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ABSTRACT

The water soluble carbon fro« soil extracts were taken fro« a two

hundred point grid established on a 1.2 ha field. The sampling was in

the fall after the harvest of a sorghum crop. The concentrations

ranged fro* 23.8 ppm to 274.2 ppm. Over 90 per cent of the

concentrations were grouped around the mean of 40.3 ppm. The higher

values caused the distribution to be greatly skewed such that neither

normal nor log normal distributions characterized the data very well.

The moisture content from the same samples followed normal

distribution.

Changes in the mean, the variance and the distribution of water

soluble carbon were followed on 0.4 ha of the 1.2 ha in a grid of

sixty points during a crop of wheat and a subsequent crop of sorghum.

The mean increased in the spring, decreased in the summer and

increased again in the fall. The spring and summer concentrations are

well characterized by log normal distributions.

The spatial dependence of water soluble carbon was examined on a

fifty-five point transect across the field spaced every 1.37m. The

variogram indicated little or no dependence at this spacing.



Introduction

Carbon is one of the most important single elements in soil.

Plants fix CO2 through photosynthesis forming carbonaceous compounds.

When the plant residues are incorporated in the soil, soil microbes

decay the carbonaceous compounds, utilizing the stored energy for

their metabolism as well as carbon atoms for their cell structure.

Through oxidation, reduction, mineralization, immobilization,

volatilization and other reactions, these organisms control many

mineral transformations. Thus, the amount and availability of soil

carbon strongly influences biological processes such as pesticide

degradation and denitrification. In order to better understand the

dynamic nature of carbon mineralization and its effects on soil

processes, it is considered important to understand how carbon varies

temporally and spatially in field soils.

Water soluble carbon concentration in soils has been

significantly correlated with some biological processes (Burford and

Bremner, 1975). If water soluble carbon is assumed to be a good index

of "available" carbon for soil biological processes, it is important

to understand the variability of this parameter over the expanse of a

field and at various times of the year.

The objectives of this research were to determine if soil

extractable, water soluble carbon is a dynamic parameter which varies

over time and space and to attempt to estimate the magnitude of that

variation. Therefore, this experiment was established to determine

the mean, the variance, and the distribution of this parameter over a

field with respect to space and time.



Materials and Methods

A two hundred point grid was established in November, 1979 on a

1.2 ha field which had previously been cropped to sorghum. The soil

is classified as a Yolo loam, a member of the fine-silty Mixed,

nonacid, thermic typic Xerorthens family, at Davis, California. All

standing vegetation had been removed and the field had been disked

twice to a depth of Q.2m. The grid consisted of ten rows and twenty

columns each 8.2m apart and the samples were obtained using a soil

tube (25 mm I. D.) at the intersections of the rows and columns to a

depth of 0.2m.

Shortly after the grid sampling, the field was planted to wheat.

Following the harvest of the wheat in Hay, 1980, the field was planted

to sorghum. The sorghum was irrigated four times including a

preirrigation with the last irrigation occurring at the end of August.

The samplings reported in this paper refer to the 200 point grid on

the total 1.2 ha, a 60 point grid (8.2m x 8.2m) on 0.4 ha of the total

larger grid and one transect, 55 points spaced every 1.37m crossing

the field. Table 1 lists the crop sequence and the sampling dates.

All samples were sealed in polyethylene bags and stored at -1O0C

until analyzed. The analysis for water soluble carbon followed the

procedure of Burford and Bremner (1975) with slight modifications.

After the soil was thoroughly mixed, 10 ml of double deionized

distilled water was added to 20 g. of soil in a 50 ml centrifuge tube.

The sample was shaken for fifteen minutes and centrifuged at

11,000 RFM for 7 minutes. The supernatant was decanted and

centrifuged again for one hour at 11,000 RFM. The remaining solution



was filtered through a 0.45 micron XF millipore filter. The filtrate

was analyzed on a Dohrmann DC-80 Total Carbon Analyzer. All analyses

were run in duplicate. Every data point presented below represents

the average of two subsamples.

I

Results and Discussion

A. Distribution over the 1.2 ha Field.

Figure 1 is a histogram of the water soluble carbon extracted

fro* the 200 point grid. The x axis is scaled in a class size of

2 ppm and the y axis represents the numbers of sites within each class

size. The data ranges fro« a minimum of 23.8 ppm to a UXiMM of

274.2 ppm; however, it is evident that the bulk of the stapled

population (greater than 90% of the sites) is grouped between 23.8 pp»

and 48.2 pp«. Figure 2 shows concentrations at the lower end of the

range by deleting the higher values which skew the distribution to the

right.

To assess the overall pattern of distribution, a fractile diagram

has been presented in Figure 3 whereby the ordered data has been

plotted against a probability value (Probit) derived fro« a table of

normal distribution. In a fractile1. diagram, if the data is normally

distributed, it will be linearly represented. As indicated in the

histogra« in Figure 2, the fractile diagram in Figure 3 shows normal

distribution approached for the concentrations below 50 ppm, but the

overall distribution cannot be described as normally distributed since

the higher values cause a wide departure from linearity.

Normal distribution aptly describes the corresponding moisture

contents of this sampling. This is well illustrated in the histogram

of Figure 4 and the fractile diagram of Figure 5. All of the seven



samplings presented here exhibited normal distribution of the moisture

content, whether the mean was high (0.22, in the July sampling) or low

(0.13, in the October sampling).

The importance of the water soluble carbon distribution is that

the preponderance of values clustered around the mean might result in

a high value being considered as unrepresentative, as an outlier or

even cause it to be rejected as an experimental error. Whereas, in

fact, the higher values are an integral part of the population and

should be expected under similar circumstances. Verification of this

was observed in that the grid under comparable circumstances one year

later exhibited the same skewed distribution (see Figure 7e).

B. Changes in the Distribution of Water Soluble Carbon Over Time.

Five samplings of the 60 point grid were analyzed. A summary of

the relevant statistics is presented in Table 2. Figure 6 presents

the mean of each sampling as a closed circle and the striped bars

present plus and minus one standard deviation. Since Bartlett's test

proved that the variances were unequal, a test of Independent Samples

and Unequal Variances (Steel and Torrie, 1980) was used to compare the

means. The alpha level for the multiple comparison was established

following procedures outlined by Winer (1971). Means which are

significantly different at the 0.05 probability level are followed by

different letters in column eight of Table 2.

The mean of the November, 1979 60 point grid is not significantly

different from any of the other samplings. This is readily observable

in Figure 6 in that the relatively high standard deviation for this

sampling virtually encompasses every other mean and associated



standard deviation. The spring sanpling under wheat (April) indicates

an increase in the Mean and a considerable decrease in the standard

deviation.

There are several factors which may explain this 25% increase in

the mean. Vigorously growing plants contribute water soluble carbon

by means of root exudates, sloughed off cells, detached root hairs,

mucigel and so forth. The »ore favorable growing conditions of April

would induce an actively growing microbial population which would

utilize the readily available energy source but also increase the

decomposition rate of the pre-existing soil organic matter. Also,

solüble carbon has been shown to increase when soil is subjected to

cold treatments. Although this soil was not exposed to extensive

hours of freezing temperatures, any reduction in the microbial

population would contribute to an increase in the water soluble

carbon.

The decreased variance of the April sampling is more difficult to

explain. Winter rains transport water soluble carbon deeper into the

profile and the continually moist conditions would cause diffusion of

high concentrations. Reducing the higher values over the winter while

raising the overall mean in the spring would decrease the variance.

The April mean is significantly different from the means observed

during the summer (July and August) though it is not significantly

different from the October mean. The July sampling mean is slightly

higher, but not significantly different from the August mean. Given

the widely reported flush of CO2 in response to wetting and drying,

the summer month« ought to exhibit the greatest fluctuation in water

soluble carbon observed during the year. Water soluble carbon should



steadily increase as the soil dries in between irrigations. Each

irrigation would then transport soluble carbon down the profile while

reactivating the resting microbial population.

There may be important increases of water soluble carbon during

the drying cycle which were not identified by the two summer samplings

presented here. It seems reasonable to assume that the significantly

lower means of water soluble carbon for the July and August samplings

for an actively growing sorghum field must reflect the flushing action

of the irrigations.

This would seem to be corroborated by the fact that the July and

August means are both significantly lower than the October mean

notwithstanding the high variance of the latter. The crop in October

grew less actively, but since the last irrigation was at the end of

August, there was no flushing out of any water soluble carbon

increases.

Of note is a comparison between the 1.2 ha sampling, the 60 point

(0.4 ha) sampling in November, 1979 (which is simply a subset of the

larger sampling), and the November, 1979 transect. The lowest mean is

36.2 ppm for the transect, followed by 40.3 ppm for the total 1.2 ha,

followed by the highest mean of 43.5 ppm for the 60 point grid. None

of these means is significantly different from one another.

Nevertheless, there is a striking difference in the variances. The

variance of the 60 point grid (0.4 ha) is almost three times greater

than that of the total 1.2 ha and nearly twenty times greater than

that of the transect. This high variance occurs because the two

highest values for the overall sampling both occur in the smaller 60

point grid. Given the smaller sampling size (60 points), the effect



of these values is greater on the statistics of the smaller grid than

on the larger 200 point 1.2 ha sampling.

Figure 7 shows the changes in the distribution of water soluble

carbon for the five grid samplings. The April, July and August

samplings (Figures 7b, 7c, 7d) most closely approximate normal

distribution. However, in each of these cases the log normal

distribution provides a better fit of the data (Table 3). This is

illustrated in a fractile diagram of the April data (Figure Sa)

compared to a fractile diagram (Figure 8b) of the log transformation

of the same data. Neither the November, 1979 nor the October, 1980

samplings are well described by the log normal distribution. This is

illustrated in Figure 9a with the fractile diagram of the log

transformed data of the November sampling and Figure 9b with toe

fractile diagram of the log transformed data of the October sampling.

The distributions and the variances of the 60 point grid seem to

indicate that when there is a crop growing, with water supplied either

by rainfall or irrigation, a log normal distribution provides a good

description of the distribution of the data. In the fall, after

irrigation has been cut off, and before the winter rains have begun, a

small number of sites exhibit high values of water soluble carbon

which greatly skew the distribution of the total population to the

right and cause a deviation from the log normal distribution.

There is good reason to believe that the sources of these high

values in the November and Octoaber samplings are concentrations of

roots or plant residues, or both. The November sampling was conducted

after the field had been thoroughly disked and there was no observable

relationship between the location sampled and the presence of roots or



residues. The October sampling, however, was conducted while the

plants were still in the field, just prior to harvest, and the

location of the sampling with respect to the plants was noted.

Three locations were identified: in the plant bed (within 0.15«

of a plant), the edge of the bed (greater than 0.15« fro« the plant

but not in the furrow), and in the furrow. The lowest mean, 49.3 ppm,

was found on the edge of the bed. This was followed by the furrow

location whose mean equalled 51.6 ppm. The highest mean was in the

bed which equalled 61.8 ppm. Of the thirteen highest values which

cause the skewed distribution, twelve were located in the bed, the

other was located in the furrow. Nevertheless, the values in the bed

were spread over the whole range of the distribution. In fact, the

lower limit of the range was located in the bed.

l

D. Geostatistical Analysis of the Transect

The fifty-five point transect was established to determine if

there existed any spatial dependence between the sites with respect to

water soluble carbon. Not far fro« this field on the sane soil the

spatial dependence of the infiltration rate had been demonstrated.

(Vieira et al., 1981). Since the change in water soluble carbon «ay

be related to downward transport, if spatial dependence could be

shown, it could help to elucidate one of the processes causing change

fro« one sampling to another.

Spatial dependence can be determined by constructing a variogram.

The transect was sampled at fifty-five locations, each 1.37m from it»

nearest neighbor. To determine if there is spatial dependence, the
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deviation of the water soluble carbon at any of these fifty-five

locations, Y., is calculated by subtracting the overall mean fron the

value of the water soluble carbon at that location.

To Measure whether variation increases, decreases or stays

unchanged over a certain distance, h, a statistic is calculated, the

semivariance, YL- Tb-e semivariance is defined by:

(Davis, 1973)

where n equals the number of pairs of points which are each h distance

away. In effect the semivariance takes every pair of points x

distance fron one another and finds the difference in the deviation

between each pair. Then by making the same calculation for other

distances, 2x, 3x and so forth, a comparison can be made as to whether

the degree of variation with respect to the overall variances changes

as a function of distance or in other words, location.

The variogram plots the se»ivariance on the y axis against h on

the x axis. If there is an observable structure to the data, a

spatial relationship can be ascertained. If the data graphs as a

straight line parallel to the x axis, it is an indication that the
.-

data at that spacing is randomly distributed. From the above equation

it should be clear that if the data graphs as a straight line it means

that the semivariance, the difference in the deviation, between the

pairs at the various distances calculated, is the same. Hence there

is nc relationship as a function of distance and the data can be said

to be randomly distributed.
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In Figure 10 there is only the slightest possibility of

structure. It can be observed that the semivariance of all the pairs

up to 8.2m are below the total variance. Nevertheless without

stronger evidence plus the test of autocorrelation showing

nonsignificance it can be concluded that there is little evidence of

spatial dependence of the water soluble carbon at a distance of 1.37m.

E. Minimum Samples Required

The number of samples required to attain a sample mean within

ten percent and five percent of the "population" mean attained with a

greater number of samples was determined by the following calculation:

w - /Z value x Standard Deviation 2, ,_ - , T«,.,.-- i aim ̂i
N - ( % tolerable error x mean ) ' (Steel and Torrie 1980)

These results are presented in Table 3. The determining factor in the

number of samples required is the ratio between the standard deviation

and the mean. Given the range of the standard deviation (6.8 ppm -

32.1 ppm) and the range for the mean (36.0 ppm - 96.2 ppm), the

number of samples required to be within 10% error appears to be more

sensitive towards changes in the standard deviation than changes in

the mean. If the ratios of the standard deviation to the aean are

ordered from lowest to highest, those samplings most closely following

normal distribution require the fewest number of samples. Since the

procedure outlined above assumes normal distribution, this result

should not be unexpected.
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Conclusions

A. A 200 point grid was established on a 1.2 ha field which was

thoroughly disked in the fall after the harvest of a sorghiM crop.

The distribution of water soluble carbon was studied. The values

ranged fro« 23.8 ppm to 274.2 pp». Most of the values were grouped

around the Mean but a sufficient number of high values caused the

distribution to be greatly skewed to the right. Neither normal nor

log normal distribution characterized the water soluble carbon data

very well. Normal distribution did describe the moisture contents.

B. The changes in the mean, the variance, and the distribution of

water soluble carbon were studied over time on a 60 point grid of a

0.4 ha cropped field. The mean changed significantly from a high

value in the spring to its lowest value during the summer, to a high

value the following fall.

The variance decreased in the spring, decreased further in the

summer and then increased greatly in the fall. The fall distributions

resembled the 200 point grid described above. However, the spring and

summer data are well characterized by log normal distributions. The

increase of the mean in the spring was attributed to plant

contributions and increased rate of decomposition. The reduction of

the variance in the spring and summer and the decreased mean in the

summer is attributed to the transport out of the sampling zone by

irrigation or rainfall and the increased diffusion under moist

conditions. The lack of irrigation and wet «oil conditions in the

fall, combined with plant growth is proposed as an explanation for the

increased mean, the increased variance, and the departure from a log

normal distribution.
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C. An examination of the spatial dependence of water soluble carbon

by plotting the variogram indicated little evidence of structure when

the sites were spaced at 1.37m, in the fall. On this basis, it was

concluded that if this field is sampled at a spacing of 1.37m, the

water soluble carbon will be randomly distributed.

E. Given the magnitude of the standard deviation and the means of

the field in the spring and summer, it was found that froa 5-16

samples would be adequate to describe the mean within an error of 10%.

A far greater number, between 46 and 146, would be required in the

fall.

F. Further research is warranted in elaborating whether significant

changes in water soluble carbon occur during an irrigation cycle.

From reports in the literature, there is good reason to suspect that

during the drying phase water soluble carbon reaches a maximum, thus

providing a readily available energy source to coincide with the

anaerobic conditions of the irrigation. Assessing the relative

importance of the processes causing change (transport, diffusion,

decomposition, and plant exudation) would establish whether the water

soluble carbon content of a field is an alterable parameter for

practical considerations.
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Table 1. Sampling dates, crop status and relevant field operations of
0.4 ha grid.

Sampling Date

Oct., 1979
Nov., 1979
Dec., 1979

Apr., 1980
May, 1980
June, 1980

Crop

SorghiMi

wheat
wheat

Operation

harvested
field prepared for wheat
wheat planted

harvested
field prepared for sorghua

3 July, 1980

4 Aug., 1980

5 Oct., 1980

sorghu*

sorghua

sorghum

field planted

last irrigation

harvested
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Table 3. Square of Correlation Coefficients of Fractile Diagrams and Minimum
Number of Samples to Approximate the Water Soluble Carbon Mean of Each
Sampling.

Sampling

1.2 ha Grid

0.4 ha Nov. Grid

0.4 ha April Grid

0.4 ha July Grid

0.4 ha Aug. Grid

0.4 ha Oct. Grid

rmal R2

.38

.29

.98

.67

.97

.64

LOK Normal R2

.82

.68

.99

.86

.99

.84

±10%

63

146

5

16

11

46

±STL

249

592

20

64

44

182
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MOISTURE CONTENT,I.2 HA,NOV.79
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HATER SOLUBLE CARBON <m>

Fig. 8a. Fractile diagram of Water Soluble
Carbon (PPM) of soil extracts from April, 1980
sampling of 60 locations on 0.4 ha grid.
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Fig. 8b. Fractile diagram of log of Water
Soluble Carbon (PPM) of soil extracts from
April, 1980 sampling of 60 locations on
0.4 ha grid.
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Fig. 9a. Fractilc diagram of log of Water
Soluble Carbon (PPM) of soil extract«
from November, 1979 sampling of 60 location*
on 0.4 ha grid.

Fig. 9b. Fractilc diagram of log of Water
Soluble Carbon (PPM) of soil extracts from
October, 1980 «ampling of 60 locations
on 0.4 ha grid.
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