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Abstract

Background and objectives: Auxin and nano-humic acid are among the vital compounds for
improving the growth and performance of plants, especially medicinal plants. Auxins are plant
hormones that play a role in plant growth and development processes, including rooting, stem
elongation, and regulating responses to environmental conditions. These hormones help regulate
hormonal balance in plants and can help increase the quality and quantity of plant products.
Nano-humic acid is also an organic compound that is obtained from the decomposition of
organic matter in the soil and, due to its nano-sized dimensions, has better absorption capacity
in plants. This compound helps improve soil properties, increase water retention capacity,
facilitate nutrient absorption, and strengthen the plant's defense system. The use of nano-humic
acid in combination with auxin can have positive effects on the growth and quality of medicinal
plants, including increasing the content of active pharmaceutical ingredients. Therefore, this
study investigated the effect of auxin hormone and nano-humic acid on the physiological and
morphological characteristics of the medicinal plant Valerian.
Methodology: The treatments included different concentrations of auxin (0, 15, 30, and 45
ppm) and different concentrations of nano-humic acid (2, 4, and 6 g/l). Both treatments were
applied as a foliar spray. This study was conducted in two years as a split-plot in a randomized
block design. The dry weight of roots and shoots, and the content of auxin, cytokinin, and
carbohydrates in roots and shoots were measured.
Results: In this study, the effect of auxin hormone and nano-humic acid on the physiological
and morphological characteristics of the medicinal plant Valerian was investigated. The results
showed that the application of auxin at concentrations of 30 and 45 ppm significantly increased
the dry weight of leaves, so that in the first year, foliar spraying of auxin at a concentration of
30 ppm increased the dry weight of leaves by 15.1%, and in the second year, this increase
reached 40%. Furthermore, in nano-humic acid treatments, foliar spraying at a concentration of
6 g/L significantly increased the dry weight of leaves, and it increased by 12.8% compared to
not using nano-humic acid. The effect of auxin hormone also increased the chlorophyll content
index, so that in the treatment with a concentration of 30 ppm, this index increased by 13.9%. In
addition, the use of nano-humic acid at a concentration of 6 g/L also increased the chlorophyll
index of leaves by 8%. Regarding root growth, the application of auxin, especially at
concentrations of 30 and 45 ppm, increased the dry weight of roots by 33 to 39%, and nano-
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humic acid at a concentration of 6 g/L increased the dry weight of roots by 19.1%. Moreover,
both auxin and nano-humic acid treatments increased the content of soluble sugars in leaves and
roots, by 21.7% in the case of nano-humic treatment and by 14.6% in the case of auxin
treatment.

Conclusion: In general, the results of this study showed that both auxin and nano-humic acid
compounds, by affecting the hormonal and metabolic processes of the plant, can significantly
enhance the growth and yield of medicinal plants such as valerian and increase the indices of
chlorophyll, soluble sugars, and root growth. Both auxin and nano-humic acid treatments
enhance leaf and root growth and increase the yield of the medicinal plant valerian by
increasing photosynthetic capacity, cytokinin content, and plant source power.
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Table 1. ANOVA of nano-humic acid and auxin effects on some Valeriana officinalis traits

Leaf Leaf Root Root Root Root Leaf Lea_f . Shoot/roo
Chlorophyl sugar - - . cytokini t sugar
S.0.V. d.f. dry . sugar dry auxin cytokinin auxin
. | index . conten n content
weight content weight content content content .
t content ratio
Year (L) 1 21 0.327 18375  3643° 0113 81586  60.167 113753  7.482 0.05
RepetitonxL 4 2.791" 0.677 7624 297" 0975 20965 214109 9752 22.804 0.327
Awin () 21808" 4o oo 74 BL34 . 441155 12353187 9567057 427008 o oo
LxA 3 3473 4747 9.228 0658 0113 52326 142871  37.138 18398 0.865
EXpirr'r?rema' 12 0856 2.962 21258 0727 041 21702  129.404 106987  11.963 0.392
Nzrc“i’ dh(LI’Bn)“C 3 1091 o sar 165732 guese goarr 1323250 4sa71 220388 1gp082 0827
178.247"
LxB 3 1806 3.919 20532 1562 0287 78373  205.07 < 30.104 0.212
AxB 9 1567 3.968 51486 1852 0252 15699  61.873  77.244° 22213 0593
LxAxB 9 0828 1.243 4788 1214 0305 25484 134604 112985 45617 0.541
EXpirr'rrgf”ta' 48 1033 2.961 33327 1421 0484  37.419 130031 36373  47.317 0.485
C.V. (%) 12.94 6.71 23.48 1509  7.87 7.77 6.91 49 6.36 25.11

“and ™": significant at 5 and 1% probability levels, respectively.

el b 8 Kis 55 eS| U il a e =Y S0
Table 2. Means comparison of auxin effects on Valeriana officinalis leaf dry weight

Year Auxin (ppm) Leaf dry weight (g)
0 6.625¢
1 15 7.983%
30 8.625%
45 8.783%
0 6.583¢
2 15 7.592¢
30 9.158?
45 7.500°

Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 3. Means comparison of nano-humic acid effects on Valeriana officinalis traits

Nenoumic - Leafdry - Chlorooiyl o G Rootdny  oon s coment (ng? conent (ng.°
FW) FW) FW) FW)
0 7.287° 25.05° 23.28° 7.396° 8.533° 77.05° 106.3°
2 7.75° 25.55P 24.10° 7.796° 8.833° 77.30° 107.9°
4 7.558P 24.95P 22.55P 7.662° 8.654° 78.35° 106.2°
6 8.8292 27.00% 28.412 8.7582 9.3422 82.132 112.22

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 auxin effects on Valeriana officinalis traits

Chloroohvll Root dr Root sugar Root auxin  Root cytokinin Leaf cytokinin ~ Shoot/root
Auxin (ppm) index(CpC):) weight (é/) content (mg.g* content (ng.g? content (ng.g! content (ng.g! sugar content
FW) FW) FW) FW) ratio
0 23.66° 6.471¢ 8.25° 72.5° 155.2° 101.9° 2.138¢
15 25.61° 7.508P 8.667" 79.292 164.72 109.32 2.658°
30 26.92 8.9542 9.446° 81.05% 171.92 110.32 3.2042
45 26.3% 8.679? 9.0 81.982 168.52 111.12 3.1

In each column, means with common letters are in the same statistical group at 5% probability level (Duncan test).
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Table 5. Means comparison of nano-humic acidxauxinxyear interaction on Valeriana officinalis leaf auxin

content

Year Auxin (ppm)

Nano humic (gL™?)

Leaf auxin content (ng.g* FW)

15

30

45

15

30

45

0

A N O O A NMNO O M MNOO MANOO®G A M OO MADNMNOO P N O O DN

6

111.0i
113.7M

114.9%
116.47
119.0¢
129.1b-d
114,797

131.0%¢
119.9¢7

138.8%
128.60-¢

138.9%
117.5%

126.8%F
123.7¢

142.32
110.5

112.9i

113.0
122.9¢"

113.6
121,07

127.3%¢
126.75F
119.3¢

138.9%
129.30-¢

119.3¢
123.9¢"
125.5¢h
125.7¢9
121.5¢1

Means with common letters are in the same statistical group at 5% probability level (Duncan test).
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