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Table 1. Physical and chemical properties of studied soil

. Sand Silt Clay Equivalent calcium Organic EC P K
Soil texture b b pH
(%) carbonate carbon ds.m-t mg kgt
Clay Loam 42 30 28 19 0.78 7.82 2.56 12.48 137
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Table 2. ANOVA of some morphological characteristics and content of potassium and phosphorus in Withania
coagulans affected by humic acid and titanium dioxide nanoparticles treatments

Mean Square

S.0.V. d.f. Number of lateral
Fresh weight  Dry weight branches Height P K
Humic acid (H) 2 103.24"™ 12.12" 1ms 118.31™  40.65" 0.002"
Titanium dioxide 2 680.36™ 64.64™ 23" 354.09™  3.99"  0.0004"
nanoparticles (T)
H*T 4 0.96" 0.19" 0.0001" 0.108" 0.74™ 0.0001"*
Experimental 18 2.76 0.22 0.33 0.86 0.01 0.00001
error
C.V. (%) - 6.31 5.37 19.98 5.09 0.45 5.87

n.s., *, and **: non-significant, significant at 5%, and 1% probability levels, respectively.
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Table 3. Means comparison of some morphological characteristics and content of potassium and phosphorus in

Pl demSl53 D3 SU 5 Koo sp ol b5l

Withania coagulans affected by humic acid and titanium dioxide nanoparticles treatments

Titanium dioxide nanoparticles (mg.I"%)

Parameters Humic acid (g.kg™)
0 45 90

0 14.83f 22.63d 30.93b

Fresh weight (g) 10 17.92e 27.76¢ 35.50a
30 19.96ed 30.03bc 38.06a
0 5.02f 7.52e 10.42bc

Dry weight (g) 10 5.52f 8.77d 11.19b
30 7.35e 10.14c 12.35a

0 2c 2.66abc 3abc

Number of lateral 10 2.33bc 3abc 3.33ab

branches

30 2.66abc 3.33ab 3.66a

0 10.50f 11.23f 21.40c

Height (cm) 10 14.70e 15.36e 25.86b

30 17.43d 18.30d 20.03a

0 19.67h 19.999 20.35e

K (ug.g?h 10 20.10fg 20.25ef 21.12d

30 22.58c 24.26b 24.87a

0 0.042d 0.043d 0.052c

P (ug.g?h) 10 0.054c 0.056¢ 0.057c

30 0.064b 0.068b 0.088a

Similar letters in each column indicate the absence of significant differences between treatments (Duncan test).
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Table 4. ANOVA of some physiological characteristics in Withania coagulans affected by humic acid and
titanium dioxide nanoparticles treatments

Mean Square

S.0.V. d.f. Total
Total phenols - Chlorophyll fluorescence Proline Relative water content
flavonoids
Humic acid (H) 2 177.89** 6.76** 6.15** 0.32** 20.64**
Titanium
dioxide 2 3.0+ 2.94% 0.30% 0.20% 0.67%*
nanoparticles
(M
H*T 4 0.08** 0.01** 0.05** 0.001** 0.06**
Experimental 18 0.002 0.001 0.01 0.0001 0.003
error
C.V. (%) - 0.1 1.20 3.64 2.55 0.07

**: significant at 1% probability level.
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Table 5. Means comparison of some physiological characteristics in Withania coagulans affected by humic acid
and titanium dioxide nanoparticles treatments

Titanium dioxide nanoparticles (mg.I%)

Parameters Humic acid (g.kg™)
0 45 90
0 48.59c¢ 49.35b 49.77a
Total phenols
(mg gallic acid.g* fresh 10 44.08f 45.23e 45.37d
weight) .
30 39.88i 40.38h 40.77g
. 0 2.77c 3.56b 3.84a
Total flavonoids
(mg crocin.g? fresh 10 1.55h 2.32¢ 2.69d
weight) 30 1.04i 1.98g 2.13f
0 0.78e 0.63f 0.59f
Chlorophyll 10 1.64c 1.55¢ 1.32d
fluorescence
30 2.67a 2.17b 2.12b
0 0.65¢c 0.68b 0.72a
Proline
(umol.g-* fresh weight) 10 0.41f 0.47e 0.54d
30 0.27i 0.30h 0.35¢
0 72.93i 73.24h 73.349
Relative water content 10 73.49f 73.66e 74.28d
30 75.85¢ 76.03b 76.28a

Similar letters in each column indicate the absence of significant differences between treatments (Duncan test).
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Abstract

Withania coagulans (Stocks) Dunal from solanaceae family is a multi-purpose species that is
distributed in Iran only in limited areas of natural habitats in Sistan and Baluchestan province.
Different organs of this plant have antioxidant, antimicrobial, and anti-tumor biological effects.
To investigate the effects of humic acid and titanium dioxide nanoparticles on the amount of
phytochemical compounds and some growth parameters of this species, a pot factorial
experiment was performed based on a randomized complete design with three replications.
Experimental factors included humic acid at four levels (HO: 0, H1: 10, and H2: 30 g.kg™ soil)
and titanium dioxide nanoparticles at three levels (T0: 0, T1: 45, and T2: 90 mg.I). The results
showed that the H2T2 treatment increased fresh weight, dry weight, number of lateral branches,
height, phosphorus, potassium, and relative water content compared to the control, significantly.
Increasing humic acid up to 30 g decreased the phenols content from 48.59 in HO to 39.88 mg.g°
! fresh weight in H2. In T2, the phenols content increased by 2.37% compared to TO, which had
a significant difference with the other treatments. Also, a similar trend was observed for the
parameters like total flavonoids and proline. But increasing humic acid up to 30 g increased the
amount of chlorophyll fluorescence by 70.79% compared to the control. Overall, the results
indicated that the interaction of humic acid and titanium dioxide nanoparticles could improve
the growth and plant yield parameters.

Keywords: Humic acid, Withania coagulans (Stocks) Dunal, phenolic content, yield, titanium
dioxide.



