mg/g)

0.18+0.0la  048+0.02a 398+0.15a  0.82+0.02a 2.60+0.15a  0.75+0.05a 1.85+0.10a 30 z ¢
020+0.0lab 0.45+0.02ab 591+0.22a 0.79+£0.02ab 2.52+0.12ab  0.72+0.04ab 1.80 + 0.08ab 40 £ %
022+0.0lbc 043+0.0lbc 4.73+0.18ab 0.75+£0.02bc  2.45+0.10bc  0.69 +0.03bc 1.76 + 0.07bc 50 > &

024+0.0lc 040+0.0lc 3.67+0.14b 0.70+0.0lc  235+0.09c  0.65+0.03c  1.70 +0.06¢c 60 e

0.19+0.0la 045+002a 3.71+0.14a  0.78+0.02a 248+0.13a  0.70£0.04a  1.78+0.09a 30 o
021+0.0lab 043+0.0lab 541+0.20a 0.74+£0.02ab 2.42+0.10ab 0.68 £0.03ab 1.74 +0.07ab 40 = %
023+0.0lbc  040+0.0lbc 442+0.17ab 0.71£0.01bc  2.33+£0.09bc  0.64 £0.03bc  1.69 + 0.06bc 50 \:: {L‘

0.25+0.0lc  038+00lc 3.42+0.13b  0.68+0.0lc 223+0.07c  0.60+0.02c  1.63+0.05¢c 60 -

021+£0.0la 042+0.0la 293+£0.1la 0.70+0.02a 2.30+0.12a  0.65+0.04a 1.65+0.08a 30
023+0.0lab 040+0.0lab 4.70+0.18a 0.67+0.02ab 2.22+0.10ab 0.62+0.03ab 1.60 + 0.07ab 40 § \%L
025+0.01bc  0.37+0.0lbc 3.62+0.14ab 0.64+£0.01bc 2.14+£0.09bc 0.59 +0.03bc 1.55+ 0.06bc 50 s =

027+0.0lc  0.35+0.0lc 2.66+0.10b 0.60+0.0lc 2.03+0.07c  0.55+0.02c  1.48+0.05¢c 60

023+0.0la 038+00la 2.64+0.10a  0.65+0.02a 2.08+0.10a  0.58+0.03a  1.50+0.07a 30 -
025+0.0lab 0.36+0.0lab 4.32+0.16a 0.62+0.02ab 2.00+£0.08ab 0.55+0.02ab 1.45+ 0.06ab 40 % %
0.27+0.01bc  0.34+0.01bc  3.28+0.13ab  0.59+0.0lbc  1.92+0.07bc  0.52+0.02bc  1.40 = 0.05bc 50 ST

029+0.0lc  0.32+0.0lc 241+£0.09 0.56+0.0lc 1.83+0.06c  048+0.02c  1.35+0.04c 60

0.25+0.0la 035+0.0la 242+0.092a  0.60+0.02a 1.94+0.09a  0.52+0.03a  1.42+0.06a 30 -
0.27+0.01ab 0.33+0.0lab 3.99+0.15a 0.57+0.0lab 1.87+0.07ab 0.49+0.02ab 1.38 +0.05ab 40 Ex
029+0.0lbc  0.31+£0.0lbc 3.03+0.12ab 0.54+0.0lbc  1.77+£0.06bc  0.45+0.02bc  1.32 + 0.04bc 50 = 2
031+0.0lc  029+0.0lc 2.16+0.08b 0.51+0.0lc 1.68+0.04c  042+0.0Ic 1.26+0.03¢c 60

0.28+0.0la 032+00la 2.12+008  0.55+0.0la 1.83+0.07a 0.48+0.02a 1.35+0.05a 30 >
0.30+0.0lab 0.30+0.0lab 3.66+0.14a 0.52+0.0lab 1.75+0.06ab 0.45+0.02ab 1.30 + 0.04ab 40 & 3
0.32+0.01bc  0.28+0.01bc  2.72+0.10ab  0.49+0.0lbc  1.66+0.04bc  0.41 £0.01bc 1.25+0.03bc 50 Z 3
034+0.0lc  026+00lc 2.01+0.08b 046=+0.0lc 1.58+0.04c  0.38+0.0lc 1.20+0.03¢c 60 ~

R IRV 6)LJCJ4...)).> S gre BT 0929 pac dljie 4y e o )0 alie By > 092

The presence of similar letters in each column indicates no significant difference at the 5% statistical level.
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Table 7: Mean comparison of the interaction effect of planting density and planting date on qualitative traits (2023)

JB9 )5 4 089555 S Laaess S N)ls - ‘5.‘5:” oeo)lS s 8B b Jds,ls a byl 15 @)b
Carotene Carotenoids Indigo carmine Indigo carmine Total Chlorophyll b Chlorophyll a Density Wls
Chlorophyll Ratio (mg/g) Content (%) Chlorophyll (mg/g) (mg/g) plants per m*) Planting
(gm?) (mg/g) Date
0.17+0.01a 0.52 +0.02a 425+0.16a 0.85+0.02a 2.68+0.13a  0.78+0.04a  1.90+0.09a 30 z
0.19£0.01ab 0.49+0.02ab  6.15+0.23a 0.82+0.02ab 2.60+0.11ab 0.75+0.03ab  1.85+ 0.08ab 40 2 é
0.21£0.01bc 0.46+£0.0lbc  4.92+0.19ab  0.78+0.02bc  2.52+0.10bc  0.72+0.03bc  1.80 + 0.07bc 50 e
0.23+£0.01c 0.43+0.01c 3.86 +0.15b 0.73+0.01¢c 2424+0.09c  0.68+0.03¢c 1.74 £ 0.06¢ 60 e
0.18+0.01a 0.49 +0.02a 3.84+0.15a 0.80 +0.02a 2.54+0.11a  0.72+0.03a 1.82+£0.08a 30 o f
0.20+0.01ab 0.46+0.0lab  5.62+0.21a 0.77+0.02ab  2.48+0.10ab 0.70+0.03ab  1.78 £ 0.07ab 40 k= Jl;
0.22£0.01bc 0.43£0.0lbc  4.62+0.18ab  0.74+0.01bc  2.40+0.09bc  0.67+£0.03bc  1.73 + 0.06bc 50 :_: %
0.24+0.01c 0.40+0.01c 3.62 +0.14b 0.70 £0.01c 230+£0.07c  0.63£0.02¢ 1.67+0.05¢ 60 -~
0.20£0.01a 0.45+0.01a 3.06 +0.12a 0.73 £ 0.02a 235+0.10a  0.67+0.03a 1.68+0.07a 30
0.22+£0.01ab 0.42+0.0lab  4.90+0.19a 0.70+£0.02ab  2.27+0.08ab  0.64+0.02ab  1.63 +0.06ab 40 § \%‘
0.24 £0.01bc 0.39+0.0lbc  3.82£0.15ab  0.67+0.0lbc  2.19+0.07bc  0.61 £0.02bc  1.58 + 0.05bc 50 5 z
0.26 £0.01c 0.36 £0.01c 2.86+0.11b 0.63+0.01c 2.08+0.06c  0.57+0.02¢ 1.51+0.04c 60
0.22+0.01a 0.41+0.01a 2.77+0.11a 0.68 +0.02a 2.15+0.08a  0.60+£0.02a  1.55+0.06a 30 o
0.24 £0.01ab 0.38+£0.0lab  4.52+0.17a 0.65+0.02ab  2.07£0.07ab  0.57+0.02ab  1.50 = 0.05ab 40 (§D %
0.26 £0.01bc 0.35+£0.0lbc  3.48+0.13ab  0.62+0.0lbc  1.99+0.06bc 0.54+0.02bc  1.45 + 0.04bc 50 S
0.28 £0.01c 0.33+0.01¢c 2.61+0.10b 0.59+0.01¢c 1.90+0.04c  0.50+0.0lc 1.40 £0.03¢ 60
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The presence of similar letters in each column indicates no significant difference at the 5% statistical level.
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Table 8: Correlation (Pearson coefficient) between qualitative attributes

4 2598 KR PRI,
o255 loess)lS R oeolS s
Carotene
Chlorophyll
Ratio

b ds,ls a Juby)ls olae
Carotenoids  Indigo carmine Indigo carmine Chlorophyll b Chlorophyll a Attributes

Chl hyll
Content OFOPRY

a Juby)ls
Chlorophyll a
bl
Chlorophyll b
O
Total Chlorophyll
Owe)lS sanl
Indigo carmine

1 0.98%**
1 0.99%x* 0.99%x*

1 0.94** 0.93%x* 0.95%*

owe)lS sSeanl lyime
1 0.91%** 0.86** 0.85%* 0.87** Indigo carmine
Content
laadss)ls

1 0.83%* 0.92% 0.95% 0.94 % 0.96%** .
Carotenoids

J0,lS 4w IS o
1 -0.78%* -0.68%* -0.75%* -0.81%* -0.80%* -0.82%* Carotene
Chlorophyll Ratio
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