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Effect of Tannins on Plants and on their Productivity
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Tannins inhibited the germination of rice (Oryza sativa) and groundnut
(Arachis hypogaea) and affected radicle development and elongation.
Number and fresh weight of nodules in groundnut plants were
reduced by tannins. Alanine, valine and leucine were leached out of the
tannin treated leaves of groundnut plants, Chlorophyll and carotenoid
contents of groundnut leaves of the trcated plants declined. The
a-naphthalamine oxidizing capacity of groundnut and rice roots was
reduced by tannin treatment, The water holding capacity of soil was
altered. Addition of tannins to soil inhibited the total number of micro-
organisms.” Tannic acid in flooded soil was highly toxic which persisted.
Rhizobium and Azotobacter populations in the treated soils declined
significantly.- Available nitrogen in soils was profoundly affected by tannins,
which also inhibited glucose oxidation by soils.
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Introduction

The term tannin was proposed by Seguin
in 1796 (Haslam 1966) to describe the
substances present in a number of vege-
table extracts which are responsible
for converting putrescible animal skins
into stable leather products. Tannins are
widely distributed in nature and are the
fourth most abundant plant constituents
following cellulose, hemicellulose and lignin
(White 1957). These are present in leaves,

stems, barks, fruits, hairs and sometimes in
roots. Tannins occur extensively in higher
plants including aquatic angiosperms and in
a few lower plants (Boyd 1970). However,
a few plants synthesize substantial quantities
of tannin and are exploited commercially
especially in the tanning of hides (White
1957).

Effiuents from tanneries containing tannins
have gradually made thousands of hectares of

Abbreviations used CAMP—Cyclic 3:5 adenosine monophosphate WT: Wattle tannin, GA—Gibberellic
acid MT: Myrobalan tannin, IAA—Indole acetic acid



land nonproductive in some parts of India
{Sivaswamy 1982). Therefore new interest
on the role of tannins on plants was aroused.
Relevant to the problem is the allelopathic
effect of tannins competently reviewed by Rice
(1974, 1979) and Bbandari and Sen (1983).
The vegetable tannins are classified into
hydrolysable and condensed tannins depend-
ing on the type of phenolic nuclei involved
and the way in which they are adjoined to-
gether to achieve the molecular size and
reactivity required (Haslam 1966). In hydro-
lysable tannin, gallic acid or ellagic acid
is linked into central carbohydrate core. In
condensed tannins, flavan-3-ols or flavan 3, 4-
diols are connected by carbon to carbon links
and not chemically bound to a carbohydrate.

Fuanctions of Tannins in Plants

Lloyd (1922) attempted to explain the func-
tion of tannin in living cells. He described
tannin as a protoplasmic poison and believed
in its role in carbohydrate economy of the
plant. Tannins protect the vulnerable parts of
plant from microbial attack (Mahadevan
1982); they inactivate viruses (Cadman 1960)
and extracellular enzymes of micro-organisms
(Mahadevan 1982). Tannins increase in
Gossypium sp. (Bell 1968), Melissa officinalis
and Mentha piperita infected by parasites
(Felkova et al. 1969).

Rice and Pancholy (1973) provided evidence
for the role of tannins in determining the
climax vegetation. Tannins and polyphenols
influence growth, development and reproduc-
tion of higher plants by interacting with auxin
and gibberellic acid (Green & Corcoran 1975,
Jacobson & Corcoran 1977) and with cyclic
adenosine monophosphate (Kwon et al.
1978a,b).

Seed Germination

Varga and Koves (1959) identified a hydro-
lysable tannin as germination inhibitor. The
hot and cold water extracts of fresh and fallen
leaves of Pinus densifiora inhibited the seed

Effect of Tannins on Plants 271

germination of Achyranthes japonica, Amaran-

_ thus patulus and Indigofera gerandiana. Soils

collected from the undershade of the trees of
P. densiflora inhibited its growth (Lee &
‘Monsi  1963). - Hydolysable tannins isolated
from Arctostaphylos glandulosa inhibited its
own seed germination (Chou & Muller 1972).

Extensive studies on the effect of wattle
and myrobalan tannins on rice (Oryza
sativa variety IR 20) and groundnut (Arachis
hypogaea variety TMV 7) were conducted in
our laboratory.

Wattle and myrobalan tannins delayed the
germination of rice seeds by 1 day (table 1).
In groundnut, WT inhibited seed germination
more than MT. However, the latter caused
more inhibition of radicle emergence
(Muthukumar & Mahadevan 1981).

In rice, MT was more toxic than WT
(Muthukumar & Mahadevan 1982). Further-
more radicle development was suppressed.
The emergence of radicle was gradual and its
elongation was arrested by just 3% and 4%,
concn. of tannins. Inhibition of radicle growth
as well as seed germination increased with
increase in concentration. ‘

Radicle emergence was virtually absent and
the plumule emerged first in myrobalan-treated.
paddy seeds. Suppression of radicle was
35% in 4, conc. of MT; 239 in 39 MT
and 109, in 2% MT. MT caused more
inhibition of radicle elongation of groundnut
seddlings than WT (Muthukumar & Maha-
devan 1981). The tannins were also toxic to
radicle elongation of rice seedlings (Muthu-
kumar & Mahadevan 1981, 1982) and the
inhibition increased with tannin concentra-
tion. The radicles became dark and their
growth was completely arrested by 4% MT.
The radicle as well as plumule lengths were
markedly reduced. Secondary root formation
in groundnut was arrested in the seedlings
treated with tannins. Malformations were
frequent in the seedlings kept in 39} and 4%
solutions of myrobalan tannin. Opening of
cotyledonary leaves was also affected by
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Table 1 Effect of tamnins on germination, root activity, shoot height and nodule number of rice and groundnut

Treatment Control MT (%) WT (%)
‘ 1 2 3 4 1 2 3 4
RICE SEED GERMINATION (%) - 100 98 92 80 78 9% 96 94 86
ROOT ACTIVITY (#8) .
Rice 360 230 155 100 65 170 130 96 35
Groundnut [ 150 909 65 40 65 60 55 40 25

C. SHOOT LENGTH (¢m) OF GROUNDNUT
— Treatment after germination 21 11.5 8 7.5 4.5 16 13 12 11.5
— Treatment before germination 23 18 16 13 16 13 13 11.5

D. NODULES/GROUNDNUT PLANT
— Treatment after germination 125 52 35 18 16 100 78 60 52
— Treatment before germination 140 65 50 70 40 40 30 40 35

A. Washed rice seeds placed in sterilized Petri dish containing moist filter paper were treated with 10 mL
tannin solution, at pH 7. After 3 days, per cent germination was assessed.

B. Roots, 7 days old, cut into segments of 1 to 2 cm weighing 1 to 2 g, were treated with 50 mL of 20 ppm
a-naphthalamine solution. After 2-3 hr incubation in a shaker, 2 mL aliquot of «-naphthalamine was
pipetted out and diluted with 10 mL water. One mL of 19/ sulphanic acid and 1 mL of 10% of sodium
nitrite were added and after 30 min, it was read in a colorimeter at 500 nm.

C. Seedlings, raised in distilled water, 3 days old, were placed in a sterile Petri dish containing a moist
filter paper. The initial plumule and root lengths were measured. Tannin solution was applied to
Petri dishes and after 3 days the lengths were measured.

D. Soil was treated with aqueous solution of tannins. The seeds were sown in pots and after 6 weeks, the
plants were removed and noJules were counted.

tannins. Transverse section of tannin-treated suppressed radicle did not resume its growth.

roots showed the accumulation of dark-
coloured substances in the xylem.

The treated seedlings were washed
thoroughly in distilled water and incubated
in distilled water to ascertain whether the
damage caused by tannin was permanent
or transient. After 3 days, the hypocotyl
resumed growth but radicle did not grow
further in groundnut seedlings. The initiation
of secondary roots started from the sides of
suppressed radicle. Rice seedlings treated in
39% and 47,, MT, and 49, WT, did not initiate
new roots formation andn or did they survive.
But seedlings treated in 1%/ and 29/ solutions
initiated new adventitious roots, but the

Clearly low concentrations caused a transient
inhibition whereas high concentrations
irreversibly inhibited the roots.

Regarding the mechanism of inhibition of
seed germination by tannins, Blaim (1960)
suggested that tannin prevents the water
uptake by embryos. However, there is no
substantial evidence.

Oxidizing Capacity of Roots »
a-Naphthalamine oxidizing capacity is related
to the rate of respiration (Oto 1970). Results
(table 1) show that tannins inhibited the oxi-
dizing capacity of 7 days old roots of ground-
nut and rice (Muthukumar & Mahadeven
1981, 1982),



Growth

According to Floyd and Rice (1967), gallo-
tannic acid (the pentadigalloyl ester of
glucose) was highly inhibitory to seedling
growth of Digitaria sanguinalis, Helianthus
annuus and Lycopersicon esculentum. Even
at 0.83x 10-°M, it markedly reduced the
growth of tomato seedlings. Except D.
sanguinalis, other plant species treated with
0.83x10-*M conc. of the acid, initiated
primary roots near the base of hypocotyls.
Adventitious root development was apparently
responsible for the survival of plants. Gallic
acid at 0.83x10-M caused a statistically
significant reduction in growth of plants. In
general, tannins were more toxic to roots than
shoots. Gallotannin (0.59%) reduced the
growth of bean plants (Lewis & Papavizas
1968). Gallic and tannic acids inhibited
the growth of Amaranthus retroflexus and
Bromus japonicus (Olmsted & Rice 1970).
Mitin (1970) isolated a condensed tannin from
the leaves of Fagus sylvatica, which inhibited
seedling growth. He also found that tannins
from Carpinus betulus inhibited seedling
growth. The growth of tobacco seedlings
was significantly inhibited by 10-*M tannic
acid (Einhellig 1971). The extracts of fresh
and fallen leaves, bark, root and pericarp of
Arctostaphylos glandulosa were inhibitory to
growth of Avena fatua and Bromus rigidus
(Chou & Muller 1972). Extracts of leaves
and fresh leaf litter inhibited root growth of
A. fatua, B. mollis, B. rigidus, Festuca mega-
luna and Raphanus sativus. Soils collected
from under shade of A. glandulosa also
inhibited root growth (Chou & Muller 1972).
Tannic acid at 230 uM inhibited hypocotyl
growth of Phaseolus aureus (Demos et al.
1975).

Rao et al. (1980) reported that proantho-
cyanidins, epicatechin, epigallocatechin and
leucocyanidins isolated from Annona squamosa,
Cassia javanica, Dichrostrachys cinera, Phoe-
nix sylvestris and Xylia dolarleriformis, at
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1 ppm inhibited the growth of Lemna pauci-
costata. Gallic acid up to 100 ppm had little
effect on IR 24 rice seedlings (Goyal et al.
1982).

Tannins at 1Y} significantly inhibited shoot
growth of 42 days old groundnut plants
(table 1), and the effect increased with con-
centration (Muthukumar & Mahadevan
1981). The effect was well pronounced in
treatment after germination. MT was more
toxic than WT. The tap root length was
significantly inhibited even by 19 tannin
solution. Apical meristem was injured and
development of roots occurred only at low
concentrations. The length of roots was
inhibited markedly by MT at 39, and 49,.
The general observations on tannin treated
plants were (i) inhibition of tap root growth,
(ii) emergence of secondary roots from
damaged root tip or above the root tip,
(iii) root injury, (iv) chlorosis, and (v) stunting
of plants. In addition, tannins reduced the
fresh weight of groundnut plants (table 2).

One of the possible mechanisms suggested
by Demos et al. (1975) is that tannin

Table 2 Effect of tannins on fresh weight (g) of 42-
day-old groundrut plants

Treatment Before After

germination germination

Top Root Top Root
Control 15-060 4-138 14-72  4-592
WT 1%* 9:-323 3-866 11-35 2-652
29 7-339  3-308 8-71 1-684
3%* 7-178 2-156 6:63 1-102
4%* 7-188 1-515 4-79 0812
MT 19%* 9:-843  2-240 7-15 1600
2%* 8:290 2-010 6:84 1-312
3y 5-650 0-990 3-59 1-012
4%* 3-667 0-630 1-64 0 744

*Statistically significant
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interferes with respiration of Phaseous aureus.

Indeed tannic acid at 230 uM inhibited states .

III and IV of respiration of isolated mito-
chondria. However, this alone cannot be the
mechanism associated with growth inhibition.

Nodulation

Tannins significantly inhibited nodulation
in groundnut seedlings (Muthukumar &
Mahadevan 1981). Inhibitory effect was
higher in MT treated seedlings than in WT
(table 1).

Blum and Rice (1969) reported that gallic
and tannic acids at 10-8M significantly redu-
ced nodule formation in Phaseolus vulgaris.
Tannic acid solutions of 33400 ppm concen-
tration reduced the mean nodule number, and
the reduction was statistically significant
except that caused by 33 ppm. Leghaemoglo-
bin in the nodule was also reduced.

Chlorosis

Plants grown in a solution containing gallo-
tannic acid (0.83 x 10~ 4M) developed charac-
teristic chlorosis starting at the leaf tip and
cotyledons decreased in size more rapidly
on test plants indicating an accelerated use
of stored food probably because of lowered
rate of photosynthesis (Floyd & Rice 1967).
Tobacco plants treated with 10~4M tannic
acid solution were stunted and leaves displayed
chlorosis (Einhellig 1971). Einhellig sugges-
ted that tannin chelated with iron in soil and
impaired with its availability. This is referred
to iron chlorosis (Brown 1956). Mobility
of iron in soil is caused by breakdown of
organic matter (Boxma 1976) and tannin in-
terferes with the process of organic matter
degradation (Benoit & Starkey 1968, Benoit
et al. 1968, Basaraba & Starkey 1966, Lewis
& Starkey 1968). Radhakrishnan and Siva-
prasad (1980) reported that tannin interferes
with bioavailability of iron. Reduction of
zvgilable iron in the tannin:treated soil
to plant was demonstrated by Sivaswamy

(1982). Besides iron chlorosis, tannins inter-
fere with leghaemoglobin synthesis (Blum
& Rice 1969). The possibility exists that
tannins may interfere with porphyrin synthesis
in plants.

Tannic acid solution, 10-3M caused signi-
ficant reduction in stomatal aperture of to-
bacco plants for about 5 days after treatment
(Einhellig 1971). Any change in stomatal
opening, membrane permeability, water con-
tent, reaction rate of photochemical process
and the quantity of chlorophyll in plastids
naturally affects photosynthesis.

We estimated chlorophyll and carotenoid
in 25 days old groundnut plants treated in
tannin solutions (table 3). Chlorophyll-a
and chlorophyll-b of the treated plants were
reduced significantly. The effect increased
with concentration. Chorophyll-a was more
affected than chlorophyll-b (table 3). Carote-
noid was reduced by tannin treatment. WT
was more effective than MT.

Nitrogen content

Results (table 4) show that tannin treatment
reduced the total nitrogen of plants. The
inhibition was nearly 939 in plants treated
with MT 49, and MT was more effective than
WT. Reduction in nodule number obviously
resulted in low nitrogen fixation. Apart,
the reduced quantum of photosynthate might
limit nitrogen fixation in plants (Hardy &
Havelka 1976). Indeed tannins profoundly
affect photosynthesis. '

Another observation made by us was that
nitrogen uptake by tannin treated plants was
reduced. Since these plants developed reduced
root system, part of the reduction could be
attributed to it. One possible mechanism is
that ammonia or aromatic amides react with
phenolic hydroxyls to yield amidophenols
which polymerize to give a product whose
nitrogen is slowly made available (Alexander
1965).

A direct mechanism is the inhibition of
nitrogen fixing microorganisms by tannins.



Table 3 Effect of tannins on chlorophyll content of
groundnut leaves

Treatment Chloro- Chloro-  Carote-
phyll phyll noid

‘a’(eg/g) b (rg/g) (#g/R)
Control 974 944 365
WT 1% 510 616 249
2% 46 478 184
3% 340 469 161
4%, 373 " 513 193
MT 1% 632 726 314
% 448 640 201
3% 449 633 239
4% 385 588 221

Chlorophyll was extracted and estimated according
to Arnon (1949)

Carotenoid was measured according to the method
of Goodwin (1955)

Table 4 Effect of tannins on nitrogen content of
groundnut plant*

Nitrogen (mg/g plant tissue)

Treatment :
Shoot Root Nodule
Control 159-53 45-76 74-09
WT 1% 128-16 21-34 6820
2% 93-60 16-75 42-14
3% 85-38 18-80 23-36
4% 83-22 18-11 12-19
MT 1% < 114-60 21-65 16:06
2% 92-24 23-88 9-47
3% 39-47  10-10 311
4% 10:29 8-48 1-87

*Nitrogen was estimated according to Johnson’s
(1941) procedure
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Gallic and tannic acids produced by species
of Euphorbia (Rice 1965 a,b, 1969) and Rhus
copallina (Nirenstein 1934) were inhibitory
to nitrogen fixing Azotobacter and Rhizobium
spp. (Rice 1974). Tannicacid at0.66x10-* M
inhibited Lyngbya sp. and Anabaena at
0.66x10~"M (Parks & Rice 1969). Gallic
acid of 0.66 X 10~ % M inhibited Arabaena.

We found that tannins inhibited Rhizobium
and  Azotobacter. Plots of 2x3 M were
laid out; two plots for 29 and 4% tannin
treatment were sampled periodically to deter-
mine Rhizobium population in groundnut
fields and Azotobacter population in rice
fields. Three litres of 1, 2, 3 and 4 9, aqueous
solutions of tannin extract were sprayed twice
a week on rice and once a week on groundnut
plots. Continuous addition of WT at 29
and 49 was highly inhibitory to rhizobial
population in groundnut fields. WT at
29% significantly inhibited the population
and the maximum inhibition of 959 occurred
on 74th and 96th day (figure 1).

Myrobalan at 2% and 49 significantly
inhibited the population upto 55th day.
Beyond which it exceeded the control. WT
was more toxic to soil Rhizobium than myro-
balan. The toxic activity of WT persisted up
to 85 days and Rhizobium did not overcome it.

WT at 2% and 49 significantly inhibited
the Azotobacter population on 24th day.
When urea was applied on 40th day, it favo-
ured the increase in Azotobacter population.
Indeed there was a slight increase of population
over the control. But addition of tannin
significantly reduced Azotobacter population
(figure 2). MT at 29, and 49 significantly
inhibited  Azotobacter population. The
toxicity persisted even at 90th day and the
inhibition was 52 and 909, respectively.

Apart from these, tannins interfere with
nitrification process. Hesse (1957) reported
that aqueous extracts of wattle leaves inhibited
nitrification in soil. Basaraba (1964) demons-
trated the inhibition of nitrification of ammo-
nium sulfate in soil by tannins. Purified
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Figure 1 Effect of tannins on the population of Rhizobium sp. Two plots for 2% and 4% treatment of tannins
were sampled periodically for Rhizobium in groundnut fields. Three litres of the tannin solution were sprayed
or.ce in a week in groundnut plots and the population level was monitored
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Figure 2 Effect of tannins on Azofobacter population
in rice field soil. Field plots were sprayed with 3 1 of
the tannin solution twice a week and soil samples
were analyzed for Azotobacter

preparations of wattle and chestnut-oak
tannins up to 29 strongly inhibited the for-
mation of nitrate. Generally, WT was more
inhibitory than chestnut-oak tannins.

Rice and Pancholy (1973) reported that
populations of Nitrosomonas and Nitrobacter
were reduced in soil due to the accumulation
of tannins. Nitrification by Nitrosomonas
and Nitrobacter was inhibited by tannins
at 2 ppm. Such concentration is likely to
occur in forest soils.

We estimated the total nitrogen in rice field
soils treated with tannins. The total nitrogen
level remained unchanged. Admittedly tannins
inhibited the depletion of nitrogen in soil
(Muthukumar 1980). This, we believe is a
major cause in the stunting of plants grown
in tannin treated soil.



Auxin-induced growth

Zinsmeister (1962) showed that Chinese
tannin (0.01Y%, solution) inhibited the growth
of oat coleoptile segments by 7-8%. Also
in presence of 10-3M IAA, tannin significantly
reduced the elongation of coleoptile segments.
Zinsmeister and Hollmuller (1964) concluded
that gallic acid and d-catechin inhibited auxin
induced growth in a similar way as did Chinese
tannin. Zinsmeister and Hollmuller (1967)
analysed IAA-tannin antagonism in oat-
coleoptile segments in detail. They found
that the antagonism induced by tannin showed
a direct correlation with the applied amount
of IAA. An increase in IAA concentration
decreased the antagonistic effect exerted
by tannin. After preincubation in 10-3M
TIAA solution, subsequent treatment with
tannin abolished the inhibition. But pre-
incubation with tannin solution lowered the
uptake of TAA by 12-459. Presumably
IAA-tannin antagonism in buffered solution
is due to significant decrease in IAA uptake
by coleoptile tissue.

Gibberellin-induced growth

Corcoran (1970) found that tannins from
Ceratonia siligua inhibited gibberellin induced
growth. A variety of tannins inhibited
hypocotyl growth induced by GA in cucumber
seedlings  (Corcoran etal. 1972). In
addition, 14 chemically defined hydrolysable
tannins and 6 impure mixtures of hydro-
lysable and condensed tannins inhibited GA
induced growth of dwarf pea seedlings
(Corcoran et al. 1972). Chinese gallotannin
1, 2, 3, 4, 6-pentagalloyl glucose, chebulinic
acid, procyanidin dimers and trimer
were antagonistic to GA,;, GA,, GA,,
GA,, GA,, GA,, and GA,,, (Green &
Corcoran 1975). These tamnins inhibited
growth induced by the gibberellins. However,
the inhibition was reversed when the GA
concentration was increased. Harada and
Nakayama (1974) found that growth of dwarf
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rice cultivar induced by GA was inhibited by
tannic acid. Jacobson and Corcoran (1977)
reported that chebulinic acid and tara tannins
reduced GA,, induced amylase and acid
phosphatase activity in endosperm half seeds
of barley and in the absence of GA;, activity
of the enzymes was reduced by tannins. The
reduction of enzyme activity caused by tannins
in both endosperm and embryo of seeds was
completely reversed by the addition of GA,.
When aleurone layers of barley endosperm
tissues were incubated with GA,, and tannic
acid, amylase activity was substantially
reduced (Kwon et al. 1978 ab). cAMP
induced amylase activity was reduced by
tannic acid. The cAMP promoted response
was more sensitive to tannin inhibition than
GA; response. The inhibitory effect of
tannic acid was reversed by the addition of
high concentrations of GA; or cAMP.

Tannins are protein precipitants (Maha-
devan 1982) and through this mechanism
they inactivate enzymes.

Ion-uptake

Tannic acid reduced the uptake of K+ and
Ca+2 ions by Amaranthus retroflexus (Olmsted
& Rice 1970). Tannins interfere with iron
uptake, which is of basic importance in limiting
growth and reproduction of plants (Muthu-
kumar 1980).

Membrane permeability

Interference with membrane permeability
by tannins has been recognized (Glass &
Dunlop 1974). To understand the effect of
tannins on membrane permeability, ground-
nut leaves and roots were used. Discs
(5 mm) prepared from groundnut leaves, 75
days old, approximately 7.5 mg (fresh wt)
were placed in tannin solution and incubated.
At predetermined interval, they were removed.
washed thoroughly in distilled water and re-
incubated in distilled water. Conductivity
of the suspended solution was measured at
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30 min interval. In another experiment,
young and old segments of roots, of 25 days
old plants were incubated (0.2 g) in tannin
solution and conductivity changes were
measured. Suitable controls with leaf discs
and roots suspended in glass distilled water
were kept. The leachates were analysed
for amino acids and ions. Leaf discs treated
with tannins for 1 hr increased the conductivity
of suspended solution (table 5). MT caused
maximum damage to the membrane, as
revealed by increased leachate. Roots treated
in tann n solutions for 4 hr showed maximum
conductivity of suspended solution.

Tannins altered the membrane permeability
of groundnut leaves and caused the leakage
of amino nitrogen (table 6). Major amino
acids in MT treated leaf leachates were identi-
fied as alanine, valine and leucine. K+ ions
were more leached than Nat ions (Muthu-
kumar 1980).

Conclusions and Prospects

The mechanism of action of tannins on plants
is indeed complex. Tannins interfere with

Table 6 Toral amino nitrogen Nat and K+ leached
out of tannin-treated groundnut leaves

Treatment Amino Na+ K+
nitrogen (mg/l)
(rg/g
fresh
tissue)
Control 1-8 6 26
WT 2% 10-8 26 56
4%, 186-0 22 60

Groundnut leaves, 200 g fresh wt, were suspended
in 500ml of 29 tannin solution for 1 hr. After
washing the leaves were resuspended in 500 mL of
distilled water and incubated for 2 hr. The total
amino nitrogen was estimated (Moore & Stein 1948).
Nat+ and K+ ions were estimated in a flame photo-
meter.

Table 7 Effect of tannins on the yield of paddy and
groundnut

Table 8 Effect of tannins on the membrane permeability
of groundnut
Treatment Conductance (4 mhos)
Leaves Roots
1 hr 2 hr 1 hr 2 hr
Distilled water 15-36  32-29 18-49 20-92
MT 1% 3- 7 1 45-62 61-44
2% 6697 94-17 54-50 61-44
3% 63-08 94-17 54-50 64-21
WT 1% 42-00 69-483 33-68 38-96
2% 45-33 88-07 38-41 45-35
3% 25-35 44-23 38-96 44-23

Leaf discs (5 mm) weighing about 0-2 g were sus-
pended in tannin solution for 1 hr. The conductivity
changes of the suspended solution were measured
in a Mullard Conductivity Bridge

o =38 E3
< 8 E £y
g Ea 2 2%
g 8 ° Q = o2
= i o -3 =l I
2 g s g 85
= 8] - e ol oY
Control 2.32 0.90 11.00 0.11
Watitle ‘
tannin 1 1.92 0.79 9.80 9.10
2 1.64 0.69 9.00 8.10
3 1.56 0.65 7.80 9.20
4 1.28 0.64 6.40 8.20
Myrobalan
tannin 1 1.92 0.82 8.40 8.30
2 1.56 070 7.0 9.60
3 1.28 0.68 7.80 8.40
4 0.80 0.63 6.20 9.70




seed germination, radicle elongation, root
activity, growth of the plant, hormonal action,
membrane permeability, nodulation, mineral
uptake, ni‘rogen availability, nitrogen fixation
and photosynthesis. All these effects cumu-
latively reduce the yield of rice and groundnut
(table 7) (Muthukumar & Mahadevan 1981).
Investigations on the role of tannins on
plant growth have been sporadic and relegated
to obscurity. We have not yet fully appre-
ciated the significance of tannins in reducing
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