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REVIEW 

EFFECT OF COMBINED NITROGEN ON NODULE 
FUNCTION OF LEGUMINOUS CROPS WITH SPECIAL 

REFERENCE TO TROPICAL SOILS 

BY 

• C. K. Jayasinghe 

ABSTRACT 

The effect of combined nitrogen on nitrogen fixation has been 
discussed by several investigators and fi om their findings it could be 
concluded that inorganic nitrogen may have either stimulatory, neutral 
or negative effect on nitrogen fixation depending on the type of legume 
and soil condition. -

It was reported in some instances that low levels ' of combined 
nitrogen especially when applied-as a "Starter" fertilizer at germina
tion, stimulates plant growth and enhances nodule mass, and nitrogen 
fixation. On the other hand when most of the legumes are grown in 
soil high in available nitrogen, the nitrogen fixation rate is severely 
affected. This phenomenon may become more, critical when legumes 
are grown as cover crops where non legume counterpart is fertilized 
with nitrogenous fertilizer. 

The degree of inhibition appears to vary with several factors 
viz. concentration of combined nitrogen, host species, cultivar, strain 
of root nodule bacteria, rate of inoculation, light intensity and tempera
ture. However, the most critical factor is the concentration of combined 
nitrogen and it has been shown that very low concentrations such as 
240 ppm N reduced the nitrogen fixation of bradyrhizqbia - legume 
symbioses whereas 80-100 kg of N ha-1 inhibited the nodulation and 
nitrogen fixation of" Vigna spp. totally. , It was further pointed out that 
extra caution should be taken when recommending nitrogenous fertilizer 
to mixed cropping systems in tropical soils as nodulation 
and nitrogen fixation of legume counter parts- such as Pueraria, 
Desmodium &. Mimosa were reduced to neglegible levels when 
140 ppm N was added to .Sri Lankan rubber soils.' 
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EFFECT OF COMBINED NITROGEN ON NODULE-

Inorganic (or available) nitrogen, applied as fertilizer or present 
m the soil itself through mineralization and organic nitrogen are referred 
to as combined nitrogen. The effect of combined nitrogen on nitrogen 
fixation has been discussed by several investigators (Franco, 1977; 
Gibson, 1976; Norris and Date, 1976; Kanehiro et al., 1983), and from 
their findings it could be concluded that there may be three possible 
effects of the inorganic nitrogen supply on nitrogen fixation.: 

(a) positive effects (stimulatory effects of low levels of combined 
nitrogen as starter doses). 

(£>) neutral effects 

(c) negative effects (especially with high concentrations) 

These effects have been further reviewed by Kanehiro et al, (1983) 
who proposed a schematic diagram to -explain the effect of different 
concentrations of combined nitrogen on nitrogen fixation. This model 
has been reproduced in Figure 1 with some modifications. 

STIMULATORY EFFECT . 

NO EFFECT 

b C SOIL A N D FERTILIZER N 

Figure 1: Schematic diagram showing the effect of combined nitrogen 
. on symbiotically fixed nitrogen (after Kanehiro et al., 

1983). 
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Stimulatory Effects 

Low levels of combined nitrcgen, especially when applied as 
a "starter" fertilizer at germination, frequently stimulates plant growth 
and-enhances nodule, mass and nitrogen fixation (Pate and Dart, 1961; 
Dart and Wildon, 1970.; Dart et al.; 1976; Summerfield et al, 1977; 
Agboola, 1978; Huxley, 1980; Minchin et al., 1981; Eaglesham ef al., 
1983). • :- • . 

For instance, Dart and Wildon (1970) found, that the optimal level 
of nitrogen in various forms (ammonium nitrate, potassium nitrate, 
ammonium sulphate or uiea) for nodulation, and nitrogen fixation in 
cowpea was in the range-of 1 to 9 mg -N plant-1. With regard to Vigna 
radiata, total nitrogen in the plant was stimulated by addition of up to 
30 kg N ha"1 (Dart et al, 1976). Eaglesham et al., (1983) pointed out 
that nodulation and acetylene reduction activities could be stimulated 
significantly in cowpea -by applying 36 to 72 mg N plant-1 . However, 
in' most of these experiments existing levels of soil nitrogen were not 
stated; tand hence it is difficult to asses the actual stimulatory concent
rations of combined nitrogen. 

'% Pate (1976) stated that many high yielding legumes possess a 
growth potential which connot be satisfied by even the most efficient 
type of symbiosis. Therefore, this might be the key factor which 
contributes to the stimulatory effects of combined nitrogen. On the 

. othei hand it is widely believed that application of "starter" nitrogen 
will satisfy the needs of the seedlings before commencing' the nitrogen 
fixation (Kanehiro et al., 1983). This results m a stronger plant with 
an extensive root system and more sites for root-nodule- bacterial 
infections. . -. 

Inhibitory effects 

It is well established that when legumes are grown-in soil high 
in ...available nitrogen, the nitrogen fixation rate is adversely affected. 
This, has been demonstrated as far back as 1917 (Wilson, 1917, cited 
by Franco, 1977) and more recently by Munns (1968), Dart et al., (1976), 
Eaglesham et al., (1983), Miller etal, (1982) and Graham and Scott (1984). 

•< "Inhibitory effects of high levels of combined nitrogen are signi
ficantly important in tropical soils as warm temperatures and moist 
conditions generally favour rapid nitrification if soil pH is favourable 
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(Kanehiro et al, 1983). Some tropical soils with a high level of N 0 3 - N 
ranging from 18 to 400 ppm have a marked inhibitory effect on nodula-
tion of legumes (Norris and Date, 1976). 

The phenomenon of high background soil nitrogen may become 
more critical when legumes are grown in mixed or multiple cropping 
systems where non-legume counterparts are fertilized with nitrogenous 
fertilizers. For instance, approximately 100 kg of N ha -1 Y~1 is recom
mended in Sri Lankan rubber plantations during the immature period 
of tree growth (first 4 years) where legume cover crops are also grown 
extensively. 

The decomposition of accumulated nitrogen-rich organic matter 
especially under pastures like P. phaseoloides can contribute signi
ficantly towards high soil nitrogen and high available nitrogen. 

Two basic classes of inhibitory effects on nitrogen fixing legumes 
have been described, the first relating to the initiation and development 
of nodules and the second to the nitrogen fixation activity of already 
functioning nodules. Although several hypothesis have been postu
lated, the mechanism of inhibition in each case has not yet been ade
quately defined. For instance, it has been suggested that nitrate^ 
inhibit the initiation and development of the root-nodule bacterial infec
tion thread inhibiting the production and curling of root hairs in the 
host (Munns, 1968, Kanehiro et al, 1983). They have also suggested 
the possibility of changes in indole acetic acid around the root hair 
being involved and/or competing for the photosynthates within the host, 
in explaining the inhibitory effects of nitrates. 

It has been pointed out that inhibition of R. leguminosarum bv 
thfolii infections on clover roots by nitrate nitrogen (15 mM N 0 3 - N ) 
may be due to the effect of nitrates on Trifoliin A, a compound which 
is believed to be involved in the recognition of specific rhizobia by 
clover roots. Trifoliin A is thought to recognise similar saccharide 
residues on R. leguminosarum by trifolii and clover and to cross bridge 
them (Dazzo and BriD, 1978). 

4 

In pea roots it has been reported that nitrates affect the accumula
tion of pea lectin and it's receptors on roots, and this inhibits the infection 
process (Diaz et al., 1981). However, changes in the chemistry of 
cell walls could have an important impact on the infection process as 
root-nodule bacteria must penetrate the cell wall to establish the infection. 
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The degree of inhibition 'appears to vary with several factors 
viz. concentration of combined nitrogen (Dart and Wildon, 1970; 'Miller 
et al, 1982; Jayasinghei 1986); form of nitrogen compound (Dart and 
Wildon, 1970; Eaglesham et al., 1983) host species (Alios and Bartholomew, 
1959; Eaglesham et al., 1983; Dansd and Eskew, 1984; Harper and 
Gibson, 1984;) Gibson, 1984; Jayasinghe, .1983) cultivar (Gibson, 1974; 
Miller et ai.,1982), strain of root-nodule bacteria (Pate and Dart, 1961; 
Franco, 1977) rate of inoculation- (Herridge et al,, 1984), light intensity 
(Dart and Mercer, 1965) and temperature (Gibson, 1974). 

However, the most critical factor is the concentration of combined 
nitrogen. For example, it has been shown with plants which were 
grown in agar, that 6 ppm nitrogen as nitrate (Norris and. Date, 1976) 
and 15. mM nitrate (Dazzp and Truchet, 1984) inhibited jthe nodulation 
of clover and 20 mM nitrate inhibited the nodulation of pea (Diaz et al., 
1981). The nodulation of Pueraria phaseoloides was completely inhibi
ted when they .were grown in seedling agar incooperated with 44.8ppm 
N as'NH 4 N 0 3 (Jayasinghe, 1986). ' : .' ' ' 

Several, investigations have been carried put on this aspect under 
glass house and field conditions and some findings relevant to biadyrhi-
zobia are highlighted here. Dart and Wildon (1970) showed that 
nitrogen concentrations such as 240 ppm pot - 1 reduced the nitrogen 
fixation of Bradyrhizobium legume symbioses. Further it has been 
reported, that there was no advantage in the application of nitrate in 
promoting nodule mass or acetylene reduction activity in three cultivars 
in cowpea in Texas (Miller et al, 1982). With regard ' to Vigna radiata 
and Vigna mungo, mtrogen fixation of both crops was reduced with 
the addition of combined nitrogen, resulting in virtually no fixation 
at 80-100 kg of N ha"1 as NH 4 N0 3 . 

It is interesting to note that both nodulation and nitrogenase 
activity of Pueraria phaseoloides, a common cover crop of rubber 
plantations declined significantly (P < 0.05) beyond .the addition of ,70ppm 
N as NH4NO3 to rubber soils in Sri Lanka and completely inhibited at 
a concentration around. 140 ppm N (Jayasinghe, 1986). Furthermore, 
Jayasinghe (1986) reported that nodulation and nitrogenase activity 
of legume cover crops, Desmodium ovah folium and- Mimosa, invisa were 
also reduced to negligible levels when N was added to same soils at 
a concentration around 140 ppm. \ All these findings reaffirmed that 
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it should, be cautious when recommending nitrogen fertilizer mixtures 
to non-legume counter part in mixed cropping systems, if symbiotic 
nitrogen fixation to be utilized efficiently in tropical soils. 

REFERENCES 

Agboola, A. A. 1978. Influence of soil organic matter on. cowpea's 
response to N fertilizer. Agron. J. 70 ;•• 25 — 28. 

Alios, H. F. and Bartholomew, W. V. 1959. Replacement of symbiotic 
fixation by available nitrogen. Soil Sci. 87: 61 — 66. 

Danso, S. K. A and Eskew D. L. 1984. Enhancing biological nitrogen 
fixation. IAEA Bulletin 26: 29 — 33. 

Dart P. J. Day, J. M., Islam, R. and Johanna Dobereiner, 1976. Symbiosis 
and tropical grain legumes: some effects of temperature and the 
composition of the rooting medium, in 'Symbiotic Nitrogen 
Fixation in Plants'. (P. S. Nutmaned.) Cambridge Univeisity 
Press, London, pp 361 — 383. 

Dart, P. S. and Mercer, F. V. 1965. The effect of growth- temperature, 
level of ammonium nitrate and light intensity on the growth and 
nodulation of cowpea (Vigna sinensis ENDL. Ex. HASSK.) Aus. 
J. Agric. Res. 16: 321 — 345. 

Dart, P. J. and Wildon, D.i C. 1970. Nodulation and nitrogen fixation 
by Vigna sinensis and Vicia atropurpurea: The influence of 
concentration form and site of application of combined nitrogen. 
Aust. J. Agric. Res. 21: 45 — 56. 

Dazzo, F. B. and Brill, W. J. 1978. Regulation by fixed nitrogen of host 
symbiont recognition in the Rhizobium clover symbiosis. 
Plant Physiol, 62; 18—21. 

Dazzo, F. B. and Truchet, G. L., 1984. - Attachment 'of nitrogen-fixing 
bacteria to roots of host plants. In 'Current Developments in Bi 
ological Nitrogen Fixation'. (N. S. Subba Rao ed.) Edward 
Arnold, New Delhi, pp. 65—99.̂  

(26) 



C. K. JAYASINGHE 

Diaz.. C , Kijne, J. W. and Quispel, A. 1981. . Influence of nitrate on pea 
- root cell. wall composition. In.'Current'Perspectives in Nitro

gen Fixation'. (A . : H. • Gibson and W. E. Newton eds.) Australian 
\ -' Academy of Science, Canberra pp.426. - ,-

Eaglesham,. A. R. J., Hassouna^S. and Seegers, R.- 1983. Fertilizer-N 
'effects on nitrogen fixation by cowpea and soybean. Agron..'.J. 
25: 61—66. - ' -. 

Franco, A. A. 1977.' Nutritional restraints for tropical grain legume 
symbiosis in 'Exploiting the Legume — Rhizobium symbiosis in 

'. Tropical Agriculture. (J. M. Vincent, A...S. Whitney and. J. Boss 
eds.). .University of Hawaii., pp. 237—252. ; 

Gibson, A. H. 1974. Consideration of legume as a symbiotic association 
Indian Nat: Sci. iAcad; Proc; 40B: 471—767.: ' ; I 

Gibson, A. H. 1976. Recovery and Compensation by nodulated legumes -
to environmental-stress, in' Symbioticn itrogen fixation in plants 
(P. S. Nutman ed.) Cambridge University Press,-.London.,pp. 
305—403. 

Graham, R. A. and Scott, T. W^"1984. Response of cowpea (Vigna 
unguiculata L. Walp.) /to 'nitrogen and^inociiiatiori ''in-Trini^aid. 

1 Trop. Agric. 61: 56—58. * •'"•"''. 

Harpei, J. E. and Gibson, A.-H. 1984, ' Differential; nodulation tolerance 
to nitrate among'legume species. Crop Sci. 24: 797—801. ; 

Herridge, D.F., Roughley, R.J. and Brockwell, J. 1984.; Effect of.fhizbbia 
and soil nitrate- on the establishment and funtfioningof the* soybean 

- symbiosis in the field. Aust. J. Agric. Res. 35: 149—161. ; 

Huxley, P. A. 1980. . Nitrogen nutrition of cowpea {Vigna unguiculata) 
. IV—Uptake and distribution of a single. dose of early applied 

nitrogen. Tiop. Agric. 57; 193—202', 



EFFECT OF COMBINED NITROGEN ON NODULE 

Jayasinghe, C. K. 1986. Legume root nodule bacterial associations 
in the cover crops of rubber plantations in Sri Lanka, i A dis
sertation presented in fulfilment of the requirements of the degree 
of Master of Science in Agiiculture. University of Western 
Australia, 1986. 

Kanehiro, Y., Walker, J. L. and Asghar, M/1983. Edaphic factors, in 
'The Role of Centrosema, Desmodium and Stylosanthes in Impro
ving Tropical 'Pastures'. (R. L. Burt, P. P. Rotar, J. L. Walker and 
M. W. Silvey eds.). -Westview Press, Colorado, pp. 197—219. 

Miller, J. C , Scott, J. S., Zary, K. W. and O'hair, S. K. 1982. The influence 
of available nitrate levels on nitrogen fixation in three cultivars 
ofcowpea. Agron. J. 74: 14—18. * 

Minchin, F. R.,- Summerfield, R. L.,Neves C. P. 1981 rNitrogen nutrition of 
cowpeas (Vigna unguiculata): effects of timing of inoiganic nitrogen 
applications on nodulation, plant growth and seed yield. 
Trop. Agric, 58: 1—12. 

Munns,' D. N. 1968. Nodulation of Medicago sativa in solution culture. 
IE. Effects of nitrate on root hairs and infection. Plant Soil 29: 
33—47. 

Norris, D. O. and Date, R. A. 1976. Legume bacteriology, in 'Tropical 
Pasture Research, Principle and Methods (N. H. Shaw and W. W. 
Bryan eds.) Alden Piess, Oxford. pp. 134-̂ -174. 

Pate, J. S. 1976. Physiology of the reaction of nodulated legumes to 
environment, in 'Symbiotic Nitrogen Fixation in Plants'. (P.S. 
Nutman ed.) Cambridge .University Press.' pp. 335—360. 

Pate, J. S. and Dart, P. J. 1961. Nodulation studies in legumes. IV. The 
• influence of inoculum strain and time of application of ammonium 

nitrate on symbiotic response. Plant Soil.15 :329—346. 

Summerfield, R. J., Dart, P. J., Huxley, P. A., Eaglesham, A. R. J., Mindhin, 
F. R. Day, J. M. 1977. Nitrogen nutrition of cowpea (Vigna 
unguiculata). I. Effects of applied nitrogen and symbiotic nitrogen 
on grow+h and seed yield.. Exp. Agric. 13: 129—142. 

(28) 


