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Abstracts
Background and objectives: Madder (Rubia tinctorum L.) is a perennial and herbaceous
plant. Madder's root is known as its most important economic part, and it is rich in
anthraquinone derivatives. Madder is a plant with medicinal, nutritional, color and health
benefits. Recent pharmaceutical studies have shown that the anthraquinones of the madder root
have selective inhibitory effects on cancer cells. In this research, according to the water and soil
limitations of the tested area, the use of biodegradable calcium carbonate and phosphate
fertilizers to produce madder was suggested. So, considering climate change and water
shortage as severe risks to sustainable development, the cheapness of madder production and its
multiple uses, the planting and production of this plant are mainly used in semi-arid areas.
Methodology: In field conditions in Ardakan, Yazd, this research was tested in factorial form in
a randomized complete block design with two factors and four replications. Calcium carbonate
agent was supplied at five levels of 0, 20, 50, 100 and 150 kg h™1 and phosphate from triple
superphosphate fertilizer at four levels of 0, 50, 100 and 150 kg h™1. In each four-by-four-meter
plot, four rows of seeds were planted, two side rows and two plants from the sides of the
remaining lines were removed as marginal effects, and the rest of the plants were considered
statistical populations. Irrigation water's electrical conductivity was measured during the growth
period, and its average was 11.6 ds m 2. The plots were irrigated immediately after planting the
seeds. Four days later, irrigation was done again. In the fall of the second and third years, soil
was again given to the plants along with the desired treatments. Madder plants were harvested in
the third winter year. Root fresh-weight biomass was weighed immediately after harvesting.
After drying the roots at 104 °C, the dry weight of the roots was measured. A spectrophotometer
also determined the content of anthraquinone and hydrogen peroxide in the roots.
Results: The results of bivariate analysis of variance of the data showed that the simple and
reciprocal effect of different calcium carbonate and phosphate treatments on functional
indicators of biomass, root fresh weight, root dry weight, anthraquinone content and root
hydrogen peroxide in this research was significant at P> 0.05. The comparison of averages
showed that the highest values of biomass, root wet weight, root dry weight, anthraquinone and
hydrogen peroxide were observed in the combined treatment of 20 kg h-1 of calcium carbonate
and 100 kg h-1 of phosphate, compared to the control. The lowest value of performance
indicators investigated in this research was observed in the combined treatment of 150 kg h-1 of
calcium carbonate and 150 kg h-1 of phosphate, compared to the control. The simultaneous use
of these two fertilizers had a complementary effect on each other. This was because the
application of 20 and 50 kg h-lof calcium carbonate and 100kg h-1 of phosphate had an
increasing impact on the anthraquinone and hydrogen peroxide content in madder roots. The
comparison of the averages showed that in the combined treatment of 20 kg h-1of calcium
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carbonate and 100 kg h-1of phosphate, compared to the control, the highest wet weight of the
root increased by 71%, the highest dry weight of the root increased by 91%, and the highest
anthraquinone content increased by 142% was observed. The comparison of the averages
showed that in the combined treatment of 50 kg h-1 of calcium carbonate and 100 kg h-1 of
phosphate, compared to the control, the highest biomass index was observed, with an increase
of 79%.

Conclusion: The results showed that the functional indices of root fresh weight, root dry
weight, anthraquinone content and biomass of madder increased significantly under the
combined treatment of 20 kg h-1 of calcium carbonate and 100 kg h-1 of phosphate. It is
suggested that madder be cultivated using calcium carbonate and phosphate fertilizers to
increase the anthraquinone compounds under the influence of biodegradable and inexpensive
external environmental stimuli in regions similar to the climatic conditions studied in this
research.

Keywords: Secondary compounds, triple superphosphate, performance indicators, calcium
carbonate, medicinal plant.
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Figure 1. Graphical summary of additive effect of calcium carbonate and phosphate on anthraquinone content
of Rubia tinctorum roots
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Table 1. Some chemical properties of experimental soil

HCO3 cr K* Na* ca?* Mg?* Fe?* HPO.> H N
(meqL?) (meqL?) (meqL?) (meqL?) (meqlL?) (meql?) (meql?) (meqlL-) P (%)
1.21 28.75 0.07 23.78 27.59 11.63 1.48 24.89 7.60 0.07
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Table 2. ANOVA of calcium carbonate and phosphate effects on Rubia tinctorum yield parameters

Root
S.O.V. d.f. Biomass ROOt.frESh ROOt. dry anthraquinone Root H202
weight weigh content
Repetition 19 1954.083 516.146 6.326 185563.156 17.423
Calcium 4 1657.888** 431.600** 5.329** 134400.724** 10.386**
carbonate (C)
Phosphate (P) 3 253.568** 72.814** 0.812** 14846.314** 1.699**
CxP 12 42.627* 11.733** 0.185* 36316.119** 5.338**
Experimental 60 105.942 19.915 0.437 3573.574 0.941
error
C.V. (%) 0.325 0.366 0.402 0.265 0.199

*and **: significant at 5 and 1% probability levels, respectively.
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Table 3. Means comparison of calcium carbonate effects on Rubia tinctorum yield parameters

. Root
c(;fl;(gﬁer\rt]e Biomass Root fresh weight Root dry weigh anthraquinone Root H202
(kg hat) (kg) (kg) (kg) content pmol g (FW)?!
mg g (DW)*
0 13.70° 6.52° 0.63° 182.95¢ 2.55¢
20 15.902 7.132 0.772 227.69? 2.878
50 17.822 7.078 0.762 206.17 2.66°
100 11.91¢ 5.58 0.53¢ 197.97¢ 2.14¢
150 6.454 2.07 0.234 107.81° 1.87¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 4. Means comparison of phosphate effects on Rubia tinctorum yield parameters

Phosphate Biomass Root fresh weight Root dry weigh Root Root H202
(kg ha't) (kg) (kg) (kg) anthraquinone umol g (FW)1
content
mg g (DW)*
0 13.70° 6.52° 0.63° 161.68° 2.55¢
50 15.65°¢ 7.95°¢ 0.73¢ 192.113b 2.622
100 16.112 8.232 0.782 196.982 2.49°
150 15.93P 8.11° 0.76° 187.29b 2.29¢

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Figure 3. Means comparison of phosphate x calcium carbonate interaction on Rubia tinctorum
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Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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The same letters indicate no significant difference.
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The same letters indicate no significant difference.
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