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Abstract

Indian ginseng (Withania somnifera) is a plant adapted to the climatic conditions of the southern regions
of Iran. One of the important methods to increase secondary metabolites in medicinal plants is hairy root
culture. Hairy roots are genetically stable and able to increase metabolites without using hormones. In
order to increase hair root production, three different strains of Agrobacterium rhizogenes (A4, Attc-
15834, R318) were used. The percentage of hair root formation induction was determined as 66% in A4
strain, 72% in Atcc-15834 strain and 83% in R318 strain. The growth pattern of the strains was drawn
and the peak growth of the strains was obtained in the fifth week. The doubling time of root hairs was
determined for the A4 strain on the fifth day, the Atcc-15834 strain on the ninth day, and the R318 strain
on the 20th day. The maximum biomass produced by strain A4 (4.29 g), Atcc-15834 (2.38 g) and R318
(1.35 g) was obtained. The results of analyzing the variance of wet and dry biomass weight of hairy roots
showed that there is a significant difference between the studied strains in terms of hairy root induction at
different times. The best strain for inducing the formation of hairy roots in Indian ginseng was determined
as strain A4.
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Table 2. The results of hairy root induction in the studied strains of Withania somnifera.

Average The percentage  Total number The total Number of
number of of hairy root of rooted number of days until root ]
roots per formation samples inoculated emergence Bacterial
sample induction samples strains
leaf leaf leaf leaf leaf
7.1° 66° 108 152 14-15 Ad
4.7v 72° gv 11° 15-16 Atcc-15834
3.7° 832 102 12° 16-18 R318
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Figure 1. Different stages of hairy root induction in Indian ginseng medicinal plant (Withania somnifera) A: Plant source used B: Shoot tip
culture C: explant source D: Cultured bacteria E: Single colony used for inoculation F: Leafs Inoculated with bacteria G: Control sample H:
Appeared hairy roots (A4 strain) I: Grown hairy roots (A4 strain) J: Cultivation of hairy roots (A4 strain) K: Appeared hairy roots (Atcc-
15834 strain) L: cultivation of hairy roots (Atcc- 15834 strain) M: Appeared hairy roots (R318 strain) N: Cultivation of hairy roots (R318
strain).
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Figure 2. Comparison of the growth rate based on the biomass accumulation of hairy roots in strains (A4, Atcc-15834, R318) in the
medicinal plant Withania somnifera. Data are shown as mean + standard error with 3 replicates.
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Figure 3. Comparison of growth rate based on dry biomass accumulation of hairy roots in strains (A4, Atcc-15834, R318) in medicinal plant
Withania somnifera. Data are shown as mean + standard error with 3 replicates.
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Table 3. The results of the analysis of variance of the study of the growth pattern of hairy roots resulting from the induction of strains (A4,
Atcc-15834, R318) in the medicinal plant Withania somnifera.

Fresh biomass weight Dry biomass weight Degrees of  Source of variation
freedom
3.40181™ 0.08189™ 5 Time
19.49236™ 0.3789™ 2 Strain
0.46373™ 0.01561" 10 StrainxTime
0.64837" 0.04536™ 34 Error
6.98 14.29 - Coefficient of
variation
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Figure 4. Comparison of the biomass of the strains (A4, Atcc-15834, R318) in the medicinal plant Withania somnifera in the studied times.
Data are shown as mean + standard error with 3 replicates.
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Figure 5. Comparison of the dry biomass of the strains (A4, Atcc-15834, R318) in the medicinal plant Withania somnifera in the studied
times. Data are shown as mean + standard error with 3 replicates.
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considered to be a non-transplanted plant. (marker size 100-3000 bp).
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