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AMMONIUM ENHANCES THE NITRATE INDUCED NITRATE REDUCTASE
ACTIVITY IN COCONUT (COCOS NUCIFERA L.) LEAVES*
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Central Plantation Crops Research Institute, Kasaragod - 670 124, Kerala, India.

ABSTRACT

Induction of nitrate reductase (NR) activity by nitrate in leaves of low and high yielding
coconut palms was markedly different, requiring different levels of nitrate for optimum
induction. Ammonium enhanced induction of NR activity by nitrate, under both light and dark
conditions. Nitrate uptake was also enhanced in the presence of ammonium in the induction
medium. It is postulated that ammonium might bring about the activation of NR by binding to

. an allosteric site on the enzyme in addition to its role in inducing NR synthesis.

iNTRODUCTlON.
Nitrate reductase (NR) catalyzes the

rate-limiting reaction in the reductive.

conversion of nitrate to ammonium in all
higher plants. Nitrate has been shown to
induce this enzyme in nearly all systems
studied (Beevers and Hageman, 1969).
Since ammonium is the end-product of
‘the reaction sequence, it may be expected
to exert inhibitory effect on NR. How-
ever, the. effect of ammonium on NR
activity is reported to vary widely ranging
from no effect (Beevers et al., 1965; Ingle
et al., 1966; Schrader and Hageman,
1967; Oaks et al., 1977) to inhibition
(Townsed, 1970; Smith and Thompson,
1971; Radin, 1975;
Stewart, 1975) and .even stimulation
(Bayley et al, 1972; Mohanty \and
Fletcher, 1976). -

The nitrogen requirement of the

Orebanjo and

coconut palm is 500 g annually, This is.

given in the form of urea granules twice a
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year. Urea undergoes rapid hydrolysis to

ammonium in the soil, although the time
required for the complete conversion to
nitrate takes several days, depending
upon the soil conditions. The coconut
roots are, therefore, exposed to high
concen- trations of ammonium.

The present study was taken up to
understand the effect of variable concen-
trations of ammonium on the NR activity
and nitrate uptake in excised leaves of
coconuit.

MATERIALS AND METHODS

Leaf samples for the study were
collected from adult palms of West Coast
Tall -cultivar (WCT) growing in the Insti-
tute campus under scientific manage-
ment. Leaflets from the middle portion on
either side of the rachis of leaf mo. 14
were wiped clean and incubated with
their cut ends dipped in various induction
media under subdued light. Samples were
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yielders,

drawn out at regular {atervals for
analysis.

Nitrate reductase was assayed in vivo
by a modified method of Joworski (1971)
as described by Shlvashankar and
Ra]agopal (1983).

Nitrate uptake by leaves was deter-
mined by floating one gram of the leaf
discs on medium containing nitrate for 24

h. The nitrate that disappeared from the

medium was determined by spectro-
photometry (Cawse, 1967)

RESULTS AND DISCUSSION

Effect of nitrate concentration: The
course of enzyme induction at increasing
levels of nitrate in the medium is
presented in Fig. 1. The induction of NR
activity by nitrate in the leaves of high
yielders was markedly higher than that in

low yielders. The nitrate concentration
required for the maximum induction was

much less (80 mM) for high yielders than
that for the low yielders (140 mM),
Applying Michaelis-Menten postulates, it

is found that the Km for high yielders is

relatively lower than that of low yielders.
Since, the Km is a measure of the affinity
of the enzymes towards nitrate, it is
obvious that the high yielders are able to
utilize the available nitrate better than
the low yielders. Although, the response
of roots to similar conditions has not
been studied and the existing soil nitrate

- levels may be different from the experi-
mental conditions, the results do provide

an important insight into the pattern of
nitrate utilization, as the level of enzyme
is dependent within limits, upon the con-
centration and rate of supply of the sub-
strate to the tissue.

Effect of ammonium and benzyladenine
(BA): Inclusion of ammonium in the
induction medium containing nitrate en-
hanced NR activity up to 6 hours and
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Fig. 2. Effect of ammonium on the induction of NR activity. Nitrate control (4) Nitrate + 1 mM NH, (O);
Ammonium nitrate (@), Ammonium alone (0) and water ().

reached levels higher than those obtain-
able by nitrate alone (Fig 2). The en-
hancement was greater with ammonium
nitrate than that containing nitrate and
100 pM ammonium. However, in the
presence of only ammonium, the NR acti-
vity was far too low and declined conti-
nuously with lapse of time. The NR acti-
vity in others also was reduced at the end
of 24h, as compared to the nitrate
control.

BA also greatly enhanced the in vivo
NR activity. The level of activity with
nitrate was only marginally higher than
that with BA alone. When BA was used
along with nitrate, there was a further
enhancement of enzyme activity, thus
showing the additive effect of BA on NR
activity (Fig 3).

The results show that ammonium

enhanced the induction of NR by nitrate.
Hirchberg et al. (1972) showed that NR
protein synthesized de novo in response
to cytokinins. Subsequently Peterson and
Miller (1976) demonstrated that exo-
genously supplied ammonium increases
the biosynthesis of cytokinins in Vinca
rosea. The present findings when viewed
in the light of these reports show that
ammonium might be stimulating NR
activity by induction of synthesis of NR
protein via the biosynthesis of cytokinins.

In another experiment in which graded
levels of ammonium was used in the
assay medium containing increasing
concentrations of nitrate, it was found
that NR activity measured at the end of
one hour was considerably higher than
those containing either nitrate or
ammonium only. A Lineweaver Burk plot
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Fig. 3. Effect of benzyladenine on NR activity. (@) BA + Nitrate; (O) Nitrate (l) BA and (O)
’ Transferred from BA medium to water.
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'Fig. 4. Lineweaver-Burk plots for the acitity measured in nitrate medium containing graded levels of

ammonium. No ammonium (O), 40 uM ammonium (@), 100 uM ammonium (A)
and 200 uM ammonium ().
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Table 1. Nitrate uptake by excised leaf
discs.

Incubation Nitrate taken up at
medium the end of 24h.
(. moles. g™
fresh wt.)

0.5 mM KNO, 4.46

0.5 mM KNO; + pM NHy 6.82

0.5 mM KNO; + 100 puM NHy 6.89

0.5 mM KNO; + pM NHa 4.76

gave paralled lines with constant slope
and increasing Vo. The degree of stimula-
tion increased with increasing concentra-
tions of ammonium in the medium. How-
ever, when only ammonium was used
with no exogenously supplied nitrate, NR
activity was less than half of that in the
nitrate control. The lowered Km in
presence of both nitrate and ammonium
(Fig. 4) indicates that ammonium might
also bind to an allosteric site on the NR
protein to bring about the activation.

Ammonium upto a concentration of 100
pM in the medium also enhances the rate
of nitrate uptake by excised leaves.

(Table I). Thus, the results show that the

induction of NR by low concentrations of
ammonium and inhibition at higher levels
thus provides the plant with an efficient
mechanism to utilize both the pre-
dominant forms of soil nitrogen and also
to regulate the input of reduced N in the
cell.

ACKNOWLEDGEMENTS

We thank Dr. K.V. Ahamed Bavappa,
Director and Dr. A. Ramadasan,
Scientist S3 (Plant Physiology) for the
encouragement and facilities provided.

59

REFERENCES

BEYLEY, J.M., KING, J., and GAMBORG, O.L.
1972. The ability of amino compounds and
conditioned medium to, alleviate the reduced
nitrogen requirement of soyben cells grown in
suspension cultures. Planta 105: 26-32.

BEEVERS, L. and HAGEMAN, R.H. 1969. Nitrate
reduction in higher plants. Annu. Rev. Pl
Physiol. 20: 495-522.

BEEVERS, L., SCHRADER, L.E., FLESHER, D,
and HAGEMAN, R.H. 1965. The role of light
and nitrate in the induction of NR in radish
cotyledons and maize seedlings. P! Physiol.
40: 681-698.

CAWSE, P.A. 1967. The determination of nitrate in
soil solutions by ultraviolet spectrophotometry.
Analyst 92: 311-345.

HIRCHBERG, K., HUBRER, G. and BORRIS, H.
1972. Cytokinin induzierte de novo synthese
der nitrate reductase in embryonen von Agro-
stemma githago. Planta (Berlin), 108: 333-336.

INGLE, J., ROY, KW., and HAGEMAN, R.H.
1966. The regulation of the activity of enzymes
involved in the assimilation of nitrate in higher

. plants. Biochem. J. 100: 577-588.

JOWORSKI, E.G. 1971. Nitrate reductase assay in
intact plant tissues. Biochem. Biophys. Res.
Commun. 43: 1274-1279.

MOHANTY, B., and FLETCHER, ]J.5. 1976.
Ammonium influence on the growth and nitrate
reductase activity in Paul’s scarlet rose suspen- .
sion cultures. Pl Physiol. 88: 152-155.

OAKS, A., ASLAM, M. and BOESEL. 1. 1977.
Ammonium and amino acids as regulators of
Nitrate reductase in corn roots. Pl. Physiol. 59:
391-394.

OREBANjO, T.O. and STEWART, G.R. 1975.
Ammonium. repression of nitrate reductase
induction in Lemna minor. Planta 122: 27-36.

PETERSON, J.B. and MILLER, C.O. 1976. Cyto-
kinins in Vinca rosea L. crown gall tumor
tissue as influenced by compounds containing
reduced nitrogen. Pl. Physiol. 837: 393-399.

RADIN, J.W. 1975, Differential regulation of nitrate
reductase induction in roots and shoots of
cotton plants. P Physiol. 38: 178-182.



60 : S. Shivasankar and K.V. Kasturi Bai

SCHRADER, L.E. and HAGEMAN, R.H. 1967. SMITH, P.W. and THOMPSON, J.W. 1971,

Regulation of NR activity in corn (Zea mays L.} Regulation of nitrate in excised barley roots.

Seedlings by endogenous metabolites. Pl Pi. Physiol, 48: 219-223.

Physiol. 42: 1750-1756. TOWNSED, L.R. 1970. Effect of form of nitrogen
SHIVASHANKAR, S. and RAJAGOPAL, K. 1983. and pH on nitrate reductase activity in low-

Diurnal rhythm in the nitrate reductase activity bush blue berry leaves and roots. Can. J. Pl

of Cocos nucifera' L. leaves. Z. Pflanzen- Sci. 50: 603-609.
physiol. 112: 181-186. -



