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Table 1. Some physicochemical properties of experimental soil

HCO, cr K* Na* ca* Mg? Fe* HPO,> N Clay Sand Silt
pH
meg.L* %
1.2 288 01 238 27.6 116 15 24.9 76 0.1 39 21 40

ool Slio 5 55 Ju s Slid 5w s peedS OGS 5 bl s =Y Joan

Table 2. ANOVA of calcium carbonate (cc) and triple superphosphate (tsp) effects on some traits of
Rubia tinctorum

Sources of df l?;?Ot Root lenath Tdortal Leaf Leaf Root Root Alizarin
variation ' Y Y ry catalase peroxidase catalase peroxidase content
weight weight
cc 4 1337 2073607 919"  0.00™ 0.00™" 0.00™" 0.00™" 7.49™"
tsp 3 027" 358607 2667 0007 0.00™" 0.00™" 0.0 0.36™"
ce X tsp 19 002 18.30° 017" 0.00™" 0.00” 0.00™" 0.00™" 032"
EXpi';'rr;‘f”ta' 6 0.0 8.09 0.00 0.00 0.00 0.00 0.00 0.00

***x ** and *: significant at probability levels of 0.001, 0.01, and 0.05, respectively.

PEYi'Y @‘W‘@JT cllad 5 S5 sl el b ou‘;-:ﬂ s Uil s ) s g_;i““““ﬁ 2 =Y Jsax
Mobﬁjg}ﬁjawxﬁmdu)wcﬁﬁwb”elﬁfj\.&...flx

Table 3. Pearson’s correlation coefficient to determine relationship between alizarin content and physiological
parameters and antioxidant activity of catalase and peroxidase of Rubia tinctorum under different triple
superphosphate and calcium carbonate treatments

Pearson's correlation

Alizarin content 1
RL 0.80™ 1
RDW 0.78™ 0.99™ 1
TDW 0.77" 0.96™ 0.95™ 1
Root CAT 0.82" 0.72" 0.72" 0.68" 1
Root POX -0.477 -0.03™ -0.03™ 0.03™ -0.42™
Leaf CAT 0.75™ 0.55™ 0.55™ 0.51" 0.89” 1
Leaf POX -0.64™ -0.22™ -0.22™ -0.16™ 63”7 -0.617 1

ns., **, and *: not significant, and significant at probability levels of 0.01 and 0.05, respectively.
RL: Root length, RDW: Root dry weight, TDW: Total dry weight, CAT: Catalase, POX: Peroxidase.
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Figure 1. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum root dry weight

Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Figure 2. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum root length

Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Figure 3. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum total dry weight

Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Figure 4. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum leaf catalase activity

Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Figure 5. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum root catalase activity

Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Figure 6. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum leaf peroxidase (POX) activity
Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Figure 7. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum root peroxidase (POX) activity
Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Figure 8. Means comparison of triple superphosphate (tsp) and calcium carbonate interaction effects on

Rubia tinctorum alizarin content
Means with at least one common letter are not significantly different at 5% probability level (Duncan test).
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Abstracts

Madder (Rubia tinctorum L.) is a herbaceous and perennial plant, which has bioactive
compounds with high medicinal and pigment potency. Local farmers believe that increasing soil
lime increases the color composition of this plant. To investigate the effects of calcium
carbonate and phosphorus fertilizer on some physiological parameters and root alizarin content
in madder, a field factorial experiment was conducted in a randomized complete block design
with four replications. Experimental treatments included calcium carbonate at five levels (0, 20,
50, 100, and 150 kg.ha™) and triple superphosphate at four levels (0, 50, 100, and 150 kg.ha™).
Means comparison showed that the highest root dry weight (an increase of 75% compared to
control), total plant dry weight (an increase of 58% compared to control), root alizarin content
(an increase of 78% compared to control), and root catalase activity were obtained with calcium
carbonate increase up to 20 kg.ha™ and triple superphosphate increase up to 100 kg.ha™. The
highest root length (an increase of 54% compared to control) and leaf catalase activity were
observed in the 50 kg.ha™ calcium carbonate and 100 kg.ha™ triple superphosphate treatment.
The highest leaf and root peroxidase activity was obtained in the treatment of 150 kg.ha™
calcium carbonate and 150 kg.ha™ triple superphosphate. Simultaneous application of these two
fertilizers had a complementary effect on each other, so that the 20 and 50 kg.ha™ calcium
carbonate application along with the 100 kg.ha™ triple superphosphate had an increasing effect
on the alizarin content of madder root. This method can be used for the future development of a
non-destructive tolerance test that shows madder increased response to calcium carbonate and
phosphorus fertilizer, to further produce madder root medicinal compounds as a targeted drug
for cancer treatment.

Keywords: Antioxidant enzymes, fertilizers, Rubia tinctorum L., growth indices,
medicinal-dye compounds.
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