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Abstract

Studies on the effect of IAA, GA, and kinetin on the growth of 3 strains of Azospirillum have
shown that it depended on the strain, the kind of plant growth regulator in the medium, the
concentration of a given compound and on the kind of carbon source (malate, succinate or
fumarate). IAA and GA, in most cases stimulated the growth of azospirilla in the presence of
succinate and fumarate; the same hormones have not exerted any noticeable efTect in media
containing malate. Kinetin inhibited the growth of azospirilla in media with succinate and
fumarate. Kinetin in the presence of malate weakly stimulated the proliferation of Azospirillum
sp., il applied in low concentrations (0.001-0.01 ug/mi). The same hormone exerted inhibitory
effect in malate-containing media, when applied in high concentrations (1-10 ug/mi}.

Introduction

Different soil microorganisms were found to produce plant growth regulators
(Greene, 1980; Strzelczyk et al., 1987). Azospirillum sp., a widespread group
of nitrogen fixing and plant growth producing bacteria have received considerable
attention in recent years. These bacteria are considered to be of importance for
inoculation of plants. Plant growth substances are aiso believed to affect mycor-
rhizae formation and functioning (Gogala, 1991). It is likely that rhizosphere -
bacteria capable of fixing nitrogen may improve plant preductivity both by
hormonal stimulation and by supplying nitrogen (Tien et al., 1979).

Azospirilla are known to produce plant growth regulators (Tien ef al, 1979;
Strzelczyk et al, 1993). However, nothing is known about the effect on
Azospirillum of these substances which may be produced by associated microor-
ganisms or may occur in root exudates.
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Experimental
Materials and Methods

Strains. Three (ollowing strains of Azospirillum were used ip gpr studies:

1. Azospiriflum sp. (1) isolated [rom ectomycorrhizae of Dougliﬁ'fformed with Rhizopogon vinicolor.
2. Azospirillum sp. (2) isolated {rom within the sporocarp of Laccaria laccata.
3. Azospirillum sp. (3) isolated from within sporocarp of Hebeloma crustuliniforme.

Culturing. The bacteria were cuitured in triplicate in 100 mi Erlenmeyer {lasks with sidearm
each containing 25mi of Ddbereiner (1980) medium with appropriate concentrations of pilant
growth regulators (indoleacetic acdd — IAA, gibberellic add - GA,, kinetn). The [ollowing
concentrations of plant growth regulators were used: [-0.001 pug/mi, 2-0.01 yg/mi, 3-0.1 ug/mi,
4-l pg/ml, 5-10 pug/mi.

Three carbon sources were used in our study — malate, succinate and (umarate-Na in amount of
5 g/1000mli. The medium in each flask was inocuiated with 0.5 ml of 3-day old culture of Azospiriflum
grown in Dobereiner liquid medium. The inoculated media were incubated at 26°C [or 72 hours.
Cultures without plant growth regulators were used as controls.

Growth of Azospirillum. Growth of Azospirillum was recorded by optical density measurements
with Klett-Summerson (filter 42) photocolorimeter during 72 hours of growth after 0, 4, 12, 24, 36,
48 and 72 hours. Corrected values of optical density of hours cultures (as the most representative
ones) were statistically analyzed by |-factor analysis of variance (ANOVA) and the Newman-Keuls
multiple range test (p £0.05). Calculations were performed using the program CSS: STATISTICA for
IBM PC and compatibles (refease 3.0E, 1991, StatSoft, Tulsa, Oklahoma, USA).

Results

The results od our studies are presented in Tables [-III and Fig. I. It
appears from Table I that the effect of IAA on growth of 4zospirillum depends
both on the concentration of IAA and the source of carbon. In media with
malate IAA did not affect growth of Azospiriilum at either concentration used.
However in the presence of succinate stimulation of growth of this bacterium
was observed and the growth was proportional to the concentration of IAA.
Growth stimulation by IAA in succinate-containing media was significant
(p<0.05) at concentrations >0.01 pg/ml (strains Nos 1! amd 3) and
>0.001 ug/mi (strain No 2). In media with fumarate IAA significantly (p<0.05)
stimulated growth of all the strains of Azospirillum except strain No 2 at
0.00! ug IAA/ml (Table I, Fig. 1).

The effect of GA; on growth of Azospirillum similarly as in case of
IAA dependent upon kind of carbon source (Table II). In media with malate,
GA, affected slightly growth of this bacterium. The stimulating effect was
statistically significant at the concentration of 0.1 ug/ml of the above growth
substance (Azospirillum 1) and at the concentration 0.1 to 10 ug/ml for the
remaining strains.

In media with succinate GA, exhibited the strongest stimulatory effect in
Azospirillum No 1 (significant stimulation at p<0.05 for all the concentrations
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Fig. 1. EfTect of difTerent concentrations of plant growth hormones (PGH) on growth kinetics of
Azospirillum sp. :
Q- -0 Conuol, ®—@ 0.00l ug PGH/ml, A—a 0.01 ug/ml, A—a 0.1 ug PGH/mL
O—3 | pg PGH/ml, #—®& 10 ug PGH/ml.

used). However GA, significantly (p<0.05) promoted the growth of the two
remaining strains in succinate-containing media (except strain No 3 at the [owest
concentration of GA,). The stimulating effect of this hormone in media with
fumarate was significant (except strain No 3 at 0.00] ug GA,/ml). With fumarate
the most stimulatory were medium concentrations of GA, (0.01-1 ug/ml) for
strain No 1; the lowest ones (1-10 ug/ml) for strain No 3 (Table II).

Kinetin affected distinctly the growth of Azospiriflum with malate as carbon
source. However the higher concentration of this piant growth regulator in-
hibited the growth of this organism (Table III).
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Table I

~0
[

Growth yield (optical density after 48 k of culturing) of Azospirillum in the presence of difTerent
concentrations of TAA

Strain| Carbon Experimental combinations (concentrations of TAA) |
No. | scurce 0 {control) | 0.001 ug-mi='{0.01 ug-mi ™" f 0lpg-mi™ ! 1.0ug-mi™* ! 10ug-mi~t
Malate | 166.0a 155.0 2 16072 | 13702 | 1753a | 1783a |
+ 11.53 + 20.66 + 2631 + 26.06 = 2595 + 18.77 |
| | Succinate | 1453 a 173.3 a 1823 a 194.0 d 203.7e 210f |
+ 233 = 3385 = 1.87 £25 | =318 =436 |
Fumarate ! 100.0a 116.7 b 130.7 ¢ 140.0 4 151.7 e 158.3e
+ 1.00 + 5.6 = 8.39 = 3.18 =451 | =35 |
Malate 97.0 2 69.3a 82.0 2 993a | 7602 . 10201
+ 3234 + 231 + 23.26 + 25.15 | £ 2007 = [7.52 |
2 | Succinate | 136.72a 169.7 b 185.7 ¢ 190.3 cd 196.3 cd 199.7d
+ 335 = 601 = 240 + 0.88 =145 = 0.88
Fumarate 83.7a 91.7 ab 95.3b 105.0 be 123.7 ¢ 135.74
+ 1.53 + 1.53 = 3.06 =529 | =1021 = 6.81 |
Malate 173.7a 162.3 2 1700 a 19002 | 1580a | 16702z |
+ 5.56 + 3.67 = 9.50 + 436 l =265 | =1572
3 Succinate | 120.0a [27.7 a 1430 b 1480b : 154.0b 1753 ¢
+ 3.61 + 5.71 = 2.52 = 0.58 f + 6.24 +3.01
Fumarate| 95.02a 1170 b 121.7b 129.3b ' 140.7 ¢ 151.04d |
+ 3.6l = 781 * 757 £153 | z457 * 3.61 |

Explanatons: — mean values marked with the same letter in a given line do ot difTer significandy (p £0.05);
- standard errors are gvea in lines below of those containing the mean vaiues.

Table II
Growth yield (optical density after 48 h of culturing) of Azospiriflum in the presence of diflerent
concentrations of GA,

i

Strain! Carbon Experimental combinations (concentrations of GA )
Neo. | source 0 (control) | 0.001 g -mi~'{0.0] pg-mi~'  0.lug-mi™! l. 1.0ug-mi™" | 10ug-mi~!|
1 2 3 4 5 L | 7 8
j ' |

Malate 251.0a 2280 a 2237 a 1M.7b 2330 a 225.0a

+ 14.19 + 4.00 + 19.00 + 2275 = 3483 + 3045

1 Succinate 8402 135.7b 148.7 be 1610 ¢ 1670 ¢ 174.7 cd

+ 34.39 + 10.60 + 442 + 1.00 + 8.89 = 12.01

Fumarate 101.3>a. 115056 131.7 ¢ 1450 | 150.7 & 140.3d

+ 2.52 + 1.00 + 9.07 +929 | £ 1.53 + 253
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Table I1 - continued

1 2 3 4 5 6 7 8

Malate 1327 a 138.7 a 142.0 ab 182.7 ¢ 153.0b 149.7 b

+ 2.08 + 1224 += 13.00 - 7.77 = 3.29 = 7.02

2 Succinate 913a 106.7 b 112.0 be 109.7 b 1093 b 1187 ¢
+ 9.50 + 6.81 + 3.00 + 3.78 - 7.37 = 4.62

Fumarate| 103.7 a 125.3 be 1183 b 124.3 be 116.7b 1013 a

+ 3.21 + 14.29 + 19.73 - 5.86 = 21.08 = 1.53

Malate 161.3 a 156.0 a 188.0 b 2017 ¢ 187.0b 185006

' + 6.03 + 45.71 + 21.28 + 2.08 = 18.74 = 20.82

3 Succinate 80.3 a 85.7 ab 1003 ¢ 93.3b 91.3b 98.0 be
+ 1.53 + 723 = 2.52 = 4.36 = 5.51 -~ 8.89

Fumarate 95.7 a - 121.0 ab 1260b 127.7 be 1393 ¢ 1350 ¢

= 1.53 + 3.61 + 346 = 1222 = 3.06 -~ 5.00

Explanations: - see Table [
Table III

Growth yield (optical density after 48 h of cuituring) of Azospirillum in the presence of different
concentrations of kinetin

Strain| Carbon Experimentai combinations (concentrations of kinetin}
No. | source 0 (control) | 0.001 ug-mi~'0.01 pg-mi™! | 0.1pg-mi™" | 1.0pg-ml™" | 10ug-mi™"
Malate 114.0 ab 144.7 ¢ 1293 b 104.7 a 104.3 2 118.8 ab
+4.19 + 1237 + 9.70 + 0.67 + L15 + 5.4
1 Succinate | 138.0¢c 143.7 ¢ 136.0 ¢ 124.3 bc 1140 b 103.0a
+ 3.06 + 3.21 + 5.20 + 6.74 + 2.65 = 6.08
Fumarate| 165.3d 1387 ¢ 120.7b 113.7b 108.3 ab $9.02
+ 7.77 + 7.09 + 252 + 5.69 + 643 + 1.00
Malate 124.3 ab 148.7 b 1383 b 129.0ab | 11472 1183 a
+ 4.98 + 9.33 + 10.53 + 8.14 = 6.77 =2
2 Succinate | 1483 ¢ 1473 ¢ 133.3 b¢ 12836 1140 2 1113 a-
+ 5.03 + 7.51 + 5.69 + 5.51 + 5.29 +3.79
Fumarate| 147.0d 1357 ¢ 11330 103.3 ab 97.7 ab 8732
+ 3.61 + 9.51 + 4.16 + 8.62 + 4.93 + 5.03
Malate 1300 b 1457 ¢ 139.3 be 1353 be 117.7 ab 109.7 a
+ 5.51 + 2.03 + 4.18 + 3.18 + 3.84 +9.54
3 Succinate | 159.0 d 137.0¢ 103.7 b ANE! 89.0 ab 89.7 ab
+ 2.65 + 4.58 + 1872 + 513 + 18.74 + 2126
Fumarate | 142.7d 143.7d 1323 ¢ 119.7b 112.7 ab 1050 a
+ 7.02 + 3.79 + 2.08 + 1.53 + 8.62 + 5.57

Explanatons: - see Table [
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In the presence of succinate an fumarate even the lowest concentrations of
kinetin inhibited distinctly the growth of Azospirillum: for these carbon sources
inhibitory effects of kinetin were in most cases statisticaly significant p<0.05
(Table III).

Discussion

Azospirillum is probably the most studied non-symbiotic N,-fixer because
of its well known properties demonstrated on broad range of plan: species
(Fages, 1992).

A considerable interest in Azospzn[lwn persists world-wide despite its contro-
versial nature (Bashan and Levanony, 1989) Studies have suggested
N,-fixation (Kapulnik er a/., 198]1; Mertens and Hess, 1984; Li and
Huang, 1987) hormonal effects (Sarig er al., 1984; Kucey, 1988) improve-
ment of root development, mineral and water uptake (Bashan, 1986; Okoan
and Kapulnik, 1986). However it was demonstrated that contribution of
Azospirillum brasilense Cd in growth of tomato seedlings is not through nitrogen
fixation (Bashan er al, 1989). Production of B-group vitamins and plant
growth regulators has been demonstrated (Dahm et al, 1993; Strzelczyk et
al., 1993).

Indole acetic acid, gibberellins and cytokinins were found in culture media of
Azospirillum by Tien et al (1979).

Despite the production of plant growth regulators the effect of IAA and GA,
on growth of Azospirillum dependend upon the concentration of these substances
and the kind of carbon source. This observation seems to be important for
a better understanding of the plant 4zospirillum relations but may be also of
practical importance in the technology of inoculants preparation.

According to Bashan and Levanony (1988) inoculation of plants with
Azospirillum on a large scale should not be yet recommended. Further studies on
Azospirillum are essential before inoculation technology can start.

Azospirillum seems to be for us a promising organism for inoculations of
plants (as a PGPR) or as a helper for mycorrhizal inoculation. Therefore it
deserves further consideration.

Acknowledgements. This research was carried out under a joint program performed in coop-
eration with the United States Department of Agriculture and the Polish Ministry of Agriculture
and Food Production under the Second M. Skiodowska-Curie Fund (Project No. PL-AES-139).
It was also supported by a grant made by Polish Committee of Scientific Research Project
No. 662969102.



EfTect of plant growth hormones on Azospirifium sp. 85
Literature

Bashan Y. 1986. Enhancement of wheat root colonization and plant development by Azospirilfum
brasifense Cd following temporary depression of the rhizosphere microflora. dppl. Environ.
Microbiol., 51:1067-1071.

Bashan Y. and H. Levanony. 1988 Interaction between Azospirillum brasilense Cd and wheat
root cells during early stages of root colonization. In.: Genetics, Physiology, Ecology. Ed.
W. Klingmuller, Spring — Verlag Heidelberg.

Bashan Y, Singh M. and H. Levanony. 1989. Contribution of 4zaspirillum brasilense Cd to
growth of tomato seedlings is not through nitrogen {ixation. Can. J. Bot., 67:2429~2434.

Dahm H.,, Rézycki H,, Strzelczyk E. and C.Y. Li. 1993. Production of B-group vitamins
by Azospirillum spp. in media of difTerent pH at difTerent temperatures. Zentralbl. Mikrobiol.,
148:195-203.

DG&bereiner J. 1980. Forage grassesand grain crops, p. 535-555. In: Methods for Evaluting

" Biological Nitrogen Fixation (Bergersen F.J.Ed). John Wiley & Sons, Inc. New York.

Fages J. 1992. An industrial view of Azospirillum inoculants {ormulation and application technoi-
ogy. Synbiosis, 13:15-26.

Gogala N. 1991. Regulation of mycorrhizal infection by hormonal [actors produced by hosts and
fungi. Experientia, 47:331-340.

Greene E. M. 1980. Cytokinin production by microorganisms. Bot. Rey., 46(1):23-74.

Kapulnik Y., Okon Y, Kigel J, Nur I. and Y. Henis. 1981, Effects of temperature,
nitrogen fertilization and piant age on nitrogen [ixation bv Setavia italica inoculated with
Azospiritlum. Exp. Agric., 17:179-189.

Kucey R.M.N. 1988. Plant growth - altering effects of .4zospirillum brasilense and Bac‘/[us C-11.25
on two wheat cultivars. J. Appl. Bacteriol., 64:187-196.

Li C.Y. and L.L. Hung. 1987. Nitrogen-fixing (acetylene reducing) bacteria associated with
ectomycorrhizae of Douglas - {ir. Plant and Soil, 98:425-428.

Mertens 1. and D. Hess. 1984. Vield increase in spring wheat (Triticum aestivum) moculated
with Azospirillum lipaferum under greenhouse and field conditions of temperat-region. Plant
and Soil, 82:87-89. .

Okon Y. and Y. Kapulnik. 1986. Development and function of Azospirilfum — inoculated roots.
Plant Soil 9:3-16.

Sarig S, Kapulnik Y., Nur Y. and Y. Okon. 1984. Response of nonirrigated Sorghum
bicolor to Azospirillum inoculation. Exp. Agric. 20:59-66.

Strzelczyk E., Dahm H., Kampert M., Pokojska A. and H. Rdzycki. 1987. Activity
of bacteria and actinomyceates associated with mycorrhizae of pine (Pinus syivestris L.).
Angew. Bot., 61:53-64.

Strzelczyk E.,, Kampert M. and C.Y. Li. [993. Cytokinin-like substances and ethylene
production by Azospirillum in media with difTerent carbon sources. Zentralbl. Mikrobiol.,
(in press).

Tien T.M., Gaskins M.H. and D.H. Hubbell. 1979. Plant growth substances produced
by Azospirillum brasilense and their effect on the growth of pearl millet (Pennisetum
americana L.). Appl. Environ. Microbiol., 37:1016-1024.




