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Significant amounts of N) fixed by legu:nc crops are un
doubtedly incorporated into the soil, but specifically how 
much? The total N) fixed by a parlicuiar legume inciuces not 
only the fix~d N l in the harvested portio .. of the above
ground biomass, but :llso the fixed N: in the leaves and 
stems returlcd to the soil, as well as that in the roots, 
nodules and root exudates. Most estimate~ of N) fixatIOn arc 
bas.:d solely on the aboveground plant material, and the N 
contribution to the soil is generally ignored (Nutmall, 1976; 
La Rue and Patterson, 1981). Both the N balance 
(difference) and the lIN fertilizer dilution techniques employ 
non-filling plants as controls. The controls are lIsed to 
account for the uptake of unlabeled soil N and make 
analysis of soil for total Nand atom% "N unilec.:;;sary 
(Rennie <.'1 al., 1978; La Rue and Patterson, 1981; Witt~, 
1983). This avoidance of soil N analysis is understandable 
since the techniques available for soil N analy~is, when 
coupled with spatial variability, make it difficult to measure 
increases in a large and variable pool of N. 

The difference between tile natural abundance of soil lIN 
and atmospheric N2 atom% lIN (the delta technique) can be 
used to measure thc incorporation of fixed N) into soil 
(Amarger <'I al., 1979), but is fraught with difficulties, 
including thc :malytll:al problems of measuring small 
differences. Other problems include variations in soil 
atomo/, lIN with depth (Steele el al., 1981), and iucation in 
a field. The task is complicated further by the enrichment of 
lIN during plant decomposition (Turner I!I al., 1983) and 
plant N uptake (Kohl and Shc:arer, 1980). These factors 
combine to make it difficult using the delta technique to 
discern the amount of N a legume crop <Jdds to the Soil. 

To quantify the amount of ftxed Nl incorporated into the 
soil, we used a soil which had been enriched with IlN. The 
soil had been in Iysimeters which were heavily iertilized with 
(lINH.hSO. for 2 yr between 1973 and 1975 (Focht an,i 
Stolzy, 1978). The soil was removed from the Iysimctcrs 
during the summer of 1981. Over the years the lIN applied 
had become relatively uniformly incorpor:lted into the soil 
organic maller as verified when the soil was used, in a 
greenhouse study, to directly estimate N2 fhation by Ca
j/Jnlls cajan (pigeon pea) via analysis of plant matenal for 
IlN enrichment (La Favre and Focht, 1983a). Using lIN 
labeled ~0il has several advantages over the use of lIN 
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enriched fertilizer. The lIN rertilizer proce<hue relies on 
comparing the subject plant with some nonfixing control. 
This is essential since there are three sources or N in a 
lab.:led fertilizer :-ll fiX<ltion e~pcriment: the fertilizer, the 
soil and the atmosphere. The control plant is used to correct 
for plant N derived from th~ soil. A modified isotope 
dilution calculation is then performed (Boddey ~I al., 1984; 
Rennie, 1984; Ledgard el al., 1985). With labeled soil this 
is unnecessary since the principles of isotope dilution can be 
directly applied (i.e. no control plant is necessary) to 
aCC0unt for fi~ed N incorporated into the plant (Chalk <'I (d., 
19:0; La Favre and Focht, 1983a) as well as the soil. The 
analysis of the soil used by La Favre and Focht (1983a) 
to grow pigeon pea affords an opportunity to quantify the 
amount of ft~ed N2 which is incorporated into the soil by 
direct lIN dilution and is the topic of this report. 

The system used to grow pigeon pea has been described 
by La Favre and Fo-:ht (1983a). The plants were grown in 
PVC columns (30 cm dia x 90 cm) in lIN enriched soil 
(86 kg-soil per coluntn). This soil was low in N (0.042%) and 
had demonstrated a very low denitrification potential 
(Focht and Stolzy, 1978). Columns for all treatment were 
amended with CaSO.· 2H:O, 0.96 g; Ca (H1PO.)· 2H10, 
2.04 g; and K1SO., 4.46 g. A range of rhizobi" strains with 
dilf'!rent N) fi~ation efficiencies (H) uptake, Schubert and 
Evans, I Q(6), were used to inoculate the plants. In addition, 
there were N fertilized and unfertilized controls which were 
not inoculated bllt were nod ulated by inefficient indigenous 
soil rhizobial strains. Each treatment was replicated f.ve 
times, and the plants were grown in the greenhouse for 
225-252 days. At the end of the experiment the shoots were 
harvested, and the soil removed from each column. Coarse 
root material was removed a-nd the sui! was air dried and 
stored. Soils were sieved «2 mm) before chemical analysis. 
Two samples from each column were then analyzed for total 
N and lIN content. Total soil N was determined by Kjeldahl 
analysis (Bremner and Mulvaney, 1982). The lIN content of 
the soil was determined by mass spectrometry following 
digestion and steam distillation (La Favre and Focht, 
1983a). 

The soil lIN enrichment determined from stored un
planted soil samples was 0.458 atom% lIN, a value which 
docs 'lot differ significantly (two-tailed I-test, iI == 0.05) from 
that determined by La Favre and Focht (1983a). The 
significantly reduced atom% liN values (two-tailed I-test) 
for the soil after the C. cajan final harvest indicates a 
substantial soil N input (Table I). The input is due to N! 

.-' 



126 Short communications 

Table I Compui~on ryf thed N, incorporalion inlo Ihe abo'eground crop (C,,;anw cajun I 
and soil as dircclly measured by "N dilullon -------------------- Soil N' N,.fiulion' 

Rhi:ohium l ------- Crop Soil 
slrain alom~~ "N "IoNf (mg N kg -I soili (kg ha ~ I) 

pm 1.433 ± 0~006 27.2 423 ± 17 134 148 
PI48 (}.429 ± 0.003 31.5 4)0 ± 10 /I~ 179 
IiPI47 0.432 ± 0.0 I 0 28.3 418 ± 12 96 15) 
401 0.434 ± 0.005 26.1 428 ± 14 105 144 
None, -N 0.431 ±O.OI2 29.) 423 ± IJ 67 160 
None, +N 0.423 ± 0.005 NO' 439 ± 16 NO' NO' 

I Uninoculaled plants were nodulated by indigenous soil rhizobia. 
' .. \tom% "N measured ~y mas.s spcc'rometry. Mean ± SO are given for atom% and total 

N detenninations (n ~ 5). ACI atomo/. "N are signifiClintly less Ihan [he enrrchmenl 
before planling of 00458 ± 0.012 alomo/. liN (2 ~ 0.05). "I.Nf is the percenl soil N 
derive<l from fiulion as defined by equal ions in Ihe [ell. 

'NOI delennined since Ihe addilion of fertilizer N (3.0 g-N planl-I, as lNH,hSO,) prcdudes 
"N esdmation of dinitrogen fixed. 

'Assuming a pl~nt densilY of 15,OOOha- l
. Crop values measured by direct "N dilution by 

L1 Favre and Focht (1983a). 

fixation except in the fertilized treatme,1I in which case the 
reduced atom% liN would be fmlll a :ombination of N 
fertilizer and N, fixation. 

The dilutio~ of the orip,inally enriched soil-N 
(0.458 atom% lIN) by atmospheric-N (0.366 atom% lIN) 
can be represented mathematically as (Rennie el al., 1978; 
Hauck, 1982), 

(X)(0.458%) + (Y)(0.366%) =: (X + y)(Z), (I) 

where X is ,he amount of indigenous soil N, r is the amount 
of soil N derived from fixation, and Z is the observed 
atom% lIN of the soil after the C. cajan was harvested. The 
fraction of soil N derived from fb;ation (Nf) would then be, 

Nf., Y/(X + Y). 

Since this is a ratio, the absolute values of X and Y do not 
have to be determined to solve for Nf. We can employ an 
algebraic substitution of X = I in equation (I), and then 
solve for a corresponding value of Y, and from Y sub
sequently calculate the percent of soil N derived from 
fixation (%Nf) as follows: 

Y = (0.458% - Z)/(Z - 0.366%) 

%Nf = l( YI/( Y + 1)](100). 

This allows the detennination of %Nf solely from soil 
atom% lIN values for soils before planting ar.d after 
harvesting. 

All treatments had N incorporations from fb;ation which 
amounted to at least 26°/0 of the total soil N (Table I). Using 
these figures in conjunction with the Kjeldahl deter
minations of total soil N, the amount of N derived from 
f1x'Ition and incorporated into the soil was calculated for a 
crop of 15,000 plants ha -I. This allows comparison with the 
N derived from fixation incorporated into the above ground 
biomass (Table I). Surprisingly, in every case the incorpor
ation of biologically fixed N into soil was greater than the 
amount of fixed N incorporated into the abo'/e ground plant 
biomass as measured directly by lIN dilution (La Favre and 
Focht, \983a). Sheldrake and Narayanan (1979) found that 
the root systems of pigeon ~s contained 10kg N ha- I . 

Using their estimate to account for root N stilllea\ ~ tne N 
addition to the soil greater than the N addition to ~he plant 
in every case. 

The estimate of fixed N incorporated into the soil includes 
N from unrecovered and sen:scent nodules, root e~udates, 
and fine roots. There is also the possibility that some small 
fraction of the N added to soil was from N) fixation by 
hydrogen-oxidizing bacteria. Hydrogen-oxidizing bacteria 
populations develop in the rhi;:osphere of low efficiency 
Rhizobium strains (Le. 401) using the HI evolved from root 
nodules for growth (La Favre and Focht, 1983b). The Hl 

oxidizer Xanlhobacler aulolrophicus is a known Nl fixer 
(Aragno and Schlegel, 1981). 

The value for plant biomass fixed N does not include the 
input frtJm the abscissed leaves and flowers, which were not 
recovered in this study. In the flc:ld abscissed leaves and 
flowers would be incorporated into the soil. This tends to 
make our e~timate for N incorporation into soil from N) 
fixation by pigeon pea conservative. 

Acetylene reduction measurements indicate that the aver
age total N fixation was 45% greater than could be ac
counted for by isotope dilution measurements of fixed N in 
the aboveground crop (La Favre and Focht, 1983a). Our 
soil analyses account for the remaining fraction of the total 
N~ fixed, as measured by C1H z reduction, by showing that 
the remainder was incorporat~d into the soil. 

The magnitude of the soil N addition measured in this 
study would be virtually impossible to measure in typical 
agriculturel soils. This is understandable since it represents 
a relatively small N addition in comparison to Ihe large soil 
N pool. Attempts to measure the addition in t~,e field would 
be further confounded by spatial variability. We wl.!re able 
to measure the incorporation of Nl ftxed by pigeon pea into 
this soil only because of the low initial content of soil Nand 
the high soil lIN enrichment which hJd equilibrated over a 
period of years. Our results clearly demonstrate that, in tl:i~ 
low N soil, the amount of N incorporated into the soil from 
N) fixation by pigeon pea is at least equal to the N 
incorporated into the aboveground plant biomass. 

Ackno ... ledgemenls-This research was supported by grant5 
to D. Focht from the United States Department of Agricul
ture, Science and Education Admir.istratioo and the United 
States Department of State-Agency for International 
Development. We thank F. Sutherland and R. Collins for 
technical assistance. 

REfERE."IICES 

Amarger N., M~riotti A., Mariotti F., Durr J. C., Bour
guignon C. and Lagacherie B. (1979) Estimate of sym
biotically fixe<:! nitrogen in field grown soybeans using 
variations in lIN natural abundance. Plant and Soil 52, 
269-230. 

Aragno M. and Schlegel I:. G. (1981) The hydrogen
oxidizing bacteria. In The! Prokaryoles (M. P. Starr, H. 
Stolp, H. G. Thruper, A. Balows and H. G. Schlegd, 
Eds), pp. 865-893. Springer, Berlin. 

Boddey R. M., Chalk P. M .• Victoria R. L. and Matsui E. 
(1984) Nitrogen fixation by nodulated soybeans under 
tropical fIeld conditions estimated by the lIN isotope 
dilution technique. Soil Biology Ii Biochemis'lry 16, 
583-58!l. 



Short communications In 

Bremner J. M. and Mulvaney C. S. (1982) Nitrogen-total. 
In Methods of Soil Analysis (A. L. Page. R. Ii. Miller and 
D. R. Keeney, Eds), Number 9, Part 2, pp. 595-622. 
Agronomy Society of America, Madison. 

Chalk P. M., Douglas L. A. and Buchanan S. A. (1983) Use 
of lIN enrichment of soil miner:alizable N as a reference 
for isotope dilution measurements of lliologically fixed 
nitrogen. Canadian Journal of ,\ficroiJioloKY 29, 
1046-1052. 

Focht D. D. and Stolzy L. H. (1978) Long-tnm 
denitrilkauon studies il. soils fertilized with ('lNH.):SO •. 
Soil Science Society of America Journal 42, 894--898. 

Hauck R. D. (1982) Nitrogen-isotope ratio analysis. In 
Methods of Soil Analysis (A. I.. Page, R. H. Miller and 
D. R. Keeney, Eds), Number 9, Part 2, pp. 735-776. 
Agronomy Society of America, Madison. 

Kohl D. H. and Shearer G. (1980) Isotopic fractionation 
associated with symbiotic N2 fixation and 'lptakc of NO)
by plar.ts. Plant Physiology 66, 51-56. 

La Favre J. 5. and Focht D. D. (1983a) Cumparison of 
NJ fixation and yields in Cajanus cajan between hydro
genase-positive .. nd hydrogena~~-negative Rhizobia by in 
situ acetylene reduction assays and direct lIN partitioning. 
Plant Phy,<iology 72, 971-977. 

La Favre J. S. and Focht D. D. (1983b) Conservation in soil 
of Hlliber3t~d flom Nl fixation by Bur-nodules. Applied 
and Environmental J,licrnbiology 46, 304-311. 

La Rue T. A. and Pattl:rson T. G. (1981) How much 
nitrogen do plants fix? Advances in AKronomy 34, 15-3S. 

Ledgard S. F., ~1arton R., Freney J. R., ilcrgerscn F. 1. and 
Simpson R. 1. (1985) Assessment of the relative uptake of 
added and indigenous soil nitrogen by nodulated legumes 

and reference plants in the lIN dilution measurement 
'If N: fixatIOn: derivation of method Sod BwlogJ' " 
Biochemi.fI'I' 17,317-321. 

Nutman P. S. (1976) IBP Field expcrimr.nts on nitrogen 
hxation by nodulated legumes. In SymiJi(}tic ,Vitrogl'n 
Fixation in Plants (P. S. Nutman, Ed.), pp. 211-237. 
Cambridge University Press, London. 

Rennie R. J. (1984) ComparISon of N balance and "N 
isotope dilution to quantify the Nz fixation in fleld-gruwn 
legumes. Agronomy Journal 76, 785-790. 

Rennie R. J., Rennie D. A. and Fried M. (1978) Concept<. 
of IJN usage in dinitrogen fixation studies. [n Isotopes 
if! Biological Dinitrogen Fixatio", pp. 107-134. lA-EA. 
Vic:ma. 

Schubert K. R. and Evans H. J. (1976) Hydrogen evclution: 
J major factor affecting the efficiency of nitrogen fixation 
in nodulated symbionts. Proreedings 0/ the National 
Academy of Science, U.S.A. 73, 1207-1211. 

Shcldnke A. R. and Narayanan A. (19~9) Growth. devel
opment and nutrient uptake II1 rigeonpcas (Cai(.lIIus 
caian). Journal of A'J'Icu/tural Scienc~, Cambridge 92, 
513-526. 

Steele K. W., Wilson A. 1'. and Saunders W. M. H. (1981) 
Nitrogen isotope ratios in surface and subsurface hOri
zons of New Zealand impwved grassland soils. Nel'.' 
Lealand Journal of Agricultural Research 24, 167-170. 

Turner G. L., Bergerscn F. J. and Tantala H. (1983) Natural 
enrichment of lIN during the decomposition of plant 
material in soil. Soit Biology & Biochenrwry [5, 495-497. 

Witty 1. F. (1983) Estimating Nl fixatian in the field using 
"N-Iabeled fertilizer: some problems and solutions. Soil 
Biology & Biochemistry I:;, 613-{H(,. 


