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Effect of Pseudomonas fluorescence strains and humic acid on some morphological
and physiological characteristics of marshmallow (Altheae officinalis L.)
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ABSTRACT

In order to investigate the effect of plant growth promoting rhizo-bacteria (PGPRs) and humic acid on some
morphological and physiological characteristics of marshmallow (4/theae officinalis L.) a pot experiment was carried
out under greenhouse condition at Faculty of Agriculture, University of Birjand, in 2017. The experiment was
conducted using a complete randomized blocks design based on factorial arrangement with three replications. First
factor was seed inoculation with strains of Pseudomonas fluorescence bacteria at four levels (non- inoculation,
inoculation with strains 51, 79 and 163) and second factor was humic acid at four levels (0, 150, 300 and 450 mg/kg
soil). Results showed that Pseudomonas fluorescence strains and humic acid had significant effects on morphological
and physiological measured traits. The most effects of inoculation created by strain 163 of Pseudomonas fluorescenss
bacteria and it increased leaf dry weight, leaf area, leaf chlorophyll index, carotenoids and protoin leaf compare to
control. The result also showed that increasing of humic acid concentration up to 150 mg/kg of soil increased, leaf
area, leaf chlorophylls index, chlorophyll fluorescence index and protein leaf compare to control. Combination use of
Pseudomonas fluorescenss bacteria (strain 163) and humic acid (150 mg/kg soil) had the most effect on increasing of
leaf fresh weight, leaf area, chlorophyll a, chlorophyll b, total chlorophyll, carotenoids and phosphor leaf compare to
control. Due to these results, application of biological fertilizers containing Pseudomonas fluorescence and humic
acid can improve morphological and physiological characteristics of marshmallow.

Keywords: Bio-fertilizer, medicine plants, organic fertilizer, phosphat-solubilizing bacteria.
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Table 2. Characteristics of used organic fertilizer (Humic acid)

Type of organic fertilizer Acid humic Acid follic Potassium oxid
80 15 12
Humax 95-WSG %) %) %)
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Table 3. Results of variance analysis effect of Pseudomonas fluorescence strains and humic acid on morphological

characteristics of Althaea officinalis
Mean of squares

. Leaf Leaf SPAD Chlorophyll Leaf Leaf

Source of variation df . K . .
dry weight area index fluorescence index phosphorus protein

Block 2 3.890 ™ 5.958 ™ 3.940™ 2.856 ™ 2325™ 41.027
Pseudomonas 3 11.590° 993.890" 118.524™ 0.003™ 0.004™ 11.8317
Humic acid 3 36.7937 854.339™ 128.224™ 0.006™ 0.002"™ 25.019"
Pseudomonas*Humic acid 9 6.058" 208.685™" 15.199 ™ 6.934™ 0.004 ™ 3.039™

Error 30 1.642 4.542 8.324 3.651 8.611 2.063

CV (%) 2 16.13 2.46 7.66 17.83 5.10 7.53

oy ) g0 Jlisl o ;o o g Sgldd g o Jixe Dglas 99 (T 5 4y stk g % S
ns, *, **: Non-significantly difference, significantly difference at 5 and 1% of probability level, respectively.
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Table 4. Results of variance analysis effect of Pseudomonas fluorescence strains and humic acid effects on
morphological characteristics of Althaea officinalis

Mean of squares

Source of variation df Chlorophyll a Chlorophyll b Total chlorophyll Carotenoid
Block 2 0.002™ 2.003™ 0.001™ 0.003"
Pseudomonas 3 0.070” 0.007" 0.091” 0.069™
Humic acid 3 0.126™ 0.012" 0.137" 0.027"
Pseudomonas*Humic acid 9 0.012" 0.003" 0.017” 0.001"
Error 30 0.001 6.054 0.004 0.007
CV (%) 8.33 5.79 7.72 6.98

oy ) 50 Jlisl a0 lo g Sgldd g o sixe Dglad 955 G 5 4y # s

ns, *, **: Non-significantly difference, significantly difference at 5 and 1% of probability level, respectively.

(5 S5 5 (Sl iee ST » Seesed Sl g et 5l olizegs slalir bl Sl 5 Sike avalie B Jgor
Table 5. Mean comparison interaction effect of Pseudomonas fluorescence strains and humic acid on quantitive

characteristics for morphological and photochemical of Althaea officinalis.
Humic Total

Pseudomonas acid Leaf dry weight Lez;f area Chlorophylla  Chlorophyll b chlorophyll Carotenoid
Sfluoresces (mg/ke) (g/plant) (cm”/plant) (mg/g FW) (mg/g FW) (mg/g FW) (mg/g FW)
0 6.447 75.28" 03568 0.102" 0.7627 0.272"
No inoculation 150 7.07:‘ 78.30 gf" 0.403 ' 0.120 % 0.840 "¢ 0.293 ¢
300 7.95% 75.551 0428 0.104%" 0.831% 0.357°¢
450 6.91° 77.04 1 0.378 0.109 ¢ 0.762¢ 0.270"
0 6.81°¢ 80.94 '8 0402 0.111°% 0792 0.383 %
Strain 79 150 11.60:: 102.05" 0.704 ™ 0.180"° 1.1052 0.474bc
300 9.51 94.02°¢ 0.605 0.161°¢ 0.951 0.479"
450 647" 82.46 4" 0415 0.107 " 0.811° 0.407¢
0 6.72 % 77.67% 0.401" 0.1048" 0.7574 0.381%
Strain 163 150 12'01: 110.56* 0.723* 0.217* 1.113* 0.532°
300 10.69 " 93.90°¢ 0.655 " 0.181"° 1.162* 0.523 %
450 7.94% 85.244 0.437° 0.105" 0.892" 0410
0 670" 78.07 03598 0.111% 0.7434 0.320%8
Strain 51 150 9.35:| 85.594 05374 0.129¢ 0.893 " 0.370%
300 7.78% 79.77 " 0.471% 0.1249% 0.837° 0.385%
450 6.56 " 83.84 % 0393 0.113 0.7704 0317%

Wl g5l gire Dglas KaSG b sy B Jlesol e jo oS i B> SO BBlas glls sla Kl (5w jo y8
In each column, means followed by the same letters are not significantly difference at 5% probability level.
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Ahmad ef al., ) cwol ool 5155 55 Jley dien
.2013; Alavi zadeh & Nazari delju, 2014
9 orteysld puligogager Bl Sl Sle anslie
Sl Bpan b ol (lis Soged ol cilizeo zglans
AL sladgw 10 59595 SRl (e Seegen
WO Gras g Oglite uiepli uligagosw
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Sl o5 Lo Yoo g V0 CBrao oo 4 VAV 4y
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OSle b S5 0 5ol 50 Sgad sl 05 Lo
Ol oS 5 S 5 0is e 2 eSSk VWP
pae 9 ) wlax b mdl g)lad oS5 4 by
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Figure 1. Mean comparison effect of strains of Pseudomonas fluorescence on leaf phosphorus concentration of
marshmallow.
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Figure 2. Mean comparison effect of humic acid on leaf phosphorus concentration of marshmallow.
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Figure 3. Mean comparison interaction effect of Pseudomonas fluorescence strains and humic acid on leaf
phosphorus concentration of marshmallow.
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