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ABSTRACT

A wide range of incubation times from a few minutes to severl hours
have been used with different plant systems in investigations on acetylene
reduction assays. However, the duration of incubation period is of utmost
importance in cbtainiag nitrogsn fixation estimates using this technology,

Time course experiment showed that acetylene reduction by nodules of
P. phaseoloides and D, ovalifolium started without a lag but rate of the
nitrogenase activity was reduced 4 hours after incubation while M. invisa showed
a considerable activity even at the 8th hour of incubation. In the second
experiment which was conducted to observe the relationship between acetylene
reduction activity and incubation time upto one hour, there was a linear

aelationship for both P. phaseo)oides (r =+ 0.9832) and D. ovalifolium
(r = + 0, 9961),
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INTRODUCTION

The observation that acetylene is converted to ethylene by the nitrogen
fixing enzymes and that acetylene is an inhibitor for nitrogen fixation (Dilworth,
1966; Schollhorn and Burris, 1967) provided the basis for the development of

acetylene reduction (AR) assay as an indirect method for assaying biological
nitrogen fixation,
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Although certain drawbacks exist in this methodlogy (Hardy et al., 1973;
Knowles, 1981; Larue and patterson 1981; Herridge, 1982; Minchin et al.,
1983; Witty ef al , 1984) many studies have been accomplished with the aid
of this technique. Acetylene reduction activity in legume root module bacterial
symbioses has served as the main or suplementary criterion in various types ‘of
comparison studies and the assessment of nitrogne fixing performance (Minchin
and Pate, 1974; Ayanaba and Lawson 1977; Zary and Miller, 1980; Hardarson
et al. 1981; Eaglesham et al., 1982; Jessop et al., 1984; Jakobsen, 1985; DuTean
et al., 1986, Miller er al., 1986).

During this assay,.the system under study is enclosed in a gas tight
container exposed to an atmosphere containing acetylene., A sample is taken
after a sujtable incubation period and analysed for ethylene "using a gas
liquid chromatograph fitted with a flame ionization datector.

A wide range of incubation times from a few minutes to several hours
have been used with different plant systems in investigations on AR assays.
For instance 30 minutes incubation period has been used for Glycine max
(Mague and Burris, 1972; Patterson and La Rue, 1983), 30 - 60 minutes for
Lupinus spp. (Trinick et al., 1976) aud three hours for Vigna radiata (Talekar
and Kuo, 1979). The principal factors requiring attention in determining the
(ncubation period for the experimental systems are; non-linear ethylene produ-
ction in long incubajion due to 0, depletion (Hardy et al., 1968), energy
depletion, depression of nitrogenase and production of inbibitory products
(Masterson aad Murphy, 1980).

- Therefore, the incubation period should be determined after considering
the nature of the test plant, This is of utmost importance if these assays are
to be used to obtain nitrogen fixation estimates.

For example, the AR assay and le technique were compared for
measuring symbiotic nitrogen fixation by Trifolium repens in established pasture
Goh et al., 1978). These authors reported that a three hour iucubation time
in the AR assay gave the best estimate of symbiotic nitrogen fixation relative
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to the N 13 technique. One hour incubat.on over estimated and six hour incuba-

tion under estimated the rate of symbiotic nitrogen fixation.

In this paper we report results of time course studies with three common
cover crop legumes viz. Pueraria phaseoloides (Roxb) Benth.,  Desmodium
ovalifolium (Prain) wall ex Ridley and Mimosa invisa. (Mart ex.) in rubber plantations
of Sri Lanka in order to determine the most suitable time of incubation for
AR activity assays.

MATERIALS AND METHODS
Test plants

P. phaseoloides, D. ovalifolium and M. invisa were used as test plants,
Preparation of samples

Plants were removed from the soil and the whole root system with
nodules was incubated after gently shaking off the sand.

Tncubation

Root systems with intact nodules were placed in 1000 ml assay containers
and the reaction was initiated by injecting 109 commercial grade acetylene.
Gas samples were withdrawn and assayed at 15 minute and one hour intervals
in short term and long term experiments respectively. All the containers were
maintained at a constant temperature around 26°C throughout the incubation
period. Four replicates were used in all the experiments where observations
were made at hourly intervals and three replicates were used for other experi-
ments.

Gas chromatography

Separation of acetylene and efhylenc was achieved on a porapak N glass
cofumn (80 - 100 mesh) run at 100°C in a Packard Model 642 chromatograph
with a hydrogen flame ionization detector. The temperature of the injector and

detector were 130°C;and 190°C respectively. One millilitre samples were
used for analysis,
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RESULTS

The results of the experiment are given in graphical form in figures
1, 2 and 3.

DISCUSSION

The rate of acetylene reduction aetivity (/u moles ethylene produced per
gram nodule dry weight) was reduced four hours after incubation in both
P. phaseolides and D. ovaIi‘folium (Fig. 1a and 2 a). M. invisa showed consider—
able acetylens reduction activity even at the 8th hour of incubation, but the
rate was reduced thereafter (Fig. 3). This stabilization in the activity after a
certain period of incubation may be due to oxygen depletion as showed by
Hardy et al., (1968) for nodulated soybean root systems,

When acetylene reduction activity was correlated to incubation time
the - correlation coefficients for M. invisa was +0. 9675 up to the 8th hour of
incubation, But correlation coefficients for P. phaseoloides and D. ovalifolium were
+0. 9333 and 40. 9442 respectively up to two hours incubation period. No
further increase in the rate of the acetylene reduction activity was detected
for all three crops beyond 8 hours incubation periods.

' In the short term incubation up to one hour, there was a linear relation-
ship for both P. phaseoloides and D. ovalifolium (Fig. 1 b and 2b). The correlation
coefficient for P. phaselides was +0.9832 and 40,9961 for D. ovalifolium.

These results are generally in agreement with the findings for other
crops such as Glycine max (Hardy et al., 1968; Mague and Burris, 1972), Vigna

radiata (Talekar and kuo; 1979) Lupinus spp. (Trinick et al., 1976), For instance,
Lupinus spp. samples on days of uninterrupted sunshine showed a linear reduction of
acetylene with time for periods greater than 2 hours (Trinick ef al.,, 1976). Hardy
et al., (1968) demonstrated that the rate of acetylene reduction by nodulated
roots or root soil cores of Glycine max was constant up to 60 minutes. Further,
it was reported that for Glycine max production of ethylene was linear for
abouut 80 minutes and continued at a decreasing rate for at least 7 hours
(Mague end Burris, 1972). '
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Figure 1. Time ~ course of acetylene
reduction by P. phaseoloides measured at hourly {a) and 16
minute {b) intervals.

53




1004 ,
-
g 80“ 6/1 4
> e
S 60+ [_o”*
Q o~ 1
g i
7] r/
g o
a 40- /‘
2 |
Q.
s 5
(SJ 20" _/A’
38
[=]
E T T T T 1 1} ¥ ] L
< I 2.3 4 5 6 7 8 9 10 1
INCUBATION TIME {hours)
40,

30+ . /
20- i

o)

/Fmso LINE EQUATION
UP TO 60 mins

r0.9961

10}

10+

Mmoles CoHg
PRODUCED/G DRY NODULE

15 30 45 60
INCUBATION TIME (Minutes)
Figure 2. Time — course of acetylene reduction by D.

ovalifolium measured at hourly (a) and 15 minute (b)
intervals.

P ]

im A mde aa al e 2 arimms i s

¥ SO S N



e U T

3 ;7 ovow s

A Sl A aee g e S R A s S

Y

T T

18 moles CoH4 PRODUCED/G DRY NODULE

280~

240+

2001

160 -

120+

804

FITTED LINE EQUATION UP TO 8 hrs

r0.967

2 3 4 5 6 7 8 9 10
INCUBATION TIME (hours)

Figure 3 Time — course of acetylene
reduction by M invisa measured at hourly intervats

™
L]




REFERENCE

Ayanaba, A. And Lawson, T.L. 1977. Diurnal changes in acetylene reduction in
field grown cowpeas and soybeans.
Soil Biol. Biochem, 9: 125- 129,

Dilworth, M. T. 1966. Acetylene reduction by nitrogen fixing preparations from
Clstridium pasteurianum. Biochemica et. Biophysica Acta. 127: 285 - 294,

DuTean, N. M., R. G. Palmer and A. G. A:therly; 1985. Fast - Grewing
Rhizabium fredii are poor Nitrogen - Fixing Symbionts of soybean. Crop Sci.
26: 884 - 889.

Eaglesham, A  R.J., Ahmad, M. H., Hassouna, S and Goldman, B. J. 1982.
Cowpea rhizobia producing dark nodules: use in competition studies.
Appl. Environ. Microbiol. 44: 611 - 6I8

Goh: K.M., Edmeades, D. C. and Robinson, B. W. 1978. Field m:asurement

of symbiotic nitrogen fixation in an established pasture using acetylene

15 method.

Soil Biol. Biochem. 10: 13 - 20,

reduction and a N

- Hardy, R, W. F.,, Burns R,C. and Holsten R. D. 1973, Application of
Acetylene ethylene assay for measurements of nitrogen fixation. Soil
Biol. Biochem. 5: 47 - 81,

Hardy, R. W F., Holsten, R. D, Jackson. E: A. and Burris, R. C. 1968,
The acetylene ethylene assay for measurements of nitrozen fixation:
laboratory- and field evaluation. Plant. Physiol. 43 1185 = 1207,

Herridge, D, F. 1982, Relative abundance of ureides and nitrate in plant tissues
of soybeans as a quantitative assay of nitrogen fixation: Plant Physiol
70: 1-6.

56

At L . A a2 b i e ko 4

- h ah i s .

PR U Wl i SU Ui, W G S S

L

P

I




Jakobsen, 1. 1985. The Role of phosphorus in Nitrogon Fixation by young
pea plants (Pisum sativum).
Physiol. Plant 64: 190 - 196.

Jessop, R.S., Hetherington, S.J. and Hoult, E. H. 1984, The effect of soil
nitrate on the growth, nodulation and nitrogen fixation of chickpeas
(Cicer arletinum) Plant and Soil 82: 205- 214.

Knowles, R. 1981. The measurement of nitrogen fixation. in ‘Current perspec-
tives in Nitrogen fixation’, "(A.H. Gibson and W. E. Newton eds.).
Australian Academy of Science; Canberra, pp. 327 - 333,

LaRue, T. A, and patteriibn, T. G. 1981. How much nitrogen do legumes
fix? Adv, AGron. 34 15 - 38.

Mague, T. H. and Burris, R, H. 1872, Reduction of acetylene and nitrogen

by field grown soybeans.
New Phytologist 71: 275 - 286.

Miller; J. C., Zary, K, W. and Fernandez G. C. J. (1986).
Inheritance of nitrogen fixation efficiency in Cowpea.
Euphytica 25: 551 - 560.

Minchin; F. R. and Pate, J. S. 1974. Diurnal functioning of the legume root
nodule. J. Fxp. Bot. 25: 295 - 308.

Minchin, ‘F. R.. Witty, J. F.; Sheehy, J. F, and Muller, M. 1983. A major
error in thc acetylene reduction assay: decrease in nodular nitrogenase
activity under assay conditions. J. Expt. Bot. 34: 641 - 649,

Patterson, T. G. and LaRue, T. A, 1983. Nitrogen fixation by soybeans: seasonal
and cultivar effects, and comparison of estimates.
Crop Sci. 23. 488 - 492.

Scholthorn, R, and Burris, R. H. 1967. Acetylene as a competitive inhibitor of
nitrogen fixation. proc, Nat. Acad, sci, U.S. A. 88: 213- 216.

Talekar N, S, nad Kuo, Y. C. 1979. Acetylene reduction (N2 ~ fixation)
studies with mungbean, Trop. Giain Leg Buil. 15: 9. 14.

57




Trinick, M. J., Dilworth, M.J. and Grounds M. 1976,  Factors. affecting the
reduction of acetylene by root nodules of Lupinus species.
New Phytol. 77: 359 - 370.

Witty, J. F,, Minchin, F, R., Sheehy, J. E. and Ines Minguez, M. 1984. Acety-
~ lene- induced changes in the oxygen diffusion resistance and nitrogenase
activity of legumc root nodules, Ann,. of Botany 53: 13 - 20.

Zary, K W, and Miller, J. C. 1980. The influence of genotype on diurnal and
seasonal patterns of nitrogen fixation in southern pea Vzgna unguiculata (L)
Walp.) J. Am. Soc. Hort Sci. 105: 699 - - 701.

" ACKNOWLEDGEMENT

The authors wish to thank Mr. D. 8. Wettasmghe aud J. L P. C. Wottasinghe
for their technical assistance.

A A el -am e be lead

e



