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MEASUREMENT OF NITROGEN FIXATION

S. P Wani
International Crops Research Institule for the Semi-Arid Tropics
(ICRISAT), Patancheru, P.O., Andhra Pradesh-502 324, India.

Measuremen! of biological nitrogen fixation (BNF) is essenlial 1o
select host cultivars and microbial strains eficient in nitrogen fixation and
lo study the effects of biological and environmental faclors on BNF.
Methods for measurement of BNF include: growth in  N-free or N-de.. -
cien! systems, morphological delerminations, N analysis (including isolopic
methods), metabolic product determinations, and reduction of allernale
nitrogenase substrates. As each method has certain limitations, advan-
Lages, lhe choice of a particular melhod depends on the objectives of the
study. - o

In earlier studies, increased growth as biomass or optical density
in N-free media were used as the simplesl criteria in classifying nitrogen
fixers. It is now generally agreed that this approach is not a satisfactory
criterion for nitrogenase activily as it oflen resulls in erroneous classifi-
cation (1). Some organisms, with a low N requirement bul effivient un
szavenging 'races of combined N in a medium, ocan grow in a relalively
N-deficient medium (2). Conversely, some Ny-fixing bacteria canno!
grow on a medium completely devoid of combined N (3). The presence
of specialized cells called heterocysts has been correlated with Ny fixation
by blue green algae; however, N fixation occurs in uniceilular algae, and
in a filamentous alga devoid of heterocysts (4).

Acelylene reduction assay (ARA) is an indirect, simple method,
more sensilive than the "N and Kjeldehl methods. The relationship bet-
ween the rate of reduction of CzH: and that of Ny varies with the experi-
mental conditions and is seldom experimentally determined (5). Bacterial
oxidation of ethylene can reduce the ARA values, and anerobic produc-
tion of ethylene can increase them.

Several modifications have been introduced in sampling procedures
and assay chambers for ARA. At ICRISAT, a planted core asmay tech-
nique has been developed for field-grown millet and dorghum plants, tak-
ing into consideration the factors respwisible for low and viviable nitro-
genase aclivity estimated by the swil-crne assay (6). Similasly, tube and
pot assay lechidiques have been develop. .. flor intact plant assu ss (7). Lines
of chickpea, groundnut, pigeonpes, pea.! millet, and sorghw.. have becn
screened for Ng-ase activily, using AR. tlechniques (7, 8). TIiurnal and
seasomral vaniations in Nz-ase activily of groundnut, peas] milict, and sor-
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ghum were recor 'd (6,9) and effecls of ' ~hi, \emperature, misfure,
and combined N o Vi-ase activily of 4 se ¢ ps | 1ve been study 4 (7, 9).
Using ARA, Na-fixation by chickpea cv- K850 has heen estimated as 2 kg
N/ha/season at ICRISAT Cen're and 41 kg N/ha/season @t Hisar (10). Des-
pite the limitations of the ARA technigue, it will be the preferred 'echni-
que for the study of Na-nse aclivily becanse of its simplicity and high sen-
.sil':vily. Its use should be restricled lo qualitative and comparmtive eva-
luations and cerlain precautions should be fo'lowed. ARA s a shori-tenn
measurement of the envyme activity, and t  eflects of various environ-
mental and other factors affe ting ARA malk Is quantification and cxtm-
polation to lotal N; fixed over a gruwing season questionable,

Methods based on N analysis are more reliable and direct measure
of BNF, but their main limtiation is low sensilivily. Several approaches
us'ng N analysis namely, increment in N accretion in plamts grown in N-
‘ree conditions, nitrogen balance studies, and difference method, have
been used for BNF measurements. Pot culture studies with finger millet,
forage grasses, paddy, pearl millet, sorghum have shown positive N balances
from inoculation; they have been used lo study the effect of factors like
ccmbined N on BNF (7,11).  Reporled estimates of BNF with cercals
and gnasees, based on N balance in po's and fields, have vanied from 11-148
kg N/ha (12). Such experiments are difficult to conduct under field condi-
tions; they need o continue for more than one svason and require rigo-
rous soil sampling.

The Kjeldahl or dumnas methods estimate total nitrogen in a sample;
they do not distinguish between N obtained from BNF and N obtained
fitom othir sources. With legumes, attempls have been made to accoun!
for N f¢r other sources than Ng, using noninoculated or nonnodulaling
legume or cereal controls (13, 14). The basic assumption in using the
difference methed is that N, fixing and reference plants have similar sea-
conal pa'lerns of soil N uptake. Thus, if the yield of the lest crop exceeds
that of the reference planl, the difference is allmibuted to  Nyp-fixalion.
However, increased total plant N may be frem other faclors, such as in-
creased efficiency of fertilizer or soil N use from alenation of rooting ha-
bits, in addition to BNF. Pigeonpea cullivars of differen! maturily fixed
4-69 kg N/ha using long-duration sorghum, and nodulated groundnu! cul-
tivars fixed 178-184 kg N/ha per season using sorghum or nonnodulaling
groundnut as reference crops (8, 15). With soybeans, eslimated N lixa-
tion (167 and 198 kg N/ha at two siles) was the same using the difference
and isotope dilution methods (16), whereas in other comparison studies
difference method gave lower estimates of BNF and was found consis-
tently less precise than the isolope dilution technique (17).
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The stable, heavy isolope of mitrogen ('*N) is used as a tracer in
BNF investigations. In direc! "N inconponation studies, planls are ex-
posed to '*N; and after incubation, plant tissues are examined for the com-
cen'rations of the heavy iwlope. Such studies with cervals and tropical
grasses using '""N. have been summarized (12).  This method is a direet
measure of BN}F and also provides information on the amount of tixed N
transferred lo the host in asociative N fixalion or from fixing plant 1o
nonfixing plant in intercropped sysiems. This method is not relevant o
field experimen!s because of the difficully, in enclosing 'big plants in an-
light containers a large quantity of "N, is required. [t 'can be used 1o
establish the ratio of ARA 10 N; fixalion in the systems. The isolope (‘*N)
dilution technique gives integrated eslimates of N, fixation over the gio-
wing season in field or pot studies. In a cnitical review of the use of iso-
tope dilution technique in BNF estimations (14), it has been emphasized
tha! this apprcach to measuning N. fixalion is ‘based on sevenal assump-
ticng, the validily of which has no! often been established. ' Evidence is
accumulating to suggest that enrors in such est‘mation may be greater than
is generally believed. Lebeling techniques, such as the chemical and
physical 'form, "*'N ennichment, time, rate, and method of application
of the isotope have significant effec! on estimates of N fixation. The sele-
cticn of proper reference plant ‘also has a significant effect on estimates of
N2 fixation. Available literature indicales significantly differen! estimates
of N2 fixed' from using different reference plants. The require-
men! for an ideal reference plant when faced w:th declining
N entichment in the soil has been well described (18). The use
of treatments which stabilize '*N enrvichment in the plant's available soil
N has also been recommended (18). Pigeonpea plants dexiived 869 of
their N in plant lops (66 kg ‘N/ha), in. compared with 0% in a long-dura-
tion sorghum cultivar (15). In pot studies, lines of sorghum ‘and pearl
millet varied in their N.-fixing polential, and as nuch as 27% of lotal
plant N in sorghum line IS 801 was derived from BNF in, compared with
0% in IS 3003.

The "A value” methoal has been used (19) lo estimate N inpuls
through BNF.. As "A value” expression is dependent on fertilizer addi-
ticn rates and fertilizer N recovery by the fixing plant, errors can be
introduced by fertilizer N losves. Seviral siudics have shown that “A
values” for reference plants do vaiy wi .. inc.casing rates of N ad.itions,
but the resulls have no! been consistent \14).
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