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GENERATL INTRODUCTIOTN

The beneficigl effect of the drying of soils
upon their fertility has been a recognised fact in
agricultural practice for many centuries. Russell,

(16., p.p. 343-344), points out that this effect has
been brought sbout, either by the exposure of the soil
to the baking heat of the sun -- as in India and in
Egypt, (Prescott (15) ), or by deliberate burning of
the soil. The increasing interest in soil science within
recent years has stimulated investigation of this phenom-
enon from various viewpoints: evidence has accumulated to
show that the beneficial effects of drying are due to
changes in both the physical and the microbiological
conditions of the soil. ILebediantzef (11) considers
that
"the process of drying is a factor
controlling to a large extent the
fertility of the soil, and as such
must play an important rdle in all
processes of increasing the soil
fertility.'

From the point of view of the microflora, it
must be borne in mind that changes in the soil which are
beneficial to bacterial activity are similarly beneficisal
to plants and that estimations of such activities, there-

fore, may be taken as indicative of the fertility of a

soil with respect to the crops which it may yield.



HISTORICAL

Gedroiz (4) found increases in yields of oats
grown on soils which had been dried for a number of yesars,
the increase being relatively much greater in the unman-
ured than in the manured soil. Lebediantzef (11) also
reports that "the regsponse of a soil to drying increases
as the fertility decreases'. Klein (9) found, in pot-
tests, that the increase of yield was proportional to
the degree of desiccation. This fact was corroborated by
Lebediantzef (11) who found that remoistening of partially-
dried, cultivated, Russian soils causes decreases in
yield, until the moisture content falls to, at most
6 per cent, after which marked increases in fertility
occur.

The effect of drying upon the water-soluble,
and colloidal, constituents of soils has been exten-
sively studied by various workers, among whom may be
mentioned Gustafson (6), Steenkamp (17) and Kgnig and
others (10). Gustafson (6) who gives an extensive bib-
liography reports that oven- or air-drying increases
the water-soluble constituents, but tends to decrease
the nitrate content. Steenkamp (17) found that

'"drying of a so0il is a most
powerful natural factor in
helping in the transformagtion
of plant nutritive substances

from a potential to an active
form; and the resulting



'inereagsed fertility of the

soil can hardly be dissociated

from the improved physical

condition due to flocculation

of the soil colloids'.
Konig and his associates (10) found that the effect of
drying was a partial destruction of the colloidal state
and a consequent release of the adsorbed nutrients.

Klein (9) tested fertility inereases on dry-
ing both by pot-tests with plants, and by estimating bac-
terial activity by means of carbon aiAXide evolution
and nitrate formation; he found that increases occurred
in both of these estimations of bacterial activity.
Further periods of drying showed further increases.
Waksman and Starkey (20) report similar results with
carbon dioxide evolution, together with increases in
bacterial numbers; they do not report estimations of
nitrification. Khalil (8) remoistened soil to 70% of
its water-holding-capacity and concluded that the avail-
ability of added organic matter had been increased.
With regard to the effeets of drying upon

different layers of soil, Lebediantzef (11) is appar-
ently the only worker who hag studied this point, but
as his work was done on layers of O to 20 em. 20 to
40 cms., etc. it has little bearing on this present

investigation. In concluding the reference to

Lebediantzef's work, however, he reports that the



upper 5 cm. of goil is the most fertile due to its con-
tinual exposure to natural drying and wetting. Finally,
he points out that drying of soil has effects upon fertil-
ity essentially similar to, though somewhat less pro-
nounced than, those produced by volatile antiseptics,
i.e., partial sterilization.

The gum of these investigations tends to show,
therefore, that increases in periods of drying of soils
incréase the fertility resultant on reméistening and that
the percentage increases of the fertility of dried, re-
moistened soils, are the greater, the lower the initial
fertility.

One further point, with reference to previous
work, lies in the lack of uniformity of the degree to
which s0ils are remoistened after drying. Many workers
give no definite figures while others express the value
for moisture as percentage of soil mass. The wide range
of values shown by the water-holding-capacities of various
soils, emphasises the fact that the moistening of differ-
ent soils to an equivalent percentage of their mass does
not imply that the moisture available for crops is the
same in each soil. In other words that one soil con-
taining say 40% total moisture may be 1009 gaturated
while anotiier soil of an equal percentage moisture is

only 50-60% saturated. Greaves and Carter (5) have



shown that the value 60% of the water-holding-capacity
of a soil, which many investigators have proven to be
the optimum for crop yield, is also the optimum for
certain types of bacterial activity. This value has
been used throughout in the studies of remoistened soils,

with which this investigation was concerned.



OBJECT OF INVESTIGATION

The purpose of this study was to ascertain
the effects, under controlled conditions, of moisture
reaching soils which had received different manurial
treatments, after they had been air-dried for varying
lengths of time; witi: especial reference to changes in
numbers of bacteria and ray-fungi, (Actinomycetes),

carbon dioxide evolution and nitrate-nitrogen.
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EXPERIMENTAL WORK AND DISCUSSION

SOILS USED

The five soils used for this investigation were
obtained from the Central Experimental Farm, Ottawa, Ont.
Their cultural history for the last eighteen years consisted
of a four-year rotation of mangels, oats, clover hay and
timothy hay. Each of the four sections of the field used
for this rotation was subdivided on the basis of manurial
treatment (see Fig. 1). The sections growing mangels were
used for sampling; the data concerning the samples obtained
are listed in TABIE 1. The letters i, N, X, Y and Z were
those used by the Division of Field Crops at the Experimental
Farm as distinguishing marks and they have been retained,
for convenience, as laboratory indexes.

The method of sampling was as follows:- a trench
was dug with a spade, the top inch of the adjoining soil
removed and samples taken from the gides of the trench at
2"-5" and 6"-8" inclusively. Samples were taken in this
manner at four different spots on each soil and thoroughly
mixed to form a composite sample from each level. On arrival
at the laboratory the samples were divided, one half being
placed in air-tight bottles and stored in o cool dark place,
the other half being allowed to dry in the air for 14 days;
when thoroughly dry these units were kept in 'Kraft'paper-

bags. At any one time of sampling, therefore, four units



FIGURE 1.

Showing relative position of goil
samples in rotation field.

MiX Y 17 | N
P
A
HANGEES |  OATS CIOVER  TIMOTHY  iANGELS
TABLE 1.
Laboratory Type of Treatment per acre for
Index. Soil. the last 18 years.
Soil il sandy clay No manure or fertilizer (for 10 years)
(only.
Soil N gandy loam  Ilo manure or fertilizer
Soil X " " 15 tons of manure every 4th. year of
the rotation.
Soil Y " " no manure,
100 1bs. sodium nitrate )(applied
300 1lbs. superphosphate ) (every
75 lbs. muriate of potash)(lst.year.
100 1bs. sodium nitrate every 2nd., drd.,
and 4th. year.
Soil Z clay loam

7.5 tons of manure per acre every
4th. year.

50 1lbs. sodium nitrate  )(
150 1bs. superphosphate )(every 1lst.

32.5 1lbs. muriate of potash)(year.

100 1bs. sodium nitrate every 2nd., 3rd.,
and 4th. years.



were obtained from each of the five soils, i.e., composite
samples from {two levels, further divided into moist and
ailr-dried units.

Samples of the soils were tgken on the following

dates: -

July 15, 1930

September 5, 1930

October 12, 1930
There were thus sixty units of soil on hand at the
commencement of the experimental work, wﬂich was under-

taken in the Bacteriology Department of Macdonald College,

Que., under the supervision of Prof. P. H. H. Gray.
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METHODS

The experimental work falls into three phases,
namely, studies on the a.) moist units, b-1.) air-dried
units and b-2.) remoistened units of the soils.

a.) Estimations were made of the total moisture, nitrate-
nitrogen and numbers of bacteria and ray-fungi in moist
units. The amount of carbon dioxide evolved during a
period of from 300 to 500 hours was also determined.

b-1.) Determinations of the hygroscopic moisture and the
water-holding-capacity were made on air-dried units.

b-2.) The studies on air-dried units, efter remoistening
to 60% of their water-holding-capacity, consisted of
daily estimations of bacteria and ray-fungi for 5 days
after treatment and of nitrate-nitrogen at intervals.
The evolution of carbon-dioxide for a period of 14
days was also determined.

The methods employed for these studies are described in

full below.

liethods Fmployed in the Studies on Moist and Air-dried Soils.

Hygroscopic moisture was determined by drying 10 gm.

of air-dried soil, after passing it through a 3 m.m.
sieve, at 105°C. for 24 hours; the loss of weight being

expressed as a percentage of the air-dried soil. The
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results of these determinations are given in TABLE 2.

Water-holding-capacity: 20 gm. of air-dried soil were

placed in s small filter-funnel containing a Whatman
TWo. 2 filter paper saturated with moisture. Distilled
water was added, to duplicate samples, until the satur-
ation point was reached, as evidenced by the exudation
of moisture between the filter paper and the glass and
its collection at the apex of the filter-cone. The
average amount of water required was exXpressed as a

percentage of the air-dried soil (See TABLE 3).

Total moisture was determined similarly to the hygros-

copic moisture except that the goil was not sieved.
The results were expressed as a percentage of moist

soil and are showvn in TABLE 4.

Microflora: The numbers of bacteria and ray-fungi were
estimated. by the plating method, using Thornton's

asparagine-mannite-agar count medium (18).
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The medium had the following composition in gm. per

litre:-
KoHPOy 1.0
MgS504 .7H20 0.2
CaClZ 0.1
NaCl 0.1
FeClgy 0.02
KNO, 0.5
Asparagine 0.5
Mannitol 10
Agar 15.0

pH adjusted to 7.4 before sterilisation.
The method of making dilutions was g modification of
that described by Fisher and others (2), and may be
outlined briefly thus:- 10 gm. of soil were placed
in 100 c.c. of sterile physiological salt solution
(NaC1-0.5%, }MgS0,.7H50-1.0%) and shaken for 4 minutes
to obtain a suspension of the soil. 1 e.c. of this
suspension was placed in 99 c.c. of sterile saline
golution and shaken for 1 minute. 1 c.c. of this
second dilution was placed in another 99 c.c. of saline
and shaken for 1 minute. ZFrom the lowest dilution
(1/100,000) five plates were seeded with 1 c.c. and

10 c.c. of count medium added.
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After all plates had been poured the liquid remaining
in each dilution vessel was measured in a cylinder,
due allowance being made for gquantities transferred
to plates and vessels. In this way inaccuracies in
dilutions were avoided. The plates were incubated

at 25°C. and the colonies counted after five days.
The results were expressed in millions per gm. of

oven-dried soil.

Nitrate-nitrogen was determined by Harper's kiodif-

ication (7) of the phenol-disulphonic acid method,
the results being expressed in parts per million

of oven-dried soil.

Carbon dioxide evolution was determined by means of

gstandard barium hydroxide. The method was that
previously used by Potter and Snyder (14) and
Neller (12) and described by Fred and Waksman (3).
This is essentially the method ascribed to
Pettenkofer (13) with the modification that the
carbon dioxide~-free air is drawn over the surface
of, rather than through, the soil.

A current of air, freed from carbon dioxide, was
drawn over the surface of 500 gm. of moist soil

in a litre flask, into a series of 3 tubes, each
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containing 33.3 e.c. of standard barium hydroxide
solution (usually about 0.1 N.). The use of three
tubes, rather than one, is in itself a slight mod-
ification, of the apparatus described by Fred and
Waksman (3), which was found necessary for the
complete absorption of carbon dioxide. The rate
of aeration was approximately the same for each
series of five samples. The amount of barium
hydroxide remaining unchanged in the first tube
was titrated at intervals with 0.2 N oxalic acid.
The second and third tubes were titrated at the
end of the experiment and a proportional amount

of the carbon dioxide absorbed by them was added
on to the values obtained from the first tubes.
The results are expressed in mgm. of carbon di-
oxide per 100 gm. of oven-dried soil. Fig. 2,
shows a diagram of the gpparatus used: from

time to time, tests were made of the efficiency

of the absorption tower.



- 15 -

Fiocure 2.

2
[}
—i
<
o
>
&
~
Legend
a - soda-lime tower
b - barium hydroxide bottieé
¢ - flask containing soil
d - spring clip
e) (tubes each containing
f)- (33.3 c.c. of barium
g) (hydroxide
h - screw-clip for regul-

-ating flow

Degeription of apparatus

By thc use of "T"-tubes six suction-
flasks, with their appropriate three tegt
tubes, were set-up in one apparatus.

A small outlet tube containing soda-
lime was also placed between the apparatus
and the filter-pump in omder to prevent

back-suction when the pump was shut off.
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Methods employed in the studies on remoistened soils.

Remoistening - each air-dried soil studied was re-

moistened to 60% of its water-holding-capacity. The
soil was weighed into a large glass dish and the
appropriate volume of distilled water added slowly,

from a pipette, with careful mixing to ensure uniformity

of wetting.

Ideroflora - after some preliminary experiments 1t

was found that dilutions of 1/50,000 gm. and 1/100,000 gm.
were the most satisfactory; four plates were poured from
each of these dilutions, the first dilutions being made
immediately after remoistening. Further tests were made

daily for 5 days.

Nitrate-nitrogen in the remoistened soils was determined

from the same geries as was used for the estimation of
the microflora. The initial test was made within a few
hours of remoistening and further determinations made at

intervals ag shown in the tables.

Carbon dioxide: 400 gm. of air-dried soil were remoistened

ag described above; the sample was then placed in a litre
suction flask and stoppered. 'hen the five soils in a
gseries had been treated, the flasks were connected to the
carbon dioxide apparatus and estimations made as described

previously.
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TABIES OF RESULTS .

In the succeeding pages the results obtained from
the moist and remoistened soils are given in the form of

tables together with discussion.

TABLE 2.

Hygroscopic lloisture Expressed as Percentage of .iir-Dried Soil.

Sample Soils

Depth Collected M N X Y Z

2m-pn October 2.26 1.53 4,96 4,83 1.69
September 1.96 1.31 4,56 3.96 1.48
July 1.41 1.07 4,40 4,36 1.55

618" October 2.03 1.69 4,83 4,98 1.49
September 1.92 1.16 4,59 3,91 1.43
July 1.45 0.87 3.54 4,92 1.47

TABLE 3.

Water-Holding-Capacity Expressed as Percentage of Air-Dried Soil.

Sample Solls

Depth Collected il N X . Y Z

2n-51 October 38.0 3745 67.5 58.0 36,0

6"-8" October 35.0 3645 5l.0 54,0 40.0
TABLE 4.

Total Moisture Expressed as Percentage of Moist Soil

Sample Soils

Depth Collected I N X Y Z

PAL October 11.21 10.28 24.42 21.80 10.76
September 10.07 10.51 26.86 27.46 9.52
July g .. 15.26 31.50 31.07 13.30

6"-8" October 9.60 10.74 20.87 18.78 8.52
September 11.09 13.30 25.53 21.66 9.69
July g .. 13.66 31.45 32.14 & .

4 Denotes samples lost in transit.
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TABIE 5.

Total lioisture Expressed as a Percentage of Oven-dried Soil.

Sample Soils

Depth Collected 51 N X Y Z

21-5"1 October 12.63 11.46 32.31 27.88 12.06
September 11.19 11.71 36.73 37.86 10.52
July 7/ 18.01 45.98 45,08 15.34

6"=-8" October 10.62 12.03 26.37 23.12 9.31
September 12.47 15.21 34.28 27.65 10.73
July ) 15.82 45.87 47.36 @

Total loisture, after Remoistening to 60%'of the Water-

Holding-Capacity, -- Expressed as a Percentage of Oven-

dried Soil.

Sample Soils

Depth Collected L N X Y Z

21m-5" October 25.63 24.40 47.80 41.64 23.68
September 25.26 24.13 45.71 43.70 23.43
July 24.57 23.82 46.97 40.95 23.53

6"-8" October 22.26 24.01 37.24 39.18 25.87
September 23.36 23.32 36.90 37.81 25.78
July 24.60 21.14 48.11 54.51 21.28

4 Denotes samples lost in transit.
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With regard to TABLE 3, it should be noted that
the water-holding-capacity was determined on the October
samples only. These determinations were used as the basis
for the remoistening of all the other samples, since it
was at first assumed that a physical property such as
this would be unaltered in the same soil at different
times of sampling. Further tests, however, showed that
such was not the case and that there were definite -
though slight - differences in the Water-ﬁolding—cap—
acity of the units from different sampling dates.

It may be pointed out, however, that the
figure 60% of the water-holding-capacity 1s essentially
an arbitrary one, the actual range of optimum moisture
conditions being as wide as 55% to 65j> for bacterial
activity. It would appear, therefore, that any error
which has been thus introduced into the remoistening
of the July and September samples by this omigsion is
not of sufficient significance to invalidate comparisons
made between such samples and those of October sampling.

In order to institute a comparison between
moigsture contents of the same soil at different times,
it is essential that the values be expressed on a com-
parable, constant basis. In TABIE 5 are listed the

values for total moisture expressed as a percentage
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of oven-dried soil, together with similar values for
the same units remoistened to 60% of the water-holding-
capacity.

It is interesting to note that these units,
coming as they did from the same field, and hence having
been exposed to the same climatic conditions, yet show
gsignificant differences in their resgpective degrees of
saturation, both in the upper and the lower layers.

The July unit of the fertilized soil "Y' in
the upper layer has a moisture content greater than the
optimum, while that of the manured soil "X" is not sig-
nificantly less than its optimum. All the units of
goils "X" and "Y" are closer to their respective optima
than are the unmanured soils "M" and "I, and the man-
ured and fertilized soil "Z". The moisture contents
of these last three soils in their natural condition
are all in the region of 30% gsaturation.

Attention will be again drawn to this point
in later discussion.

The first series of experiments were made with
the fresh soil collected on the three dates previously
mentioned. Thisg work occupied the time from October to
December. The air-dried soils were then remoisgstened and

similar determinations made upon these; there was in
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consequence an interval of three months between the
commencement of the work on the moist soils as collected
and the samples that had been dried. The results obtained
from the moist and remoistened soils are shown together

for each date of sampling.
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Samples Collected on October 12, 1930

The data for all determinations made upon the
samples collected at this time are shown in TABLE 6

below.



October Samples

a) CARBON DIOXIDE produced from soils, on the basis of mgm.

per 100 gm, of oven-dried soil, for a
periocd of 336 hours.
Soil Days Soils
Unit Stored M N X Y Z
lLolis?t (2n-5m) 10 27.74 20.32 61.83 53.87 25.63
Remoigtened do. 88 54.94 43.74 106.00 100.70 45.03
loist (67-8") 16 19.35 13.07 33-01 40.68 18.07
Remoistened do. 115 54.44 54.19 100.80 90.26 29.24
b) NITRATE-NITROGEN expressed as parts per million of oven-
dried soil.

lois?t (2m-5") 3 8.33 5.80 7.08 6.11 3.90
Remoistened do. 212 8.15 8.16 9.88 8.88 5.82
do. (7)# 32.66 15.30 54.88 40.68 23.87

do. (40) 80.41 20.32 132.10 113.10 56.98
Lioist (e"-8") 23 4.85 5.35 5.79 6.14 4.28
Remoistened do. 218 7.81 7.54 2.71 7.70 6.47
do. (7) 32.90 33.49 48.65 41.48 11.20

c) LIICROFLORA: Bacteria and ray-fungi, in millions per gm.
oven-dried soil.

loist (2r-5m) 5 25.05 25.19 33.67 17.44 20.08
do. 25 12.77 10.86 17.74 15.24 23.34
Remoistened d.o. 212 9.52 4.26 7.97 6.59 8.59
do. (1) 4.62 3.43 6.52 6.11 9.99

do. (2) 7.71 5.25 12.16 6.00 3.89

do. (3) 4.31 6.11 22.04 5.23 b5.85

d.o. (4) 4.66 6.03 10.47 6.83 8.45

d.o. (5) 8.28 7.43 7.66 6.16 b5.62
Moist (6"-8") 18 Oe.o. 9.50 8.27 10.87 7.84
do- 33 5.78 7.44 10.75 7.79 5.21
Remoistened do. 218 4.65 1.94 3.43 2.52 5.89
do. (1) 12.27 5.82 1l1.76 13.23% 18.51

do. (2) 14.26 14.83 28.77 8.22 29.85

d.o. (3) 29.43 12.14 21.15 18.65 25.9%

do. (4) 9.69 13.10 112.10 26.70 46.99

do. (56) 34.69 38.67 65.09 35.34 53.84

# TFigures in parenthesis denote days after remoistening.
0 No value obteined due to contaminagtion of plates.
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From TABLE 6 there are several points to con-
sider, with reference to goil depth, laboratory treatment
and meanurial treatment of the soils. One point which
should be made clear vith regsrd to this and the two
similar Tables following is that the figure for days
stored after the word 'remoistening' refers to the number
of days in which those units were stored in the air-dried
condition. The determinations were made,'or started,
wvithin a few hours of remoistening, and the figures
therefore serve as & basis of comparison both of the
effects of drying and of subsequent changes on remoist-

ening.

Carbon dioxide (See also Figs. 3-17)

Remoistening of the 2"-5" samples which had
been dried and stored for 88 days considerably increased
the amount of carbon dioxide evolved in 336 hours. In
the case of the 6"-8" gsamples, remoistening has had a
greater effect, except in the manured and fertilized
soil "Z". A comparison between the values obtained for
the two depths of different soils, shows. that the greater
amount of carbon dioxide is produced in the top layer of
the moist soils, but that there is little difference, if

any, between the two layers of the remoistened soils,
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with the exception of the manured and fertilized soil "Z".

Nitrate-nitrogen

The amount of nitrate-nitrogen was low in both
the upper and lower layers of the moist soil, at the time
of sampling and after 23 days of storage, respectively.
After 212 and 218 days storage in the dry state the ni-
trates had not increased appreciably. Uithin one week
after remoistening, however, nitrificatioﬁ had proceeded
rapidly, producing increases up to 6-fold the amount
found on the day of remoistening; values equivalent %o
this rate of increase are shown for the upper layer of
soil "X" (manure only) and the lower layer of soil "Y™"
(fertilizer only).

In the upper layer nitrification was least in

soil "N" and in the lower layers, least in soil "z".

Microflora

In the moist soil from the upper layer, after
5 days storage, the numbers of bacteria and ray-fungi
ranged from 17,440,000 to 33,670,000 per gram; these
numbers fell to between 10,860,000 and 23,340,000 after
a further 20 days. The air-dried samples of these soils

were remoistened after 212 days storage at which date
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numbers ranged from 4,260,000 to 9,520,000. The effect
of remoistening varied in the different soils. In no
case diG the numbers reach the original level and in
most cases remoistening appears to have had no effect
in 5 days, with the exception of the manured soil "X"
in which a distinet rise in numbers occurred.

In the moist soils from the lower layer, after
18 and 33 days storage, numbers were apprgciably lower
than in the upper layer. Remoistening seems definitely
to increase the microflora within 5 days. The numbers
in the manured soil "X", and in the so0il receiving manure

and fertilizer "Y", reached a higher level than did those

of the other soils.
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Samples Collected on September 5, 1930

The data for determinations made upon these

samples are given in TABLE 7 below.
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TABLE 7

September Samples

a) CARBON DIOXIDE produced from soils, on the basis of mgm.
per 100 gm, of oven-dried soil, for a
period of 336 hours.

Soil Days Solils
Unit Stored M N X Y Z
lioist (2"-5™") 64 28.02 25.02 74.46 70.08 30.31

Remoistened do. 159 60.66 46.52 125.90 90.07 54.01
lioist (6m-8") 81 21.85 12.é5 58.38 52.46 23 20
Remoistened do. 175 57.29 33.03 110.70 81.93 11.34

b) NITRATE-NITROGEN expressed as parts per million of oven-
dried soil.

Moist (27-51) 28 16.31 5.31 16.63 7.71 6.76
Remoistened do. 260 21.95 10.34 27.97 19.16 10.28
do. (16)# 31.61 00.00 69.08 50.08 29.45
lioist (6"-8") 41 5.67 7.84 19.32 9.34 2.03
Remoistened do. 272 8.35 4.39 9.74 6.19 0.00
do. (17) 35.26 00.00 60 87 46.54 0.00

c) MICROFIORA: Bacteria and ray-fungi in millions per gm.
oven-dried soil.

tioist (2"-5") 56 15.02 16.64 13.72 23.85 10.76

do . 82 8.57 1.63 11.24 8.83 7.11
Remoistened do. 260 No count due to low dilution used.

do . (1) 23.40 15.86 43.44 24.67 32.85

do . (2) 14.79 9.34 13.45 9.16 14.00

do . (8) 23.49 13.32 45.75 20.79 20.92

do . (4) 17.35 11.49 7.48 7.72 12.93

do - (56) 15.82 12.13 7.96 11.08 13.55

Loist (6"-8") 60 8.59 4.12 10.05 8.17 5.47

do . 95 6.12 5.02 8.07 6.16 8.57

Remoistened do. 272 2.56 1.39 4.57 2.74 3.47

do . (1) 21.10 10.77 22.44 19.16 11.69

do . (2) 11.55 5.85 11.70 4.31 18.46

do . (3) 9.15 16.18 19.82 13.65 5.72

do . (4) 19.45 6.52 21.00 7.40 11.87

ao . (5) 10.21 10.97 11.53 6.05 14.64

# Figures in parenthesis denote days after remoistening.



Carbon dioxide (See also Figs. 3-17)

Samples from the upper layer of these soils
were stored in the moist state for 64 days. Soilg "X"
and "Y" produced the greatest amount of carbon dioxide,
about two and one-half times that produced by the average
of the other three soils. The effect of remoistening,
in the case of tle upper layer is to increase carbon
dioxide in all cases, ?hough the increase in soil "Y"
was only of a small order. Remoistening fthe samples of
the lower leyer produced a greater increase in all except

goil "Z", which showed a decrease.

Nitrate-nitrogen

Soils "M" (unmanured) and "X" (manured) both
contain, in the upper layer, slightly more nitrates than
the other three soils. Nitrates increased in all the
soils during 260 days of storage. The effect of remoist-
ening was to increase nitrates, within 16 days, in all
goils except "N". No nitrates were found in "N", in
either tie upper or the lower layer, after remoistening.

Of the other samples taken at this date, from
the lower layer, soil "Z" ghowed only 2.03 p.p.m. after
storage for 41 days, no trace after drying and storing

for 272 days, and none 17 days after remoistening. In



- 30 -

the cage of the remaining three soilg, nitrification
increased after remoistening to a relatively greater

extent in the lower layer than in the upper.

Microflora

The table shows that though there are
appreciable differences between the numbers in the two
layers after 56 to 60 days storage, continued storage
reduced numbergs to a narrower range of differences.
Remoigtening of the dried samples from the upper layer,
after 260 days, caused increases in all cases except
those of soils "II" and "Y". Numbers, however, fluc-
tuated considerably durins the 5 days, in any one soil.
Numbers incressed in all samples from the lower depth,

but showed considerable fluctuation.
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Samples Collected on July 17, 1930

The data for determinations made upon these

samples are given in TABILE 8 below.
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TABLE 8

July Samples

a) CARBON DIOXIDE produced from soils, on the basis of mgm.
' per 100 gm. of oven-dried soil, for a
period of 336 hours.

Soil Days Soils A
Unit Stored M N X Y Z
loist (2"-5") 131 & .. 31.15 202.60 199.30 58.33

Remoistened do. 228 59.10 60.37 168.70 152.50 94.84
Moist (em"-8"™) 172 & .. 16.17 80.69 97.25 4 ..
Remoistened do. 264 53.22 46.74 171.60 184.70 67.90

b) NITRATE-HITROGE:! expressed as parts per million of
oven-dried sgoil.

lioist (2"-5") 138 4 .. 29.22 7.19 4.08 To test
Remoistened do. 327 15.36 6.07 10.00 6.43 bH.54
do. (9)# 10.73 17.33 61.13 b53.64 33%.14
lloist (6"-8") 259 4 .. 26.76 78.54 78.11 4 ..
Pemoistened do. 333 11.65 6.30 13.76 10.74 3.95
do. (7) 00.00 12.73 32.15 34.27 31.13

¢) LICROFLORA: Bacteria and ray-fungi, in millions per gm.
oven-dried soil.

loist (2n-5") 110 & .. 15.16 11.90 8.54 5.77
Remoistened do. %27 15.69 6.44 15.82 3.54 10.73
do . (1) 9.91 10.02 29.39 4.95 9.03
do. (2) 16.22 12.95 28.15 8.89 27.10
do . (3) 37.95 23.95 2%.68 42.80 30.12
do. (4) 18.91 7.63 21.25 5.72 1%.54
do. (5) 14.55 10.12 19.04 5.12 8.68
Moist (e"=8") 112 4 .. 4.12 6.29 8.46 4 ..
Remoigtened do. 333 3.46 1.71 1.58 4.33% 3.68
do . (1) 4.45 13.16 6.06 5.68 4.86
do. (2) 4.80 4.07 7.23 7.42 8.44
do. (3) 6.16 8.38 10.64 6.71 6.67
do. (4) 4.07 5.05 21.23 11.70 5.82
do. (5) 13.00 13.98 7.93 16.06 6.24

# Figures in parenthe31s denote days after remoistening.
¢ Samples lost in transit.
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Carbon dioxide (See also Figs. 3-17)

The samples from the upper layer of these
soils, which were stored in the moist state, were tested
after 131 days and from the lower lgyer after 172 days.
Of the four soils tested from the upper layer soils "X
and "Y" produced by far the greater amount of carbon di-
oxide. Remoistening resulted, however, in decreased
amounts in these two soils and increases in "N" and "2V,
regpectively. In the lower layer soilg "X" and "Y" pro-
duced more than "I" and remoistening caused further in-

creases.

Hitrate-nitrogen

138 and 259 days elapsed between collecting
the samples and the determination of the nitrates therein.
The amounts appear to be low in the upper layer of soils
"X gnd "Y" but considerably higher in that of "N".
Storage of the air-dried soils for 327 days appears to
have reduced the nitrates to a similar low level in this
latter soil, while the figures for goils "M" and "Z"
show gimilar values. Remoistening caused considerable
nitrification in soils "X", "Y" and "Z", but less so in

T, NWitrification did not occur in goil "MY,
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Storage of the samples from the lower layer
resulted in considerable accumulation of nitrates in
soils "X" and "Y". Nitrates were low in the air-dried,
stored samples. Seven days after remoistening there was
an increased amount of nitrate in all soils except "L,
in which there was no trace of nitrate. The relative
increase was greater in the samples from the upper layer,
except in the case of the soil "Z", where the increase

in the lower layer was the greater.

Microflora

The samples were stored moist for 110 and 112
days. Such differences as are shown in TABLE 8 may not
be significant in either layer. Storage in the dry
state appears likewise to have had 1little influence,
although the numbers given by the lower layer of soils
"N and "X" suggest significant differences.

The effect of remoistening the samples fron
the upper layer has been to cause an increase in numbers
in each soil, at the second or third day after treatment.
A reduction in numbers occurred in all soils after the
third day. Increases occurred in the soils from the
lower depth, with the exception of soil "Z", generally

at the third or fourth day. Additionally there was an
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increase of nearly 8-fold in soil "N", 24 hours after Te-
moistening. There is not much evidence of wide

fluctuations of numbers in each soil.



COMPARATIVE EFFECTS OF STORAGE

In comparing the results obtained from the
solls sampled at the different periods, it must be borne
in mind that the length of time of storsge of the moist
soils, prior to testing, might mask the effects of re-
moistening the soils which had been dried for increasing
lengths of time. In other words, 1f circumstances had
allowed, the tests on the moist soil units ' should have
been made immediately after collection. Such comparisons
as have been made between remoistened and moisgt soil
units have referred only to the moist units of the res-
pective samplins times. It was not the intention of this
investigation to study the effects of storage of moist
goils, but some reference to such effects has been found
necessary.

As an illustration of the point referred to
above, reference to TABLES 9 and 10 shows that there is
relatively little increase of carbon dioxide evolution
with increased periods of drying, when the values are
compared on the basgis of their respective moist units.

In TABLE 11, however, the percentage increase
after remoistening has been expressed for each soil unit
on the basis of the amount of carbon dioxide produced

by the moist unit from the October sampling. In this
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way the masking effect brought about by the accumulation
of carbon dioxide during the storage of the moist units,
has been eliminated. The values obtained are discussed

after each of the Tables referred to above.



Carbon dioxide
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Collected

October
September
July

October
September
July

TABLE 9

Carbon dioxide from moist

(See algo Figs. 3--17)

goils stored.

8” - 5"
Days Solils
Stored _I N X Y Z
14+ 27.74 20.32 61.83 b3.87 25.63
64 28.02 25.02 74.46 70.08 30.31
131 g .. 31.15 202.60 197.50+* 58.33
6!1 - 8"
16 19.35 13.07 33.01 40.68 18.07
81 21.85 12.05 ©58.38 bH2.46 23.20
172 g .. 16.17 80.69 86.14* 4 ..

¢ Samples lost in transit.

In TABLE 9 are shown the values obtained for

carbon dioxide from the five goils.

in the moist state resulted, in the case of the upper

Storage of the units

layer, in a slight increase in the amount of carbon di-

oxide evolved in 64 days as compared with 10 days;

ilar increases occurred in the lower layer soils after
16 days except that there was none in the case of soil

"N" and a rather larger increage in the case of goil "X",

sim-

Continued storage up to 131 and 172 days resulted in

much higher values except in the case of soil "NV.



Carbon dioxide from dried,
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TABLE 10

stored

and remoigtened soils.

2!7 - 5”
Days stored Soils
Collected before re- il i) X Y Z
moistening
October 88 54.94 43.74 106.00 100.70 45.03
September 159 60.66 46.52 125.90 90.07 54.01
July 228 59.10 60.37 168.40 152.10 94.88?
611 — 8”
October 115 b4.44 54.19 100.80 90.26 29.24
September 175 57.32 33.03 110.70 81.93 11.34
July 264 53.31 47.08 176.20 184.70 67.92

From TABIE 10 it will be seen that the amount

of carbon dioxide evolved from the remoistened goil units

of the upper layer increases vvith length of time of stor-

age, with the exception of soil ™Mii".

the increases occur only in

carbon dioxide evolved from

ig greater than that of its

It is interesting

soils X",

"Y "

In the case of the units from the lower layer
and HZH .
to note that the amount of
each remoistened soil unit

corresponding moist unit,

with the exception of the July units of the upper layers

of soils

and "Y". It will be remembered that re-

ference has already been made to the fact that these
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two soil units contained their optimum moisture content
when stored, and that presumably the accumulated carbon
dioxide after 131 days storage interferes with a valid
comparison between these moist and remoistened units.
A similar decrease has taken place in the September
unit of soil "Z"™ in the lower layer, for which no ex-

planation can be given.
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TABLE 11

Increase of carbon dioxide evolution, due to air-drying,
expressed as g percentagge of the gmount produced by each
goil in the October sampling.

2” —- 5"
Days Soils
Collected Stored M N X Y Z
Dry
October 88 99.1% 115.30 71.44 86.92 175.71
September 159 118.70 128.90 103.70 ©69.04 110.80
July 228 113.10 197.10 172.40 182.30 270.20
67! - 811
October 115 181.30 314.50 205.40 121.19 61.80
September 175 196.20 152.80 235.40 101.40 (36.92)#
July 264 175.50 260.20 433.80 354.40 275.80

# The September unit of soil "Z" in the lower unit
yielded a decreased amount of carbon dioxide from
that produced by the moist, October unit in this
layer.

It will be sgeen from TABLE 11, that although
a8 short period of drying, 88 and 115 days, causes the
greatest percentage increase in carbon dioxide pro-
ducetion in the unmanured soils "A" and "N", further
periods of drying have little effect upon these two
soils. In both layers, however, the most marked increase
with increaged length of drying is shown by the manured

and fertilized soil "Z", while soils "X" gnd "Y" also

show considerable increases over "M" and "N",
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Hitrate-nitrogen

TABLE 12

Nitrate-nitrogen in moist, stored soils.

2" - 5"
Days Solls

Collected Stored LI N X Y Z
October 3 8.33 5.80 7.08 6.11 3.90
September 28 16.31 5.31 16.63 ' 7.71 6.76
July 138 g .. 29.22 7.19 4.08 DNo test

6” - 8"
October 23 4.85 5.35 5.79 6.14 4.28
September 41 5.67 7.84 19.32 9.34 2.03
July 259 g .. 26.76 78.54 78.11 & ..

# Samples lost in transit.

From a study of TABIE 12 it is to be noted
that, of the samples taken from the upper layer, nitri-
fication on storage occurred only in soil "N"; while for
the lower layer, nitrification occurred in this soil to
about the same extent and very actively in soilg "XM

and "Y".



Nitrate-nitrogen in dried,
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TABLE 13

stored and remoistened soils.

2" - 5!!
Days Days Stored Soils
Collected Stored Remoistened M N X Y Z
October 212 0 8.15 8.16 9.88 8.88 5.82
7 32.66 15.30 54.88 40.68 23.87
September 260 0] 21.95 10.34 27.97 19.16 10.28
16 31.61 0.00 69.08 50.08 29.45
July 327 0] 15.36 6.07 10.00 6.43 b5.54
9 10.73 17.33 61.13 53.64 33.14
6" - 8"
October 218 o) 7.81 7.54 9.71 7.70 6.47
7 32.90 33.49 48.65 41.48 11.20
September 272 0 8.3 4.39 9.74 6.19 0.00
17 35.26 0.00 60.87 46.45 0.00
July 333 0] 11.65 6.30 13.76 10.74 3.95
7 0.00 12.73 32.15 34.27 31.13
Storage of these soils in the dry state has

not resulted in any appreciable changes in their

original nitrate content.

rapidly in most soils after remoistening, as has been

discussed previously.

Nitrification occurred
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Microflora

The effects of storage upon the number of
bacteria and ray-fungi together, in these soils, have
been previously mentioned. 4 comparison can also be
made between the number of bacteria and ray-fungi in
their relation to one another. This can be done by
comparing the number of ray-fungi as given in TABLES
14, 15 and 16 below, with the total counts ras shown

in TABIES 6, 7 and 8 (p.p. 23, 28 and 32).
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TABLE 14

October Sgmples

Ray-fungi expressed in millions per gm. of oven-dried goil.

Soil Days Solls

Unit Stored M N X Y Z
Moist (2na5m) 5 4.92 5.02 5.24 5.15 5.39
do. 25 4.01 4.52 5.65 5.17 7.27
Remoistened do. 212 2.96 2.13 3.53 3.42 3.73
do . (L)# 2.23 1.33 2.78 2.44 2.35
do. (2) 1.83 1.54 2.07 2.29 1.16
do . (3) 1.69 2.72 3.456 1.86 1.70
do . (4) 1.95 1.70 2.96 2.64 2.28
do. (5) %.31 1.58 2.63 2.24 1.56
Moist (67-8") 18 0... 2.15 2.53 2.13 1.83
do. 23  2.17 2.99 4.55 2.77 1.91
Remoistened do. 218 1.95 1.1% 1.04 1.46 2.83
do. (1) %.81 2.26 3.07 3.80 3.40
do. (2) 4.21 2.20 4.29 2.10 3.99
do. (3) 12.20 1.67 2.30 2.84 3.48
do. (4) 2.32 1.77 12.28 3.56 4.49
do. (5) 5.07 4.93 5.49 5.72 8.91

# TFigures in parenthesis denote days after remoistening.
0 No value obtained due to contamination of plates.
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TABLE 15
September Samples

Ray-fungi expressed in millions per gm. of oven-dried soll.

Soil Days Soils
‘Unit Stored M N X Y Z
Moist (2n-pm) 50 5.14 4.94 5.21 6.13 4.36
do. 82 %.86 0.36 4.74 3.83 3.1l
Remoistened do. 260 No count due to low dilution used.
do. (L)# 5.74 3.10 7.13 5.66 6.10
do . (2) 4.22 2.09 1.34 B.26 3.37
do . (3) 4.89 2.44 6.67 4.11 3.64
do. (4) %.90 3.18 2.45 2.90 3.04
do. (5) %.66 2.30 2.29 2.56 3.11
iloigst (67-8") 60 2.80 1.35 3.41 3.03 1.50
do. 95 2.63 2.03%3 3.31 2.40 3.39
Remoistened do. o272 1.30 0.71 1.89 1.40 1.22
do. (1) 5.49 1.55 3.71 3.68 2.42
do. (2) %.24 7.85 2.07 1.24 2.83
do . (3) 1.63 1.17 2.28 2.16 1.22
do. (4) .90 0.84 3.95 1.49 1.87
do. (5) 1.92 0.97 2.09 0.91 1.92

# TFigures in parenthesis denote days after remoistening.
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TABLE 16

July Samples

Ray-fungi expressed in millions per gm. of oven-dried soil.

Soil Days Soils
Unit Stored K N X Y Z
Moist (21m=5) 110 d4.. %.5% 3.5l 2.45 2.35
Remoisgtened do. 327 2.9 1.26 3.65 0.82 3.06
do. (L)# 2.03 1.68 2.50 0.49 2.18
do. (2) 2.72 1.75 2.27 0.87 3.56
do. (3) 2.64 1.25 1.39 1.39 2.13
do. (4) 2.87 1.60 2.75 1.14 2.25
do. (5) 2.75 1.52 2.63 0.96 1.91
Moist (61m-8") 112  4.. 1.34 2.35 2.75 d..
Remoistened do. %33 0.90 0.48 0.47 1.36 1.37
do. (1) 1.22 0.63 0.66 0.74 0.70
do . (2) 1.59 0.29 1.14 1.18 1.31
do. (3) 1.45 0.78 2.16 1.42 1.74
do. (4) 0.47 0.51 2.04 1.66 1.15
do. (5) 2.42 1.39 1.13 2.65 1.71

# PFigures in parenthesis denote days after remoistening.
6 Denotes samples lost in transit.
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From TABILES 14, 15 and 16 it will be seen
that the numbers of ray-fungi found in the upper layers
of the soils collected in September and October appear
to fall after drying and remain low after remoistening.
In the remaining series, numbers appear to fluctbuate
very little.

Attention might be drawn here to the work of
Waksman and Starkey (21) on partial sterilization.

These workers report that ray-fungi are diﬁinished only
slightly in numbers by treatment with volatile anti-
septics, as opposed to the bacteria, and that they are
essentially a stable group of microorganisms. As refer-
ence has already been made to the similarity in effects,
of air-drying and partisl sterilization, it would appear
that the essential stability in numbers, of ray-fungi,
found in this investigation, conforms with expectation.

The significance of fluctuations in numbers
of microorganisms in soils at short intervals of time
has so far been demonstrated (19) only for the bacterial
flora in field soil. No work has yet been done on sim-
ilar significances for other groups of soil micro-
organisms.

It was thought advisable, therefore, as a

check on the plating tectinique, to determine the
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significance of the mean plate-counts of both bacteria
and ray-fungi.

The statistic used was that usuwally referred
to as '"Chi squared’ (X?) and described by Fisgher
(1., p.p. B7-61); it is represented by the equation
}(? - S(X:E)z
— X —\2
where x equals the mean of the plate counts, and S(x-x)
gignifies the sum, of the squares of the differences
from the mean. It is known that if the distribution
of colonies on the plates obeys the recognized laws of
random distribution then the values for X° will fall
within certain limits.

Following the example given by Fisher (1., p.59)
the following TABLES (17 and 18) have been drawn up to

demonstrate the reliability of the means for bacteria

and ray-fungi.
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TABLE 17
Significance of the lieans of Plate-counts on Mpoist Soils.
' (5 Platesg)
Bacteria Ray-fungi
&2 Expected Obsgerved Observed
0
0.38) 0) 1)
0.247 ) 0.76 ) 1 ) 1
0.38) 1) 0)
0.429
1.14) 0) 1)
0.711 ) %.04 ) 6 ) %
1.90) 6) 2)
1.064
%.80) 2) 9)
1.649 ) 7 .40 ) 4 ) 15
%.80) 2) 6)
2.149
7.60) 4) 7)
% .35% ) 14.40 ;) 4 ) 10
7.60) 2) 3)
4.878
%.80) 5) 4)
5,989 ) 7.40 ) 8 ) 8
3.80) %) 4)
7.779
1.90) 1) 0)
9.488 ) 3.04 ) 6 ) 1
1.14) 5) 1)
11.668
0.38) 2) 0)
13.277 ) 0.76 ) 6 ) 0
0.38) 4) 0)
Total 28.0 28 %8
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TABLE 18

Significance of the ileans of Plate-counts on Re-
.moistened Soils.
(4 Plates)

Bacteria  Ray-fungil

X 2 Expected Observed Obgerved
0

1.55 1 1

0.115
1.55 0 1

0.185
4.65 1 5

0.352
7.75 0 10

0.584
15.50 7 19

1.005
15.50 4 12

1.424
31.00 12 32

2.366
31.00 17 35

3.666
15.50 14 11

4.642
15.50 13 8

6.251
7.75 12 6

7.815
4.65 13 10

9.837
1.55 13 2

11.341
1.55 48 3

Total 155.00 155 155
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From a study of TABLE 17 it is apparent that
the distribution of the bacteria on the plates from moist
soils, conforms fairly well with expectation. The tendency
towards excessive variation from the mean, and to a lesser
extent towards subnormal variation, can be ascribed 1o
slight variations in the technigue of diluting and plating.
As these counts on moist soils were the first made, using
a technique new to the investigator, such variations might
be expected. The distribution of the ray-fungi conforms
with expectation better than that of the bacteria.

In TABLE 18, the most significant point lies
in the utter lack of conformity, with expectation, of
the bacterial digtribution. TFisher, and others (2) in
their statistical study of Thornton's agar medium with
gsoil samples, refer to certain organisms which when grow-
ing on & plate, 'exert an inhibitory influence on the
development of colonies by other forms'. It ig inter-
esting to note that such an organism as they describe
occeurred in soil which had been treated with napthalene -
an antiseptic. The effect of this organism was to cause
excegsive variance between parallel plates. In their
conclusion, they state that 'any significant departure
from the theoretical distribution is a sign that the

me an may be wholly unreliable'. In view of these
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statements, therefore, it would appear that no significance
can be attached to the total counts, on the remoistened
soilg, in so far as the bacteria are concerned, since the
variance between parallel plates of these soils is abnor-
mally excessive. From further reference to TABLE 18, it
would appear that the ray-fungi show an almost perfect
agreement with expectation and that therefore the mean
count of eacl' set of parallel plates is a direct measgure

of the density of their population.
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SUNMNARY AND CONCLUSIONS

Investigations have been made upon the micro-
biological activity in samples, taken from the two levels
of the surface 8 inches, of soils having different man-
urial treatments and of verying degrees of fertility,
after different periods of drying. The work included
(a) determinations of microbiological activity as in-
dicated by the evolution of carbon dioxide; (b) estim-
ations of the number of bacteria and ray-fungi; and
(¢) determinations of the activity of nitrifying bac-
teria as indicated by tiie production of nitrate-nitrogen.
Physical determinations were also made, viz., total
moisture percentage, hygroscopic moisture percentage
and water-holdins-capacity.

From the results obtained the following con-
clusions have been drawn vwith reference to the effects

of air-drying:-

(1) iicrobiological activity, as shown by the
percentage increases in carbon dioxide
evolution, inecreases with lengths of dry-
ing only in the manured soil "X", the fer-
tilized soil "Y'" and the manured and fer-

tilized soil "Z".
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(2) The two unmanured soils "M" and "N" show
a percentage increase in carbon dioxide
evolution after 88 days and 115 days dry-
ing which is greater than the increases
of soils "X", "Y" and "Z'", but further
periods of drying have relatively slight

effects upon their bacterial activity.

(3) The greatest increases in bacterial ac-
tivity were shown by the manured and fer-
tilized soil "ZY, after drying for more

than 200 days.

(4) There were more bacteria in the upper

layer of all soils than in the lower.

(5) The apparent effect of remoistening was
to increasec -bacterial numbers within
five days, but statistical evidence
was produced which tends to show that
the plate-counts on remoistened soils
were unreliable, due, possibly, to the
stimulation on air-drying of some
organism which when the soils are
plated on Thornton's mannite-asparagine-

agar count medium, tends to inhibit



(6)

(7)

(8)
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the colony-formation of other soil

organisms.

The numbers of ray-fungi did not appear

to be affected by air-drying.

Hitrification tended to increase rap-
idly in both layers of all goils with

the exception of the unmanured soil "M".

In all cases the lower layer of the
soils showed greater increases in
bacterial activity, on remoistening,

than did the corresponding upper layer.
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The following graphs (Figs. 3-17)
show the total evolution of carbon di-

oxide from 8ll soil units.

-------------------
-------------------
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