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Table 1. Tragopogon spp. genotypes characteristics used in study

No Origin Genotype Genus- Species

1 Poland TRA 39 Tragopogon orientalist L.

2 Germany TRA 18 Tragopogon porriolius L. subsp. porriolius
3 Germany TRA 17 Tragopogon porriolius L.subsp. porrifolius
4 Italy TRAL6 Tragopogon porrifolius L.

5 France TRA9 Tragopogon porrifolius L.

6 Germany TRA28 Tragopogon pratensis L.

7 Italy TRA33 Tragopogon porrifolius L.

8 Germany TRA17 Tragopogon porrifolius L.

9 Austria TRA35 Tragopogon orientalis L.

10 Italy TRA25 Tragopogon porrifolius L.

11 Iran Kabudar Ahang Tragopogon sp.

12 Iran Eslamabad Gharb Tragopogon sp.

13 Iran Kermanshah Tragopogon sp

14 Iran Sanandagej Tragopogon sp.

15 Iran Hamadan Tragopogon sp.

S ol ks slagi 535wy lho 5 ool sl 5o (5 2, 0SS B 6,8 5 bl o5 1 Glils a5 - Jsas

Table 2. ANOVA of low irrigation and growth-promoting bacteria effects on inulin content and root traits of
different Tragopogon spp. genotypes

Source of Mean squares

variation °-F Root length  Rootvolume  Rootsurface  Root diameter  Root weight Inulin
Stress (S) 1 318.06™ 85.01" 137.59" 0.34™ 164.0" 8354.9™
Bacteria (B) 1 318.6™ 57.46™ 561.67" 5.95™ 125" 38.49"
Genotype (G) 14 35.30" 6.99" 106.37" 30.58™ 3.27" 42781.8™
SxB 1 129.20” 68.33" 115.41 7.717 413" 4.83™
GxS 14 1.27™ 035" 1.86" 0.31™ 1.83" 234.68"™
GxB 14 1.28™ 0.26" 1.33" 0.49™ 0.38™ 9.82"
SxGxB 14 1.28" 0.27" 1.17" 0.53™ 0.40™ 12.84"
Error 120 0.79 0.129 0.73 0.21 0.08 5.79
CV (%) - 7.07 4.06 2.65 5.36 5.27 4.99

ns, *, and **: non-significant, and significant at 5 and 1% probability levels, respectively.
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Table 3. Means comparison of low irrigation stress x growth-promoting bacteria x genotype interaction effects on length and root volume of
different Tragopogon spp. genotypes

Root volume (cm®) Root length (cm)
Genotype 100% FC 50% FC 100% FC 50% FC
Without Inoculation with Without Inoculation with Without Inoculation with Without Inoculation with

inoculation bacteria inoculation bacteria inoculation bacteria inoculation bacteria
1 8.0k™m 11.0% 11.12% 12.33% 6.83"° 9.30°" 9.63%9 9.63%9
2 45" 9.0 9.00™ 11.32% 5.05° 7.33%" 7.86" 7.63%
3 10.0"™ 14.12%¢ 14.00%¢ 14.00%° 7.23%° 9.26°" 9.50%9 9.53%9
4 7.33" 12.50°" 12.39% 13.17%9 6.03° 8.26"« 8.53%1 8.50"
5 9.0 15.00%° 15.00%¢ 15.66% 7.13" 9.53%9 9.70"¢ 9.63%9
6 8.3 13.33%¢ 13.33%¢ 14.33*¢ 6.51"° 9.36°" 9.63%9 9.50%9
7 8.0k™m 12.33 ¢ 12.21% 13.66°" 6.26™° 9.30°" 9.80%¢ 9.53%9
8 7.33™ 13.0°" 13.0°" 14.00%* 6.43™° 9.30°" 9.73"¢ 9.46°9
9 7.83" 14.66%° 14.67%¢ 15.33%¢ 6.40™° 9.63%9 9.80%¢ 9.63%9
10 9.5"™m 13.0°" 13.0°" 14.33*¢ 7.60" 9.46°" 9.76"¢ 8.46"
11 12557 14.33%¢ 14.33*¢ 17.00 8.46" 9.90%9 10.13%* 10.93
12 10.83%* 14.33%¢ 14.33*¢ 15.33*¢ 7.70" 10.03%° 10.01%*¢ 10.23*
13 10.33% 14.67%¢ 14.67%¢ 15.00%¢ 7.43" 9.66"¢ 9.86%¢ 9.82%¢
14 9.0 13.0°" 13.03°" 14.02%¢ 7.13%° 9.20°" 9.46°" 9.73""
15 13.0°" 16.66® 16.67%® 17.10° 8.76" 10.86% 10.98° 11.00%

* Field capacity

In each column, the means with at least one common letter are not significantly different at 5% probability level (Tukey test).
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Table 4. Means comparison of low irrigation stress x growth-promoting bacteria x genotype interaction effects on area and root diameter of different Tragopogon spp.

genotypes
Root area (cm?) Root diameter (mm)
Genotype 100% FC 50% FC 100% FC 50% FC
Without Inoculation with Without Inoculation with Without Inoculation with Without Inoculation with

inoculation bacteria inoculation bacteria inoculation bacteria inoculation bacteria
1 27.76" 33.13"P 31.19°" 33.43" 11.20*° 11.93° 11.20% 11.26%
2 26.03" 32.27" 31.60™" 3291 10.23"¢ 10.73"¢ 10.23"¢ 10.30""
3 32.49%° 35.87°" 34.03™¢ 37.55%¢ 9.83" 9.83" 9.83" 9.60°7
4 30.67" 36.36°" 35.16"™ 36.87%" 9.73" 9.83" 9.83" 9.46%*
5 29.73% 35.20"% 33.10'° 35.117% 8.77"™° 9.20"™" 8.77"° 8.53"°
6 26.49" 32.67¢" 29.80°Y 32,60 7.53%4 7.90'° 7.53™ 7.63"°
7 25.52" 31.69™ 30.16% 42.25%Y 8.73"° 9.66°" 8.73" 8.50"°
8 28.69"" 35.03"" 33.72°" 35.67™ 7.38%¢ 7.37°¢ 7.37°4 7.33%¢
9 22.62" 28.10"" 25.95"% 27.76"% 483" 4.76" 4.83"° 456"
10 30.44"Y 34.25%™ 32.92'° 32.33' 6.937 7.36%¢ 6.93° 6.23%
11 32.9% 3553 35.79% 36.57™ 7.80"P 8.73"™° 7.76™ 8.10'°
12 28.83"" 33,52 33.52" 33.85'° 7.54°9 7.86'° 7.55™ 7.70™
13 25.86" 30.13% 27.88™ 30.06%" 8.77%° 9.11% 8.77"° 8.63™
14 32,717 37.63*¢ 36.25%9 38.46° 7.33%4 7.50°¢ 7.33%4 8.00'P
15 33.49"° 38.86° 35.55%] 38.10% 10.88%¢ 10.80%¢ 10.13"¢ 10.20"¢

* Field capacity
In each column, the means with at least one common letter are not significantly different at 5% probability level (Tukey test).
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Table 5. Means comparison of low irrigation stress x growth-promoting bacteria x genotype interaction effects on weight and root inulin content of different
Tragopogon spp. genotypes

Root weight (cm®) Inulin (mg/100g)
Genotype 100% FC 50% FC 100% FC 50% FC
Without Inoculation with Without Inoculation with Without Inoculation with Without Inoculation with

inoculation bacteria inoculation bacteria inoculation bacteria inoculation bacteria
1 6.03°" 6.93"* 4,234 5.24"k 30.46" 31.93% 25.80 24.83"
2 4,53 4,58 3.57°¢ 4.13°" 54.16'* 54,50 20.96"* 20.10 "
3 5.16"' 5.33™ 4.66"° 5.10" 62.23" 63.11%9 42.63™° 4476
4 6.02¢ 6.10% 3.73"" 453 81.10° 82.17" 54.26" 56.269*
5 6.27°9 6.67"¢ 4,55 4.10°" 33.13%° 36.00°" 2517 28.83"™
6 6.60"" 6.60"" 4,95 4.20'° 42.63™° 42.67™° 31. 84% 35.18%°
7 6.00"" 6.80"* 3.57%7 4.30" 38.28™ 39.51"° 27.16"" 2717V
8 6.33°" 6.33°f 3.20" 45777 51.97! 53.83"% 27.40"" 29.13"™
9 7.23% 6.84"° 3.47%7 5.23"k 28.06"" 27.00"" 17.90* 27.27™"
10 7.16% 7.17%* 44777 5.20" 42.73™° 44.07™° 29.24™ 21.80%
11 7.26% 7.47° 5.27¢ 5.99¢ 94.00% 96.30° 81.13" 83.09"
12 6.32°" 6.50"" 4.00°" 5.97¢ 62.43°" 63.17%9 54,63" 56.269%
13 6.63°" 6.76"* 4.20" 5.07° 51.83! 54,60 49,274 51.27¢
14 6.36°" 6.53" 4.60"° 4.3g" 77.55% 69.30°° 63.06"¢ 65.98"
15 6.93"¢ 7.03%¢ 5.00° 5.90™ 69.86% 71.17% 69.86% 65.11%

* Field capacity
In each column, the means with at least one common letter are not significantly different at 5% probability level (Tukey test).
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Abstract

Tragopogon spp. has many medicinal properties in addition to its edible consumption due to
its many useful compounds. One of these identified compounds is inulin, which is present in the
roots of this plant. To investigate the effects of low irrigation stress and growth-promoting
rhizobacteria (Bacillus subtilis) on inulin content and root morphological traits in some
genotypes of Tragopogon spp., a factorial experiment with three factors in a completely
randomized design with three replications was conducted in the research greenhouse of Bu Ali
Sina University in 2020. The factors included irrigation at two levels of without stress (100% of
field capacity) and low irrigation stress (50% of field capacity) as the first factor, genotype at 15
levels (different genotypes of Tragopogon spp) as the second factor, and plant growth-
enhancing rhizobacteria (PGPR) at two levels of inoculation with B. subtilis and without
inoculation as the third factor. Length, area, volume, diameter, weight, and inulin content of the
plant roots were measured. The results showed that the irrigation x genotype x bacteria
interaction effect was significant on all studied traits. Low irrigation stress increased length,
area, and volume of the plant roots in most genotypes, but decreased root weight and inulin
content. Inoculation with B. subtilis affected genotypes differently. Iranian genotype No. 11
(Kaboudar Ahang) had the highest inulin content at different stress and B. subtilis levels,
followed by Italian genotype No. 4 at both B. subtilis levels under non-stress conditions.
Overall, stress reduced inulin content of the plant roots, but the effect of inoculation with B.
subtilis depended on the genotype.

Keywords: Low irrigation stress, Tragopogon spp., plant growth-promoting rhizobacteria,
inulin.



