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Table 1. Analysis of variance of in vitro screening of metabolic activity of Pseudomonas species
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Figure 2. lin vitro screening of metabolic activity of Pseudomonas species (PP= Pseudomonas putida and
Pseudomonas fluorescens). Columns having at least one similar letter do not show a significant difference
at P<0.05 using Duncan's test
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Table 2. Analysis of variance of seed biopriming on germination characteristics
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Sl dops Sl Sepe azady; Jsb azdlle Job azasy, SaS(yyy axalle SS (s ezl 4k Job el azelS 4 i aPls Plel -l el
Germination  Germination Radicle Plumule Radicle Plumule Seed vigor Seedling vigor  a-amylase activity
percentage rate length length dry weight dry weight Index Index
Treatment 10 174.80"" 0.23053™ 5.996™ 1.1920™ 1.401e-6™ 2.176e-5" 186305" 0.3077" 0.008104™
Error 33 23.58 0.01586 0.434 0.3077 4.440e-8 3.560e-7 10998 0.0049 0.000013
CV (%) 5.92 5.14 9.06 10.33 11.61 9.39 10.03 10.25 5.79
Aoy gy Jleizl mhaw =7 tas 0 S sl mdaw F A
a™, P<0.01; %, P<0.05
4l Olho p 5dy (gows ) o oy T (il duaglio - Y Jgu
Table 3. Means comparison of seed biopriming on germination characteristics
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i i Germination ~ Germination - i ’ . ' ' . axalS a-amylase
Bacterial strain percentage Rate Radicle length  Plumule Radicle Plumule Seed vigor Seedlimavi activity
i i eedling vigor
%) (seed/day) (cm) Length (cm) dry weight (g) dry weight (g) Index Index (Mmol/ml)
Control 77.50 be 219c 542c 4.07b 0.0012 bc 0.0026 ¢ 787.07 bc 0.301c 0.0190 cd
Pseudomonas putida
PP-1 9150 a 2.66 a 8.40a 597a 0.0023 a 0.0084 a 1315.62 a 0.976 a 0.1070 a
PP -2 90.75a 2.68 a 8.32a 5.82a 0.0025 a 0.0080 a 1285.45a 0.957 a 0.1087 a
PP -3 76.75 bc 2.47 ab 7.05 bc 5.17 ab 0.0013 bc 0.0064 b 938.02b 0.598 b 0.0252 bc
PP -4 75.00c 213c 7.05 be 5.34 ab 0.0013 bc 0.0067 b 929.65 b 0.605 b 0.0180d
PP -5 88.00 a 2.67a 8.30 ab 592a 0.0023 a 0.0084 a 1252.92 a 0.942 a 0.1085 a
PP -6 76.00 c 2.45 ab 6.87c 5.12 ab 0.0016 b 0.0068 b 910.42 bc 0.641b 0.0172d
Pseudomonas fluorescens
PF -1 87.25a 2.66 a 8.27 ab 6.10a 0.0025 a 0.0082 a 125045 a 0.936 a 0.1110a
PF -2 86.00 ab 2.63a 8.42a 5.25 ab 0.0024 a 0.0081 a 1180.92 a 0.908 a 0.1080 a
PF -3 76.50 ¢ 2.28 bc 6.87 c 5.25 ab 0.0011 ¢ 0.0034 ¢ 927.57b 0.354 ¢ 0.0285b
PF -4 76.75 bc 2.05¢c 4.95¢ 4.37b 0.0011 ¢ 0.0026 ¢ 716.95 ¢ 0.285 ¢ 0.0272 b
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* Treatments at each column having at least one similar letter do not show a significant difference at P<0.05 using ODuncan's test.
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Figure 2. The effect of IAA production by Pseudomonas strains on the percentage and rate of seed
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Figure 3. The effect of IAA production by Pseudomonas strains on the seedling length and dry weight
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Fig 5. Clustering using UPGMA algorithms for tested bacterial strains based on studied characteristics.
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Abstract

Plant growth promoting rhizobacteria are a group of bacteria that can actively colonize plant roots
and can stimulate plant growth. This study was executed to evaluate of four strains of Pseudomonas
fluorescens Migula (PF1-4) and six strains of Pseudomonas putida (Trevisan) Migula (PP 1-6) on seed
germination characteristics including germination percentage, germination rate, root and shoot length
and dry weight, seed and seedling vigor index and a-amylase activity of pot marigold (Calendula
officinalis L.). In vitro production of siderophore, hydrogen cyanide, indole-acetic acid (IAA) and
volatile and non-volatile metabolites of bacteria were also determined. The bacterial suspension (10°
CFU/mI) was used to inoculate the seeds under aseptic conditions. Results revealed that the metabolites
concentrations were significantly different between bacterial strains. Different strains of rhizobacteria
had also variable effects on germination parameters and the effect of plant-rhizobacteria interactions on
germination characteristics could be positive or neutral. Maximum effects of bacterial strains were
recorded for PP-1, PP-2, PP-5, PF-1 and PF-2 strains. The effects of bacterial strains on studied
characteristics were significantly correlated with IAA production by bacteria. As a conclusion, the role
of biopriming with growth promoting rhizobacteria on germination characteristics and seedling growth
were dependent on bacterial species and strains. These results also suggest that the amont of bacterial
IAA produced plays a major role in seed germination and may stimulate germination features.
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