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Summary-The microbial population of a Brown Chernozemic soil was labelled in situ by adding 
r4C-glucose and 15NH, ‘sN0, to the plow layer. The loss of 14C, nitrogen immobilization- 
mineralization reactions, bacterial numbers (plate count, direct count) and fungal hyphal lengths 
were determined periodically throughout the growing period in amended and unamended micro- 
plots and in the surrounding field soil. After 5 days, 90 per cent of the labelled N occurred in the 
organic form with little subsequent mineralization. Of the labelled C added, 63, 56 and 39 per cent, 
remained in the soil after 3, 14 and 104 days. respectively. 

The ratio of fungal C to bacterial C increased as soil moisture decreased. Viable (plate count) 
and total numbers of bacteria in samples from unamended plots and field soil were significantly 
correlated with each other and with soil moisture. Fungal hyphal lengths from amended soil were 
also significantly related to moisture but the rate of loss of r4C and mineralization of 15N were not. 
The synthesized microbial material (tissue and metabolites) exhibited a high degree of stability 
throughout the study. The half-life of labelled C remaining in the soil after 30 days was calculated 
to be 6 months compared to only 4 days for the added glucose C. The amount of energy used for 
maintenance by the soil population under field conditions was calculated from measurements of 
biomass C, respired labelled C and respired soil C. 

INTRODUCTION 

FRESH organic material added to the soil serves as an energy source which activates the 
microbial population. The added C is either respired as CO,, transformed into microbial 

tissue, excreted as metabolites or is resistant to attack. i4C and “N labelled plant 
materials added to soils have been allowed to decompose under laboratory (Jansson and 
Persson, 1968; Persson, 1968) or field conditions (Jenkinson, 1965). The resistant com- 
ponents of the added material, a portion of the newly synthesized microbial tissue, and 
stabilized metabolites contribute to the soil organic matter. However, the relative contribu- 
tion of each source is not clearly established. Information on the stabilization of plant C 
remaining in the soil during long-term field experiments with 14C was summarized by 
Jenkinson (1971) who concluded the material entered fractions whose biological stability 
was intermediate between that of the added material and that of the resistant humic 
constituents. The fractions were postulated to be the soil biomass, materials sorbed to the 
soil colloids and lignin. 

Most laboratory incubations of labelled material in soils have been oriented to studying 
the processes of priming and humification with only minor interest focused on the stability 
or turnover of microbial tissue. Humification of microbial cells labelled in culture was 
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studied by Mayaudon and Simonart (1963) who concluded that mineralization of Azotohacter 
was greater than for Aspergillus. Hurst and Wagner (1969) observed that hyaline organisms 
decomposed more rapidly than melanic organisms. Knowles and Chu (1969) reported that 
numbers of living labelled organisms decreased steadily after addition to non-sterile soil, 
suggesting the cells were unable to adapt to their new environment. 

In the field experiment reported in this study, microorganisms were labelled in situ by 

adding ’ 4C-glucose and ’ ‘NH, 15N03 to a Brown Chernozemic soil. After different 

periods of incubation the amounts of newly synthesized C decomposed, organic N 
mineralized and identifiable microbial material present were determined. The data obtained 
are discussed in terms of the factors affecting stabilization and the maintenance energy 

requirements of the microbial population. 

MATERIALS AND METHODS 

Field techniques and treatments 

The experiment was conducted on a cultivated Brown Chernozemic soil of the Sceptre 
Association (Shields and Paul, 1973) located near the Matador Field Station for the 
InternationalBiological Programme (IBP). Wheat was grown on the soil during the previous 

year. The plow layer was not disturbed before the experiment was begun on 3 May 1971. 
The soil contained 2.14 per cent organic C, 0.11 per cent inorganic C, 0.24 per cent total N, 

49 per cent clay and had a pH of 7,2 (Shields and Paul, 1973). 
Treatments were applied to small field plots of soil contained in open galvanized 

cylinders (20 cm dia. x 15 cm deep) fitted with a 0.5-cm mesh bottom. The cylinders were 
embedded in the soil to the depth of the plow layer (12 cm) on a 4-m grid. The soil removed 
from all cylinders was collected in one large tub, crushed to pass a 05-cm screen, mixed and 
returned in equal amounts (3115 g oven dry basis) to the cylinders. Equal volumes of 
solution containing the labelled or unlabelled amendment were mixed into the soil as it 

was returned to each cylinder. 
Unlabelled glucose (937 pg C/g soil) and NH,NO, (C:N = 25: 1) were added as a 

solution. The same concentration of uniformly labelled i4C-glucose (117 /-Q/g C) and 

‘5NH,‘5N0, (5.056 atom per cent excess) were used. An equal volume of water was added 
to the unamended cylinders. The four cylinders receiving the unlabelled glucose and the 

two unamended cylinders were sampled for bacteria and fungi. Two cylinders amended with 
labelled solution were used to study the decomposition of C and immobilization- 
mineralization reactions of N. 

Two samples of soil, each contained in a steel cylinder (15 cm dia. x 60 cm deep), were 
used for a nitrogen-balance study, The cylinders were pushed into the ground to a depth 
of 57 cm by a hydraulically operated road grader. No soil disturbance or compaction was 
observed. The plow layer inside the cylinders was removed and replaced by an equal amount 
(1557 g oven dry basis) of the soil added to the other cylinders described above. Labelled 
glucose (1053 pgC/g soil) with a specific activity of 117 $X/g C and i5NH,’ ‘NO3 (42.036 
pg N/g soil) with an atom per cent excess ’ 5N of 5.056 were added as described previously. 

All cylinders and the surrounding area were kept free of vegetation during the field 
experiment (104 days). 

Soil sampling 

To permit frequent field sampling, each 20 cm dia. cylinder was centred inside a larger 
open cylinder (25 cm dia. x 15 cm deep). A narrow band of insulating material was inserted 
between the upper edges of the two cylinders to prevent surface debris from entering. To 
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obtain soil samples, the inner cylinder was removed and transported to the IBP field 
station, the contents emptied into a large tub, mixed, and duplicate subsamples (50 g) taken, 
The soil was then returned to the cylinder and replaced in the field. A portion of one 
subsample was used immediately at the field station for the determination of bacterial 
numbers by direct microscopic and plate counts; remaining portions were frozen for later 
determination of C and N constituents and hyphal lengths. 

In the autumn, the deep cylinders used for the “N balance study were removed and the 
soil separated in layers, air-dried, weighed, mixed and subsampled for analysis. 

Analytical ~Iet~ods 

Inorganic and organic carbon contents and radioactivity of soil samples were determined 
in triplicate (Shields and Paul, 1973). Total nitrogen was determined by the semimicro 
Kjeldahl method and NH: and NO; by steam distillation (Johns, 1971). An Atlas Model 
GD 150 mass spectrometer was used to determine i5N (Johns, 1971). 

~easare~e~ts of microbian numbers and biomass C 

Viable bacteria were counted (4 replicates) by a dilution plate technique (Babiuk and 
Paul, 1970) in which distilled water was replaced by 0.5% (w/v) peptone as the dilution 
blanks (Straka and Stokes, 1957) and K,HPO, was not added to the soil-extract medium. 
Total bacterial numbers (2 smears; 20 ~elds/smear) were determined by a direct count 
technique (Babiuk and Paul, 1970), using 5-isothio~yanatofluorescein (Baker Chemical 
Co., N.J.) as a fluorescent stain and Harleco Fluorescence Mountant (HartmanLeddon 
Co., Pa.) as permanent mountant. Fungal mycelium lengths were determined by the direct 
observation technique described by Jones and Mollison (1948) as modified by Nicholas and 
Parkinson (1967) (10 slides/sample; 50 fields examined/slide). Biomass C of the total 
bacterial population was calculated using an average cell size of 06 x 1 pm (Babiuk and 
Paul, 1970) and constants of specific gravity, I-1; H,O content, 80 per cent; C content, 
50 per cent of dry weight (W. B. McGill, personal communication). These constants were 
also used to calculate biomass C for the fungal population whose average measured 
diameter was 2.5 pm. 

RESULTS 

Carbon deco~?~posit~o~ and soil moisture 

There was little variation (Table 1) in labelled C recovered from replicate cylinders at 
any one sampling time (a deviation from mean of f6 pug C/g soil). No labelled C was 
detected below theplow layer even after 104 days field incubation (data not shown) indicating 
that carbon had not been moved to greater depths by leaching or physical mixing due to 
soil cracking. The decrease in the amount of labelled C remaining in the soil was assumed 
to be due to the evolution of i4C0,. The rate of loss of the labelled C was greatest during 
the first 3 days of field incubation. It then declined rapidly (by a factor of 10) falling to a 
rate of 10 pg C/g soil per day after 7 days (Table 1, Fig. 1). The slight increase in rate observed 
between days 37 and 71 (late June to mid-July) coincided with favorable moisture conditions 
during this period and was significantly correlated with measurements of soil respiration 
(I = O-71, P < O-05) conducted on adjacent fallow soils (E. de Jong, personal communica- 
tion). The ratio of soil C to labelled C respired was 6: 1 on day 32, 12: 1 on day 56, and 
60: 1 after 87 days (data not shown). 

Low concentrations of labelled inorganic C (Table 1) are similar to those found by 
Shields and Paul (1973) after addition of “!C-1abelled wheat straw to this soil under field 
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TABLE 1. LABELLED C RECOVERED FROM GLUCOSE ADDED TO THE PLOW LAYER OF SCEPI’R~ FIELD SOIL 

Date of 
sampling 

(1971) 
Day 
No. 

Total 14carbon remaining 

Rep. 1 Rep. 2 Mean 

(pg C/g soil) 

pg Glucose “VI- 
lost/day 

(between dates) 

Inorganic 
14carbon 

(pg C/g soil) 

3 May 0 942 932 931 
6 3 603 587 595 
8 5 579 579 579 

10 7 568 549 559 
12 9 536 564 550 
14 11 531 543 537 
17 14 525 529 527 
21 18 503 526 515 
28 25 505 503 504 

4 June 32 488 498 493 
9 31 414 419 477 

14 42 455 466 461 
18 46 458 450 454 
28 56 408 419 414 
13 July 71 t 379 379 
29 87 t 372 372 
16 Aug. 104 t 364 364 

* Average of Rep. 1 and 2. 
t Replicate 1 was transported to the laboratory for other studies. 

00 0* 
114.0 5 

8.0 3 
10.0 3 
4.5 2 
6.5 2 
3.3 2 
3.0 2 
1.6 1 
1.6 1 
3.2 1 
3.2 1 
1.8 1 
4.0 1 
2.3 1 
@4 1 
0.5 1 

COMPOSITION 
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TIME (days) 

FIG. 1. Decomposition of labelled glucose carbon in plow layer of Sceptre field soil 

conditions. In contrast, Sorensen and Paul (1971) reported that one-fifth of the labelled C 
mineralized as CO, was incorporated into carbonates following addition of radioactive 
acetate to virgin Sceptre soil under laboratory conditions. 

The amount of labelled C recovered from the field soil declined rapidly during the first 
3 days of incubation when only 63 per cent of the labelled C remained in the soil (Fig. 1). 
Subsequently, the decline occurred more slowly. Aliquots of a 0.5 N K,SO, extract tested 
with anthrone (Oades, 1967) showed that the added glucose had nearly disappeared after 
3 days (data not shown). Addition of the amendment solution increased the soil moisture 
from 28 to 42 per cent (Fig. 1); thereafter, it decreased steadily to below the wilting point 
between days 11 and 32. Heavy rainfall, occurring during the next 4 days, increased the 
moisture content to field capacity; periodic rainfall maintained favourable moisture 
conditions until day 71. After this time, the moisture content again fell below the wilting 
point (23% w/w). 
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Measurement of microbial material 

There was a five-fold increase in numbers of bacteria as measured by plate counts in 
amended soil during the first 3 days of incubation (Fig. 2). Numbers then declined slowly 
during the remainder of the experimental period, despite changes in soil moisture. Plate 
count numbers of bacteria in the unamended cylinders were similar to, and correlated 
(r = 0.89, P < 0.01) with those in the field soil adjacent to the cylinders, but were lower 
than those in the amended cylinders. This indicates that mixing the soil in the cylinders 
during sampling had little effect on plate count numbers. Changes in numbers of plate count 
bacteria in unamended soil were closely correlated (I = 0.75. P < 0.01) with changes in 
the soil moisture content (Figs 1 and 2) especially after day 32. 

0 10 20 30 40 50 70 90 

TIME [days) 

FIG. 2. Plate count numbers of bacteria in Sceptre field soil. 

J1 50 5 DIRECT COUNT 40 

TIME (days) 

FIG. 3. Fungal hyphal lengths and total numbers of bacteria in Sceptre field soil. 
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The direct count of bacteria increased by a factor of two following soil amendment 
(Fig. 3) declined rapidly during the next 4 days and remained relatively constant until day 
32. Following heavy rainfall (days 32-37), numbers increased to a second peak on day 42 
before declining. Total numbers in unamended soil and in field soil declined to one-half 
their initial values after 7 days and then remained relatively constant. The correlation 
(r = 0.89, P < 0.01) between total numbers of bacteria in the unamended soil and the field 
soil, again indicated that the population inside the cylinders was very similar to that in 
the rest of the field. 

Lengths of fungal mycelium from amended soil (Fig. 3) increased from 570 to 830 m/g 
after 7 days, then declined slightly as the moisture content decreased. A sharp increase in 
mycelial length occurred in response to the heavy rainfall occurring between days 32 and 37 
(r = 0.62, P < 0.05 during the experimental period for fungal mycelia and soil moisture). 
Mycelial lengths in unamended soil remained relatively stable for 25 days reached a 
minimum on day 31, and then increased, again in response to the heavy rainfall. 

Microbial biomass 

Soil biomass present as bacteria and fungi was dominated by the fungal component 
(Table 2). The ratio of fungal C/bacterial C ranged from 3 to 4 during the first 7 days, 
and then increased from 5.5 to 11.5 during the period If-87 days. A slight decrease was 
apparent on day 104. 

TABLE 2. BIOMASS C OF BACTERIA AND FUNGI IN AMENDED SCEPTRE FIELD SOIL 

Day No. Bacterial C Fungal C 
Total 

Biomass C 
Ratio 

Fung. C : Bact. C 

0 70 
3 99 
5 108 
I 119 
9 65 

11 32 
18 45 
25 47 
32 54 
37 66 
42 85 
46 68 
56 71 
87 45 

104 3x 

Lptg C:g soil) 

306 
374 
34x 
449 
354 
374 
309 
405 
297 
546 
509 
667 
709 
524 
339 

376 4.4 
473 3.8 
456 3.2 
568 3.8 
419 5.4 
406 11.7 
353 6.9 
452 86 
350 5-s 
612 8.3 
594 6.0 
735 9.8 
780 10.0 
569 11.6 
377 8.9 

Identifiable biomass C (both bacterial and fungal) increased from 376 ,ug/g before 
amendment to 568 pg/g after 7 days, a net increase of 192 pg C/g soil. Labelled C remaining 
in the soil at this time was 559 pg/g (Table l), a decrease from the original labelled C 
added of approximately 40 per cent. This decrease is attributed to 14C02 respired by the 
microbial populations. 

Nitrogen i~?~mobilizat~o~~, rni~era~~zat~~n and balance 

Only 17 per cent of the lsNH,r5 NO, applied initially remained in the mineral form after 
3 days (Table 3) indicating that approximately 80 per cent had been synthesized into 
microbial materials during the period of rapid C decomposition (Fig. I). The organic N 
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TABLE 3. PER CENT OF L.ARELLED N IN THE PLOW LAYER OF AMENDED SCEPTRE FIELD SOIL 

Day No. Total-N NH:-N NOT-N Organic-N 

759 

3 964* 1.3 
5 98.8 0.3 
7 97.1 0.9 
9 95.0 0.4 

11 97.1 0.5 
14 96.2 0.4 
18 97.1 0.4 
25 98.3 0.4 
32 97.5 @5 
j7 92.5 0.3 
42 93.5 0.3 
46 90.9 0.3 
56 90.9 0.5 
71 88.4 0.2 
87 91.3 0.2 

104 89.1 0.3 
191 92.6 0.6 

* Proportion of labelled N present at 0 time. 
t By difference. 

15.5 79.6? 
9.9 886 
7.8 88.4 
6.5 88.1 
6.6 90.0 
6.5 89.3 
6.8 89.9 
6.0 91.9 
5-6 89.4 
3.1 89, t 
2.4 90.8 
2.5 88.1 
1.7 88.7 
0.6 87.6 
i-2 89-9 
2-6 86.2 
3.6 88-4 

fraction containing labelled N increased to 89 per cent at day 5 and then remained quite 
constant. Mineral N present was predominantly in the form of NO;, which decreased 
rapidly during the first 7 days and then remained steady at 6 per cent until day 32, when it 
decreased to 3 per cent. The amount of total N present varied from 95 to 98 per cent of added 
N until after day 32, when it declined to approximately 90 per cent of that applied. This 
decrease after day 32 coincided with heavy rainfall at this time. 

A nitrogen balance-sheet drawn up for samples from the undisturbed large cylinders 
indicates that all the labelled N added to the plow layer was recovered within the upper 
56 cm (Table 4) after 104 days of incubation. Differences between the two replicates sampled 
were small (data not shown) for all depths. Of the labelled N occurring beneath the plow 
layer, 5 per cent occurred from 12 to 30 cm and 1 per cent from 30 to 40 cm, indicating that 
rainfall was responsible for leaching some of the NOT-N. This accounts for the decrease 
in the amount of applied N and labelled NO; recovered after day 32 (Table 3). The propor- 
tion of applied N recovered in the plow layer of the smalier cylinders (Table 4) was within 
experimental error of that in the large cylinders sampled frequently throughout the 

TABLE 4. NITROGEN DISTRIBUTION AND BALANCE SHEET 
FOR 15NH,15N0, ADDED 7’~ SCEPTRE FIELD SOIL 

Depth 
(cm) 

Amended % of 
soil added N 

@g N/g soil) @g N/g soil) 

o-12 40.2* 95.6 
12-30 2.2 5.2 
30-40 0.5 1.2 
40-56 0.2 @5 
56-71 0.2 0.5 
71-86 0.0 0.0 
86-100 0.0 0.0 

103.0 

* Average of two replicates. 
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TABLE 5. UNLAMiLLFD NO,-N CONCENTRATIONS IN %XPTRE SOIL DURING THE 

FALLOW PERIOD 

Day No. 

Amended 
cylinder 
O-12 cm 

incubation period (Table 3). The high recovery and relatively low leaching is attributed to 
the large amount of labelfed N rapidly synthesized into microbial tissue and its retention 
in organic form thruughout the experiment. 

The pattern of nitrate accumulation in the plow layer was similar in both amended 
cylinders and in adjacent fallow soil (Table 5). Mineralization occurred slowly until day 32 
(with approximately 10 pg/g at 32 days) and then increased to 18 and 27 ilg/g, after 104 
and 191 days respectively. Nitrogen mineralization in the upper 60 cm of field soil showed a 
similar trend to that in the plow layer and followed cfoseiy figures for soil respiration 
{r = @90, P < 0.01). 

DXSCUSSION 

Transformation of added “NH4”N03, disappearance of added glucose and decline of 
labelled C, together with increased microbial numbers, indicated that substrate added to 
Sceptre soil was rapidly assimilated into microbial tissue or transformed into organic meta- 
b&es. These immobilized tracers exhibited a high degree of stability throughout this field 
study. The relative stability of the microbial material present after day 32 is given by its 
half-life, which is calculated to be 180 days as compared to only 4 days for glucose. Sorensen 
andPaul (1971) observed that “C-labelled acetate was metabolized under laboratory condi- 
tions with a half-Iife of 3.4 days. This was followed by a slow decomposition of the 14C_ 
tabelfed amino acids and amino sugars formed during the initial incubation period. Decay 
curves plotted on semj-logarithmic scale (Sorensen, 1972) indicated haif-lives of 6-7 years for 
labelled C in amino acids. Persson (1968) used Fehling’s solution to establish that added 
glucose was completely exhausted durir,g the initial period of intensive microbial attack and 
confirmed the work of Jansson (1960) who used 14C and found that labelled carbon 
exhibited great stability after assimilation by microorganisms. 

FoIlowing the initial period of microbial attack about 60 per cent of the added carbon 
remained in the soil as synthesized soil biomass and metabolites. Payne (1970) showed 
that certain microorganisms growing aerobically in culture can attain efficiencies as high 
as 60 per cent during the logarithmic phase. A model designed to fit COZ evolution data 
obtained during a laboratory study (McGill, PauI, Shields and Lowe, 1973) also indicated 
that C could be utilized with an efficiency of 60 per cent by soil fungal and bacterial 
Populations. This is considerably higher than the generally accepted value for laboratory 
experiments where only 20-40 per cent of the added C remains when the decomposition 
curve levels off (Jansson, 1960; Persson, 1968 : Wagner, 1968; Sorensen and Paul, 1971). 

Estimates of total bacterial numbers were generally one order of magnitude greater than 
for plate count numbers which conforms with differences reported by Clark (1967). The 
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greater differences in unamended compared with amended soils are in agreement with 
Jensen (1936) and Rice and Paul (1972) who reported a decrease in ratios between total and 

plate counts following addition of organic matter to soil. The patterns of change of bacterial 
numbers in the amended soil as determined by the two techniques are also different. This 
could indicate that up to day 3 plate count organisms were multiplying and the cells were 
using added C and N as substrates. Between days 3 and 7, bacterial growth continued, as 
indicated by the amount of labelled C lost; however, the death rate exceeded the growth 
rate, resulting in a slow decline in numbers of cells. Persistence of the dead cells in soil, 
together with the viable cells, could be reflected in the continued increase in direct count 

numbers. Following day 9, lysis of dead bacterial cells may provide substrate for the 
maintenance of viable cells, resulting in the decrease in numbers determined by the direct 
count technique, but with relatively little change in viable numbers. 

The use of a fallowed soil in this experiment reduced difficulties in interpreting data that 

arise from the presence of living plants and their roots. Root exudates and sloughed off cells 
increase the amounts of substrate available to microorganisms, and it is rarely possible to 
differentiate between root respiration and microbial respiration. However, the amounts of 
substrate added in the present experiment (937 pg C/g soil) and their C: N ratio of 25 : 1 are 
similar to those added naturally to a similar virgin soil in the form of dead plant shoots, 
roots, exudates and rhizomes. Microbial counts are also similar. 

Calculation of substrate utilization by microorganisms in providing maintenance energy 

In the laboratory, it has been demonstrated that the amount of carbonaceous substrate 
(energy)consumed by microorganisms is not directly related to growth. A small proportion 
of the energy is required by all living organisms to replace unstable cell constituents. This 
energy, referred to as specific maintenance energy, is independent of the rate of growth 
(Marr, Nilson and Clark, 1963). Difficulties are known to arise in determining the propor- 
tions of energy utilized for growth or maintenance in an actively growing population 
(Marr et al., 1963; Babiuk and Paul, 1970). 

In the present field study, plate and direct counts of bacteria and fungi between days 9 and 
32 indicate that these populations were relatively stable. Measurements of labelled 
C remaining in the soil during this period showed the respiration rate of i4C02 was low 
and measurements of CO, activity (E. de Jong, personal communication) showed the rate of 
soil C respired within the plow layer was also low indicating that the microbial populations 
were utilizing energy primarily to maintain themselves. If little net growth occurred during 
the 23-day period, then it can be assumed that labelled CO, respired (60 pg C) was derived 
from energy processes used in the maintenance of the microbial population. The amount of 
substrate available for utilization is postulated as being derived from microbial material 
released during the decrease in populations occurring from days 7 to 9. The direct counts of 
fungi and bacteria, when converted to biomass, indicate a 108 ,ug/g decrease in bacterial 
biomass and a 192 pg decrease in fungal biomass for a total measured decrease of 300 pg/g 
during this period. 

Calculations based on plate count data indicate that the average viable bacterial biomass 
present during the 23 day period was 25 pg/g. Comparison of total to viable counts for 
bacteria in that time interval yields a ratio of 5 : 1. Studies on the occurrence and activity of 
fungi in a wheat field soil indicated that an average of only 23 per cent of hyphae measured 
were viable (Warcup, 1957). Similar results have been observed for fungal mycelia in forest 
layers (Nagel-de Boois and Jansen, 1971). Applying a similar figure (20%) to hyphal length 
measurements in the present study gives 700/5 or 140 ,ug/g of viable fungi. These data, 
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together with the 300 pg/g decrease in biomass, appear to provide a basis upon which to 
calculate amounts of substrate C or energy used for maintenance by mixed fungal and 
bacterial populations under field conditions. 

Using 

dx 
,+ax=J$ (1) 

(Marr et al., 1963) where for maintenance, in the absence of growth dx/dt = 0. Then, 

ds 

a-y = Y Z (4 

where : 

y = yield coefficient (g of organism/g of substrate) = 0.60 
a = specific maintenance/h 
x = concentration of cells in g/g (25 for bacteria + 140 for fungi = 165 pg/g) 
t = (32-9) days = 23 x 24 = 552 h 
s = substrate for maintenance in g/g = 300 pg/g 

(0.60)(300) 
According to equation (2), a = (165)(552) 

= 0.002/h. 

The above calculation assumes that the energy for maintenance was derived from the 
decrease in microbial biomass during the 7-9 day period. This is a possible assumption 

considering the high population previously developed upon addition of the labelled 
substrate. The efficiency estimate of 60 per cent was obtained from the original amount of 
labelled C stabilized in the soil as microbial tissue and metabolites. It also agrees with the 
data cited by Payne (1970) for the theoretical growth yields of aerobic cultures grown where 
the energy supply limits growth. The use of an efficiency factor of 0.35 as used by Babiuk 
and Paul (1970) and Gray and Williams (197 1) would result in a specific maintenance value 
of 0.001/h for organisms capable of forming colonies during incubation before colonies are 
counted. 

The specific maintenance calculated above for viable mixed populations under field 
conditions is much less than that determined in laboratory studies. Marr et ~1. (1963) 
observed that specific maintenance requirements of bacteria ranged from 0.025 to 0.028/h 
when glucose was added to a batch culture, fed rapidly such that only a small fraction was 
used for maintenance or fed slowly such that a large fraction was used for maintenance. 
Calculations based on the turnover of protein yielded a specific maintenance of 0.016/h. 
The turnover of protein by bacteria was also studied by Koch and Levy (1955) who 
concluded that turnover of protein in growing cultures was probably less than 0.001/h. 

In the present study, the calculation of specific maintenance is based on data obtained 
from detailed measurements of microbial growth parameters during a period when little soil 
or labelled CO, was evolved. The calculations stress the low turnover of much of the soil 
population under natural conditions since the values of 0.002/h and 0.001/h were calculated 
on the basis of plate counts; calculations based on direct counts would give even smaller 
values. During the period of rapid increase in microbial numbers, most respiration could 
be attributed to growth. Only 40 per cent of the added substrate was lost as ’ 4C0, by day 7 
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with a residue of 559 pg C/g soil. Microscopic biomass determinations showed a net increase 
of 192 pg C/g soil as microorganisms during this period. However, microbial production 
must be greater than this as only negligible amounts of low molecular weight sugars were 
found in the soil after the first flush of microbial activity. The remaining labelled C 
(559 - 192 pug C/g soil) must be assumed to have been incorporated into uncounted 
biomass, turnover of the original population, or high molecular weight constituents 
(metabolites). Retention of most of the labelled C and N within the soil biomass or as 
adsorbed metabolites is supported by the low level of C decomposition, consistently high 
organic N values and stable numbers of plate count bacteria. Although labelled C and N 
were relatively stable throughout the summer, soil C and N were mineralized faster later 
in the year, indicating that turnover of the population was supported largely by use of non- 
labelled soil constituents during the later period. 

The data, although raising as many questions as providing answers, show the feasibility 
of using tracers together with other methods of microbial measurements to estimate 
microbial activity and growth in the soil system under field conditions. 
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