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ABSTRACT 


The addition of N fertilizer to soil has been shown to stimulatethe uptake of native soil N via a priming effect recently termed addcdnitrogen interaction(ANI). This AN!, due to pool substitution, cansubstantially affect the N-recovery efficiency (NRE) by plants ascalculateed by the 15N isotopic dilution technique. We evaluated NILEIn a pot study using 'Edwall' spring wheat (Triticum aestiv~m L.)with three soils (Palouse, a fine-silty, mixed, mesic Pachie UlticHaploxeroll; Ritzville, a coarse-silty, mixed, mesic CalciorthidicHaploxeroll; and Shano, a coarse-silty, mixed mesic Xerollic Cam-borthid) of varying organic C (OC) levels and five levvis of 'SN-labeled fertilizer. Data obtained at 60 d after emergeiice (DAE)showed that NRE generally increased with feni!izer additions, waslowest in the soil having the greates. OC, and ranged from 57 to
79% . The NRE values estimated by the isotopic method averaged20% lower th:,n thiose estimated by the difference meihod, althoughthe two estimates were strongly related. Although the magnitude of 
ANI showed no direct relationship to OC levels, it was stronglyrelated to N rates, OC, soil C/N ratio, and N lost, which together

ANIapparsto e
iflunce bysevra!f~corsandthu
explained 73% of the relationship. The magnitude of occurrence ofma be 

ANI appears to be influenced by several fictors and thus may besoil specific. Regressien of NRE with soilNRE properties showed thatwas influenced primarily by the same factors that infl-encedANI. This study suggests that, for accurate comparisons of nitrogenrecovery efficiency between soils or treatments using the isotopicmethod or for comparing methods of determining N-recovery effi-ciency, the role of added N interaction must be considered, 

A FTER SEVERAL DECADES of extensive work on N-t-1 fertilizer use, there are still uncertainties in de-termining the NRE (Bock, 1984) by plants of the ap-plied fertilizer N. The most common method fordetermining NRE is the difference method, in whichthe amount of fertilizer N taken up by the crop iscalculated as the difference between fertilized and un-fertilized plots. The assumption is that immobiliza-tion-mineralization and other N transformations
during the course of the experiment are the same for
both treated and control plots. It is known that this
method may be vitiated by the priming effect, whichresults in increased uptake of'N from soil organic mat-
ter in fertilized plots, causing 
 an overesimation of
NRE (Hauck and Bremner, 1976). The increased 

availability of soil N in fertilized plots has been at..
tributed to: (i) stimulation of microbial activity by ad­dition of N fertilizer (Westerman and Kurtz, 1973);(ii) nitrification of NH4 and amide fertilizers, causingacid hydrolysis of soil organic substances (Turchin,1964); (iii) changes in the plant's physiological pro-cesses induced by fertilizer N (Sapozhnikov et al.,
1968); (iv) osmotic effects (Broadbent and Nakash-
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imha, 1971); and (v) increased root growth in fertilized 
plots (Olson and Swallow, 1984).

The isotopic dilution technique is used by manyworkers to determine the NRE by direct measurementof '5N-labeled fertilizer taken up by the plant. How­ever, this method is influenced by pcol substitutionof 'IN for can14N, which result in erroneousestimations when substitution is not 
NRE 

accounted forquantitatively. The labeled N acts as a substitute forunlabeled soil N that otherwise would have been ab­stracted from the pool during processes such im­asmobilization and denitrification (Jenkinson et al.,1985). This substitution leaves less '5N available forplant uptake and so N recoveries estimated by thismethod may be low.All such interactions (e.g., priming, pool substitution)that occur when fertilizer N is added to the soil andchanges the soil N content ina 
given pool constitute
 
ANI (Jenkinson etean., 1985). Quantitively, ANI is
Nu(Jenkiso i uatmeasured as the differencen e 18)in the uptake ofi soil-derived-ive 
N between fertilized and contro! treatments. 

Although .ieveral hypotheses have been proposed toexplain the discrepancies between the two methods ofestimating NRE, no quantitative relationship has beenestablished between the ,oil and fertilizer factors andthe NRE estimationas by the isotopic method. Hence,
it has been an enigmatic question as to the conditionsunder which the isotopic method is more or less ac­curate than the difference method. It is hypothesizedthat ANI is responsible for the discrepancy betweenNRE estimations by the difference and isotopic meth­ods. Several factors may contribute to ANI and thusinfluence NkE estimations by either method. Themost impoitant factors are possibly soii OC, soil C/Nratio, and microbial biomass, which will affect poolsubstitution via immobilization, denitrification,mineralization. The objectives of this study were 

and 
to:(i) assess the existence and importance of ANI in es­timating NRE by the isotopic method in soils varyingin OC levels and at different stages of crop growth and(ii) to examine some factors influencing ANI, using'IN-labeled fertilizer. To study these phenomena, anexperiment under controlled conditions is most likely
to yield explicit results and hence 
a pot study with


spring wheat was conducted.
 

MATERIALS AND METHODS 
soils 

Three benchmark agricultural soils from eastern Washing­ton state widely differing in total C and N were used in thisstudy. The soils were collected from the upper 15 cm of theprofile, air dried, and sieved through a 2-mm screen. Beforeair drying, each soil was analyzed for total and inorganic N.Moisture curves for different tensions, water content of the 
Abbreviations: ANI, added-nitrogen interaction; NRE, nitrogen-re­
covery efficiency; OC, organic C; DAE, days after emergence; AN-OVA, analysis of variance. 
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Table 1. Selected propcrties cf the three soils used In th!s study. 
Soil Classifica'ion pH 

Shano silt loam Xerollic 'amborthid 7.2Ritzville silt loam Calcionhidic Haploxeroll 6.3Palouse silt loam Pachic Ultic Haploxeroll 5.5 

soils at the time of weighing into pots, particle-size analysis
by the hydrometer method (Gee and Bauder, 1986), pH in1:1 	 soil/water (Peech, 1965), and OC by the wet oxidation 
method (Snyder and Trofymow, i984) were also determined.Selected soil properties are given in Table 1. 

Experimental Procedure 

potexperimen! with sprinAugust to October 1989, with wheat was conducted duringtreatments consisting of thethree soils, five levels ofapplied fertilizer N (0. 62, 124, 186,and 248 mg N pot-'), end three harvests (20, 40,and 60 DAE 
of seedlings). Before sowing, soil for each treatment (2.8 kgpot-') was rotary mixed with I g each of Ca(H2 PO 4) 2.H 20and K2SO 4 . The N was mixed into the soil batch in enough
solution to bring the soil water content to 45% of the watercontent at -0.03 MPa. The N form was (NH 4)2SO4 con-taining 10.0 atom %"N. The treated soil was packed uni-formly into plrstic pots (15 cm diam. by 17 cm) lined with
plastic. Eight seeds of spring wheat were sown in each potand thinned to six plants after emergence. The-- were fourreplicates per 	 treatment. The pots were kept in the open
except for raiay days when they were moved indoors. Thepots were watered on a daily basis as necessary (by weighing)
to maintain the soil water content near field capacity.

At 20, 40, and 60 DAE, whole plants were separated fromthe soil by hand and remaining root fragments were sieved
from the soil. The plant material was washed and then driedat 	60 C for 48 h, after which the shoots and roots wereweighed separately. Soil samples were taken at each harvest 
and stored at 5 'C for mici obial-biomass estimation usingthe chloroform fumigation incubation method (Jenkinson
and Powlson, 1976). Soil samples for inorganic N were pro-
cessed immediately. and samples for 'N analysis were 	airdried. 


Plant and soil samples were 
 finely ground (<75 pm) inacid-washed glass jars, containing four to six stainless steel 
bars, on a roller mill for 12 to 15 h (Smith and Um, 1990).For the two later harvests, the entire mass of shoot or roots 
was first ground in a high-speed rotary mill before a
sample was finely ground on the roller mill. 

sub-

ChemicalAnlvsis 

Inorganic N in the soil was determined by KCI extraction

(Keeney and Nelson, 1982) and autoflow injection ana!ysis

(U.S. Environmental Protection Agency, 1983). Total N and"IN contents were determined by direct combustion isotoperatio mass spectrometry, using a Roboprep Tracer mass 
spectrometer interfaced to an automatic N analyzer (EuropaScientific, Crewe, England). Duplicate samples of shoot,root, and soil were analyzed for each harvest, 

Calculaions 

The "N calculations tor fertilizer-N recovery in plant
shoots and roots and in the soil are given by the ratio ofatom % excess "N in the pool to the atom % excess "N inthe fertilizer (Cabrera and Kiss;l, 1989). The NRE was cal-culated by four methods: 

1. difference method (total N uptake in frtilized minustotal N uptake in the control);
2. 	 unlabeled regression (total uptake of N by the plants 

vs. N rates applied); 

Organic C 	 Total N Inorganic N Clay content 

mg kg'- % 
4000 	 490 21.8 -66200 	 630 12.2 1016000 	 1450 14.3 20 

Table 2. Response to applied N fertilizer of dry-matter at 60 days
after emergeoce.t 

Palouse Ritzvile Shano 

Nrate shoot root shoot root shoot root 
mg N por' g pot-,'

0 9.09 	 3.79 7.68 3.62 7.43 3.6162 11.71 4.54 10.52124 11.73 	 4.56 11.04 4.554.57 12.43 4.55 12.55 5.14
186 12.99 4.82 13.97 5.86 13.78 5.80248 12.2(; 4.93 16.06 6.22 13.81 5.73 

-valuesignifiance

Main effects Shoo. Root 
 N levels 	 Shoot 

Soils NS * Palouse soil

N levels 
 ... ... 	 linearaticubicSoil X Nlevels 	 c NSNS quadratic NS 

quartic
Nlevels across three soils Ritzville soil

linear *** linear s.
quadratic NS quadratic NScubic NS cubic NSqufrtic 	 NS quartic NS

LSD (0.05) for N levels 
Ac-oss soils 0.50 Shano soil 
RitzvillePalouse 1.17 	 linear1.80 quadraticShano 1.29 	 cubic NS 

quartic NS 

",," Significant at the 0.05, 0.01, and 0.001tively. levels of probability, respec­
tAverages of four repliates. 

3 isotopic method ('N recovered in the plants); and4. labeled regression ('N recovered in the plants vs. Nrates applied). The intercept is considered theoretically 
as zero. 

The data set was statistically analyzed (ANOVA) usingSAS (SAS Institute, 1985) for significance of N applicationlevels, soils, and time on the measured parameters. The or­

thogonal polynomial contrast procedure was adopted inidentifying the significant functions relating N levels and themeasured variables. Stepwise regression was used to identify

the important factors aft'cting NRE and ANI.
 

RESULTS AND DISCUSSION
Plant Production and Nitrogen Uptake 

The statistical analysis of the entire data set in athree-way completely randomized design showed typ­
ical separation of the time and fertilizer factors on
measured plant parameters. Fertilizer rates influencedtotal dry-matter production in all soils across all N 

rates (Table 2). There wa a linear increase in tothai Nuptake with fertilizer additions at 60 DAE. Other pa­rameters such as N co,;:ent, total N uptake, and '5 N 
uptake increased as fertilizer rates increased (Table 3).Since these parameters increased with time, the threetime periods were significantly different from each
other (data not shown). 
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Table 3. Nitrogen balance and recovery of labeld fertilizer by spring wheat at 60 days after emergence. 

Plant N Uptake 

Plant N Fertilizer N Soil N 
N applied Shoot Roots Shoot - SN Immobilized Total 'INRoots Shoot Roots in soil N-Mint recovered 

i
mg ' pot- -% mg N pot-' 
 %
 

Palouse soil
0 1.08 0.59

62 - - 97.3 22.1 - 76.91.25 ­0.67 30.1 5.4 115.7 25.1 21.1 77.3 91.2124 1.59 0.90 60.4 11.7 124.9 29.0 33.3186 1.82 0.88 75.8 85.0 
248 2.23 

105.7 17.1 130.7 25.0 44.7 66.1 90.11.01 132.9 21.1 137.7LSD (0.05)$ 0.27 0.06 
27.4 52.7 67.6 83.45.5 2.2 11.7 3.7 7.3 N3 -

Ritzville soil
0 0.91 0.55 - - 70.0 19.962 0.98 0.66 29.5 73.7 

- 50.97.6 22.5 16.9 43.0 86.8124 1.33 0.83 71.8 14.8 91.7 23.0186 31.9 43.71.37 0.92 106.2 26.0 85.4 95.6
27.6 50.7 24.5 98.3248 1.41 1.00 137.2 32.3 87.5ISD (0.05) 0.15 0.06 5.5 1.7 
29.5 64.8 10.8 94.5

7.4 2.9 7.3 10.7 -
Shano soil

0 0.91 0.63 - - 67.4 22.262 -- 23.7 ­1.06 0.78 32.6 7.9 82.9 27.2124 18.3 26.1 94.81.22 0.85 68.2 16.5 84.5 27.0186 31.4 11.6 93.61.65 0.95 121.4 25.1 104.9 29.8248 1.73 1.17 38.2 32.2 99.:138.9 31.3 100.2 35.7LSD (0.05) 0.15 0.06 5.5 66.3 5.2 95.43.2 6.3 5.2 11.3 12.4 -
Main effects 

Soil 
N levels 

,o NS** 
 '* 
 * 
 ** 
 *** 
 T, ***
Soil X N levels NS* NS NS * *
 
N levels 

linear 0,, *00 
q:uadratic NS 0*For the remaining parameters, only linear functions were significant for all three soils, with the exception of soil N in the Ritzville soil where thequadratic function was also significant. 

.s', Significant at the 0.05. 0.01, and 0.001 probability levels. respectively.
t N mineralized - N uptake + N lost)total - (initial soil N + N applied + seed N).t Least significant difference at 0.05 level of probability. 

Nitrogen-i5 Recover 

The N balance and recovery of 15N at 60 DAE for
each soil type is presented in Table 3. There was a linear
increase in N content in the shoots and roots with in-
creasing fertilizer rates for all soils. Also, as the fertil-
izer-N level decreased, a higher proportion of the plantN was soil derived. At the highest rate ofN application,
N uptake from fertilizer N was higher than from soil
N in Ritzville and Shano soils; however, uptake from
both sources was similar in the Palouse soil. The pro-
portion of plant N that was derived from the applied
fertilizer increased from 28, 27, and 20% at the low Nrates zo 59, 56, and 48% at the high N rates for the
Ritzville, Shano. and Palouse soils, respectively.

The tetal percentage recovery of '5N fertilizer ap-
plied is given in Table 3. The 'IN recovery is the sum
total of the fertilizer-N uptake by the plant and thefertilizer N immobilized in the soil at the end of the
experiment (Table 3). The unaccounted-for 'IN fertil-
izer at 60 DAE ranged from I to 17%, with the greatest
'average loss from the Palouse soil (12.6%), followed
by Ritzville (6.2%) and Shano (4.2%) (Table 3). Thelosses were possibly due to denitrification and vola-
tilization from the plant leaves,although the latter ef-fect is usually significant only during plant senescence
(Hooker et al., 1980). The Palouse soil has a higher 

clay content and denitrification potential than either 
Ritzville or Shano (Smith and Kennedy, 1989), which 
may have caused a lower recovery in this soil. 
Added-Nitrogen Interactionand Nitrogen-Recovery
Efficiercy 

The ANI defined earlier can be a REAL ANI if, for
example, the fertilizer I causes an increase in root
growth and a subsequent increase in soil N uptake, or
if it causes increased N mineralization. The effect is 
an APPARENT ANI if the fertilizer N undergoes pool
substitution due to displacement reactions, immobi­
lization, or denitrification (Jenkinson et al., 1985). An
ANI can be negative if the fertilized treatment takes 
up less soil N than the control. The most frequent
occurrence is a positive APPARENT ANI, which is
related to microbial immobilization. 

The ANI can be calculated from 15N studies that
include a 0-N treatment, since the amount of soil­
derived N that is taken up can be estimated. Table 3sh,w.. the total N uptake from fertilizer and soil for
each soil and treatment. The ANI for the Palouse soil248 mg pot-' treatment is simply the soil-N uptake of
the shoot and roots (16 -.1 mg N) minus the N uptakeof the control (119.4 mg N), which totals 45.7 mg N.Table 4 shows the calculated ANI f)r the three soils 

/,
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Table 4. Added N interaction (ANi) at different stages of spring wheat growth, measured as days after emergence (DAE). 
Palouse soil 

N rate 20 DAE 

62 -. 6
124 -12.0 
186 -12.4 
248 -18.9 

Effect of factors on soil-N uptaket 
Factors 

N levels 
Soil 
Time
 
N level X soil

N level X time 

Soil X time
N level X soil X time 

L-D (0.05) level for N levels 


for soils 


Ritzville soil Shano soil
40 DAE 60 DAE 20 DAE 40 DAE 60 DAE 20 DAE 40 DAE 60 DAL 

mg N pot ' 
7.7 21.4 -5.0 7.3 6.09.4 -12.7 13.134.5 20.6-11.2 17.5 24.71.7 -19.1 19.036.3 19.3-8.8 20.8 23.021.1 -24.3 21.045.7 45.2-19.5 23.1 26.9 -27.4 14.5 46.4 

Significance At 20 DAE At 40 DAE At 60 DAEs* At a E 
*00 **s 

NS NS NS 00
 
SNN 

***
 
*
 

6.7 7.2 Palouse - I1.35.2 5.6 Ritzville - 8.900 

Shano - 7.6"***,* Significant at the 0.05, 0.01, and 0.001 probability levels, respectively.t The LSD values are valid for identifying the significant differences in ANI between N levels. 

and sampling dates and fertilizer treatments. The ANIfor 20 DAE is negative for all soils and N rates. Thisoccurs because the inorganic-N pool was dominatedby fertilizer N in the treated pots and thus the plants
at this early stage had taken up less soil N than theplants in the control pots. In addition, the exchange
and im m obilization reactions had not depleted the fer-tilizer pool. In general, ANI increased with fertilizerrate and with time. At 60 DAE, the highest fertilizerrates showed the largest ANI, with Shano and Palouse
having similar values and Ritzville a much lower ANI.To determine if this positive ANI is REAL or AP-PARENT, the calculated net N mineralization in eachtreatment was scrutinized for increases due to the ap-plied N fertilizer (Hart et al., 1986). Table 3 shows thatonly the Shano soil had increased N mineralizationover the control, i.e., in the 62 and 186 mg N pot-treatments, though

Earlier reports indicate either no change (Harmsen andKolenbrander, 1965) or depression (Jansson, 1958) inN mineralization due to applied fertilizer. Althoughthere was increased root dry matter with N additions,there could be no increase in soil-N uptake withoutexcess soil-N mineralization due to N fertilizer.tilizer additions are unlikely to increase 
Fer-

root explo-ration or uptake efficiency, which would cause a REAL 
ANI (Jenkinson et al.,crease 1985); thus, the observed in­in soil-N uptake is probably due to pool sub-
stitution. Since the added fertilizer N did not increase
soil-N mineralization or soil-N 
 uptake, there is noREAL ANI and the calculated ANI of all the threesoils is 100% APPARENT. In general, the amount of
fertilizer N immobilized in the soil (Table 3) is greater
than the ANI, suggesting that pool substitution by mi-
crobial immobilization is the dominating factor caus-ing ANI in this study. Hart et al. (1986) also ob'3ervedthe occurrence ofpool substitution in pot experiments,

but not in the field. 
A positive APPARENT ANI may lead to erroneousresults when calculating NRE using the isotopic-'INmethod because pool substitution results in a portionof the applied labeled N being not accessible to the 

Table 5. Fertilizer N-recovery efficiency of spring wheat calculated
by different methods at 60 days after emergence.

Difference Isotopic Regressiont Regression$
N applied method technique 

mg N po' 
Palouse -;oil 

6 . 5 ±0. 
62 91.8 ± 6.2 

186 85.5 ± 4.9 
248 80.6 ± 8.1 

62 69.8 ± 4.3 
124 89.7 ± 3.9 
186 83.4 ± 6.3 
248 79.2 ± 5.9 

62 98.7 ± 6.2 
186124 103.083.9 3.2±± 5.9 
248 87.4 ± 3.3 

57.2 ± 1.8 
66.0 ± 2.8 
62.1 ± 4.9 

Ritzvillc soil 
59.7 ± 1.4 
69.8 ± 2.0 
71.1 ± 2.5 
71.8 ± 4.4 

Shano soil 
65.3 ± 3.2 
68.3 2.378.7 ±± 3.1 
68.6 ± 2.9 

Significant at the 0.001 probability level. 
t Palouse: Y- 123.53 + 0.809 N rate R1 -

Ritzville: Y 90.07 + 0.815 N rate R2 
-

Shano: Y- 91.45 + 0.909 N rate R2 
-

Ritzville:t Palouse: YY - -5.47 R2- -3.89 0.655 N rate++ 0.711 N rate -R3 -Shano: Y - -2.26 + 0.727 N rate R2 -

of total N of 'N 

80.9 65.5 
80.9 65.5 
80.9 65.5 

61.5 71.1 
81.5 71.1 
81.5 71.1 
81.5 71.1 

90.9 72.7 
90.9 72.790.9 72.790.9 72.7 

0.97" 
0.98*00 
0.97"*' 
0.97000 
0.98***
 
0.970*" 

§ Mean followed by standard deviation of four replicates. 

plant, and leads to a lower measured fertilizer recovery
in the plant. The difference method, by definition, ig­nores whether the plant N comes from fertilizer or soilsources. Table 5 depicts the NRE calculated from the60 DAE data across all fertilizer treatments using fourestimation methods. The difference method gave high­er recovery of added fertilizer than did the isotopic­'IN method for all three soils. Similar results havebeen reported by Moraghan et al. (1984) and Blooret al. (1988). The difference method showed averagerecoveries of 81 to 93% and the isotopic methodshowed 61 to 70%, with the values calculated by thesetwo methods being strongly correlated (r2 = 0.94). Theregression method for NRE is simply the slope of therelationship between total N ur,-ake (by labeled or un­
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labeled calculation) and applied-N rates. The resultswere similar to the comparison between the isotopicand difference methods although there was closeragreement of the calculated NRE between the regres-sions. 

The influence of ANI on 
NRE calculated by theisotopic method isevident from Table 5, which showsthat pool substitution caused lower recoveries across

all fertilizer treatments. The magnitude of ANI andNRE have been found to be significantly correlated (P= 0.01), although the correlation coefficient was nothigh (0.37). The lack of higher correlation suggests thatdifferent types and rates of pool substitution are oc-curring among the soils, in addition to other factorsinfluencing NRE. Perhaps it could also be suggestiveetteof a nee (drec rep ese wayway
of quantifying the process of ANI than the one 

of a need for a better (directfo a andan representative)tatve) 

thatwas aoopted (Jenkinson et al., 1985). In this study, thediscrepancy in calculated 
ANI. On 

NRE between the isotopicand difference methods is totally due to APPARENTan average, the isotopic method estimated 
an NRE 20% lower than the difference method, whichis of concern for studies utilizing 5Nlabeled fertilizer, 

FactorsAffecting Added-Nitrogen Interaction 
It is not possible in every 5 N study to measure ANIor increased N mineralization due to fertilizer appli-cation, and thus it is problematic to determine whichmethod is giving accurate NRE values. Ifa REAL ANIoccurs, the NRE determined by the difference methodwill be in error or, if an APPARENT ANI occurs, theNRE calculated by the isotopic method will be in error(Jenkinson et al., 1985). However, the interpretationswould be difficult in situations where both REAL andAPPARENT ANT exist for the same treatment. In alliA lzARENT procexstes, the
mineralization processes, there is a component 

isae 
eam ent. In alof Im-mobilization and, hence, pool substitution is boundto occur to some degree. Factors such as OC and mi-crobial-biomass concentration should relate directly tothe degree ofAPPARENT ANI and these relationships
could be used to estimate the potential for ANI to occur and to explain observedsoils in a differences'IN experiment. between 

Using stepwise regression, we analyzed the available 
datafroepermenths forfacorstha cotriuteto ANI. Testing the initial hypothesis that OC wouldinfluence the magnitude of ANI showed that this pa-rameter only contributed to 11% of the ANI effect at 

20 DAE, decreasing to 9 and 5% atrespectively Similarly, individual parameters such asmicrobial biomass, total N, and clay content showed 

40 and 60 DAE, 

micrbia 6imass, antoal cly cnten shwedlittle influence on the magnitude of ANI. At 20 DAE,
the dominant interacting factors that contributed 
 toANT were fertilizer rate, OC, and clay content. At 40
DAE, highest correlations with ANT 
 were root weight
and total N uptake: at 60 DAE, fertilizer-N levels, OC,
soil C/N ratio, and N lost were highly correlated withANi, explaining 73% of the variation ir the predictedANI. 
Regression of NRE on fertilizer rates and OC con-

tentat 0 DEculd xplin nly50% f te vriaionin NRE. The inclusion in the regression of N lost in-creased the fit of the model to 68%, with all the factorsbeing significant at the 0.05 level. The significance ofthese factors in explaining the variation in NRE fur-

ther supports the view that ANI due to pool substi­tution caused by immobilization and denitrificationwere dominant processes. The lower recoveries of ap­plied N in soils with high OC contents have been ob­served in previous 15N studies (Hart et al., 1986). Soilsin this study ranged in OC from 4000 to 16 000 mgkg-', enough of a range to show an influence on NREand, to some degree, on the magnitude of ANI. 

CONCLUSIONS 

The ANT calculated from this data set wasAPPARENT ANI and entirely
was negative at 20 DAE andpositive at 40 and 60 DAE. The NRE estimationsbythe isotopic method averaged 20% lower than by thedifference method, although the two estimations were

strongly related. Isotopic NRE was influenced by the 
s tr reat influenced te ysame factors that influenced ANt, i.e., N rate, OC, andN lost, and there was significant correlation betweenANnomena of ANT in NREand NRE. Thereby, the significance of the phe­was evident. There was no 

consistency in the soil and other factors that influencethus making it
the magnitude of ANI at different crop-growth stages,more importantFactrs ffecingAdde-Niroge
Ineracionnomena 
 to address this phe­(ANI) while calculating NRE by the isotopicmethod. 
ethod.
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