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Abstract: Effects of tannic acid on rhizobial performance and legume-rhizobial N, fixing
symbiosis were examined using soybean as the test plant. Two strains, Bradyrhizobium
elkanii SEMIA 5019 and B. japonicum TAL 102 were grown in continuous culture media
with different concentrations of tannic acid for 28 days to produce tannic acid-affected
rhizobia. Soybean inoculated by the affected rhizobia in gravel pots was evaluated for plant
growth, nodulation and N accumulation after 40 days. Two other sets of soybean plants
inoculated by unaffected, normal thizobia were treated with tannic acid separately at
planting or two weeks after planting. This was to examine the effect of soil solution tannic
acid on the symbiosis. Plant growth, nodulation and N accumulation of soybean were
reduced when the rhizobial strains were affected mainly by » 0.2 mM tannic acid. This was
conspicuous in B. japonicum TAL 102, Tanmic acid was responsible for biochemical changes
of the rhizobial proteins, thus resulting in their alterations, especially in B. japoricum
TAL 102. When grown in culture media with 0.4 mM tannic acid, an increased shoot N
accumulation was observed in inoculated soybean. It is concluded from this study that soil
tannins have both favorable as well as unfavorable effects on the legume-rhizobial N, fixing
symbiosis. They reduce rhizobial performance by direct interactions whereas they enhance
N, fixing activity possibly by removing soil mineral N in the proximity of legume root
systemn at planting.
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Introduction

Tarmins are a naturally occurring chemically diverse group of water-soluble plant polyphenolics,
which combine with proteins and other polymers to form stable, soluble or insoluble complexes
(Hagerman et af., 1992; Konishi and Tanaka, 1999). They are biologically active chemicals with
molecular masses between 500 Da and 3000 Da and are widely distributed in the soil. The relative
abundance of these compounds varies widely among plant species and the tissue type (Kogel-Knabner,
2002). Tannins also have diverse effects on biclogical systems, as they are good chelators of ions (Mila
and Scalbert, 1994), biological anti-oxidant and anti-microbial agents {Scalbert, 1991).

In natural and managed ecosystems, large amounts of tannins are released to the soil during litter
turnover. They, being anti-microbial compounds affect the growth and activity of thizobia in the soil
(Mila and Scalbert, 1994). In addition, seed and root tannins of nodulating legumes have been observed
to reduce rhizobial growth and nodulation (Wolff e af., 1993; Balasubramani et af., 1992). Thus, like
many other environmental stress factors such as acidity, salinity, drought ete. that reduce rhizobial
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performance (Giller, 2001), tannins also play an important role in altering rhizobial effectiveness.
However, this has not been adequately studied in terms of especially legume-rhizobial N, fixing
symbiosis. Present study investigates the effects of rhizobia affected by tarmic acid, on legume-
rhizobial N, fixing symbiosis using soybean as the test plant. Bacteroids of the affected rhizobia in
soybean root nodules are protein-fingerprinted to examine their biochemical changes. Further, the effect
of tarmic acid on the legume-rhizobial interaction in the symbiosis is also evaluated.

Materials and Methods

Culturing Rhizobia

B. efkanii SEMIA 5019 and B. japonicum TAL 102, developed for soybean were used. Cultures
were maintained in Yeast Manitol Broth (YMB) (Somasegaran and Hoben, 1994). They were incubated
on a rotary shaker at 28°C for 6 days. Purity of the cultures was tested using yeast manitol agar with
congo-red (CRYMA) plates and gram staiming.

Evaluation of Growth, Nodulation and N Accumulation of Sovbean When Inoculated with Tannic
Acid-affected Rhizobia

The two bradyrhizobial strains were grown in tannic acid treated continuous cultures for 28 days.
Commercial tannic acid ( Vel, Geldenasksebaan 464, HR/R.C, Leuven 6172, Belgium) was used for this.
First, filter-sterilized tannic acid was added to an autoclaved YMB in order to give final concentrations
of 0.05, 0.1, 0.2 and 0.4 mM. This range of concentrations was within the range of tannins found in
soil (Rice and Pancholy, 1973). Three replicates were included for each concentration. Control cultures
of each strain were maintained in the media without tannic acid. All the cultures were incubated at
28°C on a rotary shaker.

Soybean seeds were surface sterilized, pre-germinated at 20°C and sown (3 seedlings per pot) in
regiform pots filled with a heat stenilized gravel medium and McKnight solution, a sterilized N-free
plant nutrient medium (McKnight, 1949). Plants were inoculated separately with 3 mL of the tannic
acid-affected cultures above and the control cultures, containing ~10° cells mL ™. Six replicates were
maintained and pots were arranged in a Completely Randomized Design (CRD) in a greenhouse. Plants
were grown with a daily mimimum-maximum temperature range of 25-30°C. They were watered daily
and the McKnight solution was supplied once a week. Plants were harvested after 40 days of growth
(at flowering). Shoot, root and nodule dry weights were recorded. Total nitrogen concentrations of
dried and ground shoot and root samples were estimated using Kjeldahl method (Bremmer and
Tabatabai, 1972).

Extraction of Proteins from Bradyrhizobial Bacteroids Isolated from Soybean Nodules

Only two concentrations (0.2 and 0.4 mM) of tannic acid were considered for the extraction of
tanmi¢ acid-affected rhizobial proteins. Bacteroids of SEMIA 5019 and TAL 102 were isolated from
fresh soybean nodules using a technique described by Day er af. {1989), with some modifications.
Nodules were crushed in 20 mM potassium phosphate buffer containing 0.1 mM sodium ascorbate
and soluble polyvinylpyrrolidone K30 (pH 7.4) (Eady, 1980). The macerate was squeezed through
four layers of cheesecloth to remove large debris. The filtrate was centrifuged at 78 x g for 10 min to
remove plant cell debris. Pellet was discarded and supernatant was collected. Supernatant was
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re-centrifuged at 15,339 x gfor 15 min. Supernatant was discarded and pellet was re-suspended in
sodium phosphate buffer and re-centrifiged. Supematant was discarded and the pellet was
re-suspended in sample treatment buffer containing DTT and 20% SDS. Bacteroid suspension was
sonicated for 2 min at 65% power and heated in a water bath at 95°C for 10 min precisely. After
heating, placing them in an ice bath immediately cooled down the tubes and then they were centrifuged
at 78 x g for 5 min and the supermatant (protein extract) was collected.

Gel Electrophoresis of Bacteroid Proteins

One-dimensional SDS polyacrylamide gel electrophoresis (1D SDS PAGE) was carried out for
the proteins of the bacteroids (Botha and Jooste, 1992; Dewettink ef af., 1992). Gels were stained with
coomassie brilliant blue to visualize the proteins (Sambrook ef af., 1989). They were analyzed using
cluster analysis of Gel Compar (1993) computer software. The unweighed pair group method with
arithmetic means (UPGMA,; Sneath and Sokal, 1973) was applied for the analysis.

Evaluation of Growth, Nodulation and N Accumulation When Inoculated Sovbean Plants Were Affected
by Tannic Acid

Tannic acid (0, 0.05, 0.2 and 0.4 mM) was applied to two separate sets of gravel pot plant
cultures contaiming McKnight solution; application to the first set at planting and the other at two
weeks after planting. Seedlings were inoculated at planting with 3 mL broth of unaffected SEMIA
5019, containing ~10° cells mL~". Plants were maintained and treated in a similar manner, as described
above.

Data analysis
All data were analyzed by GLM procedure of SAS software (SAS, 1987). Means were separated
using Tukey’s HSD test.

Results

Effect of Tannic Acid-affected Rhizobia on N, Fixing Symbiosis of Sovbean

Nodule dry weight of soybean decreased significantly with inoculation of SEMIA 5019 affected
by 0.2 or 0.4 mM tarmic acid (p<0.001; Table 1). With TAL 102, a significant reduction in nodule dry
weight was observed when it was affected only by 0.4 mM tanmic acid (p<0.001). Shoot and
root dry weights of sovbean decreased significantly compared to the control, when inoculated with
SEMIA 5019 or TAL 102 that was affected by 0.4 mM tannic acid (p<0.001). Root dry weight
decreased significantly when inoculated with SEMIA 5019, affected by all three concentrations of
tannic acid (p<0.001). However, shoot dry weight did not show significant differences when
inoculated with 0.05 or 0.2 mM tannic acid affected SEMIA 5019 (Table 1). Shoot N accumulation
of the plants inoculated with 0.4 mM tannic acid affected SEMIA 5019, was significantly lower
than that of the control (p<0.01). Root N accumulation of the plants inoculated with 0.2 or 0.4 mM
tannic acid affected cultures was significantly lower than that of the control (p<0.001). Shoot N
accurnulations of the plants decreased significantly under the inoculation with 0.4 mM tanmic
acid affected TAL 102 (p<0.01). The two concentrations of tannic acid separated the standard
bacteroid protein profile of SEMIA 5019 by 23-27% (Fig. 1). The corresponding separation of TAL
102 was 60-93%.
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Table 1: Effect of tannic acid-affected Bradvrhizobium elkanii SEMIA 5019 and B. japonicum TAL 102 on nodulation,
plant growth and N accumulation of soybean

Dry weight N accumulation

Nodule (g plant™) (mg plant™)
Tannic acid dry weight
(mM) (mg plant™") Shoot Root Shoot Root.
B. elkeanii SEMIA 5019
0 210.8 0.665* 0.285¢ 18.59% 3.99¢
0.05 2139 0.615* 0.175° 16.50* 3.31®
0.2 183.8° 0.635° 0.165° 17.97% 2.51°
0.4 167.0° 0.495° 0.150° 11.77° 2.55
F-value 18.56™ 15.96™ 39.00" 16.10™ 15.20™
MSD (0.05) 74 0.076 0.040 4.35 0.778
CV (%) 2.3 7.6 12.5 16.1 15.2
B. japonicum TAL 102
0 181.7% 0.861° 0.151® 29.44% 2,254
0.05 177.2* 0.390° 0.150* 10.16° 1.72%
0.2 184.1* 0.580° 0.150° 13.31° 1.89%
0.4 1489 0.182¢ 0.068° 3.95¢ 0498
F-value 14.90™" 212.0™ 86.30"" 13.22™ 20.53™
MSD (0.05) 17.2 0.079 0.018 2.47 0.543
CV (%) 5.9 9.5 8.3 10.4 20.5

Values in the same column followed by different letter (s) indicate significant differences at p<0.05 by Tukey’s HSD

o

test.

ditference. CV Coefticient of Variation

significant at p<0.001, "significant at p<0.01. Each value is a mean of six replicates. MSD minimum significant

Table 2: Effect of tannic acid on Bradvrhizobium ellkanii SEMIA 5019-soybean N, fixing symbiosis when different
concentrations of tannic acid were applied to the culture medium at planting or two weeks after planting

Dry weight N accumulation

Nodule (g plant™) (mg plant™")
Tannic acid dry weight
(mM) (mg plant™") Shoot Root Shoat Root.
At planting
0 135.8 0.975 0.188* 2> 231
0.05 120.5 0.968 0.175® 22.9% 2.43
0.2 116.9 0.897 0.195# 22.4% 2.59
0.4 152.0 0.985 0.153° 26.8* 2.24
F-value 1.14 1.11% 8.57" 3.8" 2,27
MSD (0.05) - - 0.026 4.57 -
CV (%) 19.5 9.8 8.6 11.6 9.93
Two weeks after planting
0 137.0 0.903 0.185# 20.8 2.51
0.05 1204 0.978 0.162* 21.4 241
0.2 121.0 1.042 0.155° 24.0 2.16
0.4 154.0 0.840 0.173*® 21.2 2.72
F-value 2.46™ 2.31% 519" 1.08% 4.32%
MSD (0.05) - - 0.024 - -
CV (%) 18.6 15.0 8.4 12.3 18.2

Values in the same column followed by different letter(s) indicate significant differences at p<0.05 by Tukey’s H3D test.
""significant at p<0.01. ™not significant at p=<0.05. Each value is a mean of six replicates. MSD minimum significant
difference. CV coefficient of variation

Effect of Tannic Acid on Soybean-rhizobial N, Fixing Symbiosis

At planting or two weeks after planting, tannic acid application to soybean inoculated with
SEMIA 5019 did not change nodule and shoot dry weights, compared to the control (Table 2). Root
dry weight decreased whereas shoot N accumulation increased significantly, compared to the control
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Fig. 1: Dendrograms showing bacteroid protein profiles of soybean nodules. Proteins of (a)
Bradyrhizobium elkari SEMIA 5019 and (b) Bradyrhuzobrum japonicwm TAL 102, as affected
by two concentrations (0.2 and 0.4 mM) of tannic acid. std.-standard protein profiles of the

strains in the absence of tannic acid interactions

when 0.4 mM tannic acid was applied at planting (p<0.01), but there was no such an effect when
tannic acid was applied 2 weeks after planting. Root N accumulation was not affected by tannie acid

applications.
Discussion

Plant growth, nodulation and N accumulation of soybean were reduced when the rhizobial strains
were affected by tannic acid. Profound effects were observed with TAL 102, which were also reflected
from its high alteration of bacteroid protein profiles. This indicated that the reduced performance of
tannic acid-affected rhizobia could be attributed to their changes in protein biochemistry, possibly
through protein-tannin complexation (Konishi and Tanaka, 1999). Among other environmental factors,
this seems to be an important factor responsible for the loss of effectiveness of introduced rhizobia
in a long run that has been observed in many studies (Vargas et ol., 2000; Hungria et ol., 2003). This
makes the need for reinoculation of rhizobial ino culants for better results.

Increased shoot N accumulation of inoculated soybean under the relatively high tannic acid
coneentration in the culture medium at planting could have been caused by the removal of any mineral
N present as impurities in the medium by tannic acid through polymerization (Northup et al., 1993),
favoring nitrogenase activity.

Ttis thus concluded from this study that soil tannins have both favorable as well as unfavorable
effects on the legume-rhizobial N, fixing symbiosis. They reduce rhizobial performance by direct
interactions whereas they enhance N, fixing activity possibly by removing soil mineral N in the

proximity of legume root system at planting.
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