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I INTRODUCTION

In 1950 a project was commenced dy members of the Botany School,
Adelaide to study smong other projects, the effect of mutrients such 2a
nitrogen (H), phosphorus (p), copper (Cu) end zinc {2n) upon the natural
vogetation at Dark Island Swamp, 10 miles north anst of Keith.

A study of the microflora and the relation of micro-organisns to
nitrogen metabolism within the soil was instigeted as a geparate project
and the methods, results apnd discussion of this project are reported here.
Such a study was considered 0 be of general interest io the .psople engaged
on studies concerning the natural vegetation.

The work is presented in three parts.

(1) Description of the Ares
(2) Composition of the Microflore
(3) Relationship of micro-organisms to soil problems.
(a) Decompoaition of soil organic matter and the return
of nitrogen from the organic matier to the soll

() Nitrification and problems srising from nitrification
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II DESCRIPTION OF THE AREA

Coaldrake (1951) described the soll studied as = iakin Zand
normsl phszse snd sallient points regarding its nronerties ware tuken
from kis description.

1. Locetion

The ares atudied was = portionm of the University =xperimental
block =t Dark Island Swamp which lies in virgis country 10 miles north
a8t of islth, in the Inirad of Mskin, County of Buckinghmm. “mps
1 and 2 give the locstion,

2, Climste

The c¢ffective rain fnlis in winter with & virtual sumuer drought.
Temperatures =re in the wsrn range giving the zrea s tmediterrancan' type
of cilmate. Summer t{emperatures msy oxceed L00°F while frosts occur in
winter. The mean annual tempsrature for Keith teken over 5 years was
57.70F znd the average relnfall for xeith for 4% years was 17.99 inches.
He reinfall figures were avallsble for the Dark Islend Swamp area due to
no permanent settlement, The most favourablz conditions for plant grouth

probably oceur between September and October but 1t has besn noted that the

growing season for Banksis ornata extends at inast until Febru-ry.

Apparently the plants desrive thelr moisture =snd nutrients from the clay B
horizon,

5« Geology and Physiography

Coaldrake {1951) gave the following description "The srea under
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discussion is underlain et varying depth by Tertiary limestone, which
asually 1s of great thickness. This, in turn, rests finelly on a
suite of Palasozoic ignsous rocks. The deposite above the limestons
vary but they consist chiefly of Pleistocene fluviatile or lacustrine
sediments {Howchin), Finally these are cepped with a mantle of
peolianitic siliceous sands of varying deaptha The origin of these
gands has been traced by Crocker in a gerles of papers (1941, 1946a;
Crocker and iood 1947)", The silt and clay fractions in the Makin
gand 1s non-existent to a dspth of 60", The depth of cley existing

below the sand, Cosldrake suggests may be from 40-60 feet,

4. Solls
(1) Soil type
The Msekin 8and - normal phase has the following
characteristics

A horigzon 0-4" sand + organic pinkish grey topogrephy of

metter colour send hills and
undulations
Az horizon 4-60+" sand yellow colour
Bl horizoh 60" ~ olay reddish

The soil type has a clay of uniform origin overlain by an uwndulating

mantle of sand of verying depth.

(2) Laboratory analysis

(é¢) The Soil resction The pH of the soil (by glass

slectrode) varied considersbly from point to point within the soil but

leay within the range 5.7 to 7.8 with the majority of recordings in the

5.9 to 6.5 range. Naturelly, root systems and plants generally, together
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#ith lesching, affect the pH readings from point to point within the soil.

(v) The exchangeable cations Magnesium (Mg) was

in excess of the Calefum (Ca) in the soil in common with all soils of low
roritility throughout Australis. Exchangeable cetions in the A and A,
horizons were 2 Ms®.

total
(¢) Minersl content The/nitrogen content for the

top 6" was 0,013% end was progressively lower throughout the soil to the

clay layer. Phosphorus Was similay 1y low, 10 - 11 ppm in the sand,

while Zn and Cu amounted to only 4 - 7 ppm for Za and2+3 ppm for Cn

in the top 3" of soil. The highost total nitrogen found was 0.043%,
(a) Coaldrake geve the following

figures for analysis of the Mekin Sand. Resilts are expressed as

percentsges in the following tables.

Buckinghem Suite - Makin Sand

Al A2 Bl
pﬂ 5.&6 6.31 7.‘1 L
N 0.013 «003 2005
P -004 005 not done
T83 «010 .006 - L]
MaCl «002 =001 " "

Exchangeable Cationa

meA %
Ca 2,5 32
Mg 4.0 51
K b i
Na _.l 10

7.8 100

a— e
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(3) Physical Cherscteristics

The following teble expresses ns percentages the composition

of the idekin 8and,

Bueck inchem Sulte

sakin Send
ot A B Bysc
Depth D=a® 4=30=50%  50-60" 60-70"
Coarse sand 46,8 38,5 19.5 7.2
¥ine send 50.‘ 6000 58" 21,
Siit - - 0.9 3.0

Clay - 09 22.8 6l.8
Vegetation - lisath :

Seil Profile may be represented as rfollowe

. T 041
'| 8+ OM
| #° 8 = sand
' OM = orgsnic msttsy
| A, TYellow oley
|
| 6om

(4) Soil Moisture

The water holding capasity of the top 6" was 26.87% as determimed
by the method given by Piper (1947). In winter at the junctiom of the
elay and send surfece the water content of the soil reached 21§, In sumep
the moisture content of the soil surfece may be as low as 0.5%. In winter it

mey be 6,8% uader plants or 3.5 in more open areas. Day conditions in

summer were unfavoursble to micro-erganisms,
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(5) Soil temperatures

During summer the ground temperatures during the day
refich 45°C and fall to as low as 5°C at = depth of 3" in winter.
In summer, the s0il temperature remains high {n the top 6" of soil
and must bhave a great affect on the soil population.
5. Vegetation

The area is covered by s heath type vegetation. The

domingnt speciss are: -

Xanthorrhoea sustrslis (R,Br)

Casuerina pusilla (Macklin)

Casuarina mucelleriana (Miq)

Phyllota pleuisndroides (F.v.M.)

Banksis marginsta (Cav).

" ornata (F.v.M)

Hibbortie stricta (R.Br)

Gresses grow during the wet season. Specific features of the
vegetation ars thet the majority of the plants have extremely long tap
roots reachiné into the elay. Even amall seedlings have immense tap
roots. Lateral roots wre abundent in the top 6" where organic matter
was located. The type of root systems probably has some effect upon
the distribution of miecro-organisms.

The return of nutrients to the soil from the organic matter
was of interest hence some characteristics should be reported here regerding

the leaf drop of the vegetation. Certainh plants bave one leaf fall per yesr,



e.g. Banksims, Casuarina eand Phyllot:. The yearly layers of litter can
be distulnguished under the planta. The Bankeis species carry 2
years growth of leaves and the age of the plants can be determined from

this and the mode of yesriy growth,
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111 COMPOSITION OF THE WICROFLORA

1. lIntroduction

Interest in soil micro-organisms arose asbout 1880 following
gork on nitrogen bacteris of the soil. During the following 25 years
spectacular discoveries were made by Baijerinck, snd Schlossing and Muntz
(1877; 1878)and by Winogradsky, (1890; 1891; 1892), #inogradaky isolated
in purs culture the organisms concerned in the process of nitrification.
Following the introduction of selective medla the imolation of nitrogen
bacteriz was simplified. Various raviews are available on early soil
microbiology up to the present time. Vaksman (1931) adequately reviewed
the literature on microbiology. ‘Weksman (1936) reviewed the literature
and work between 1932 aund 1936. Norman (1946) end Smith (1948) reviewed
the literature up to 1948,

The whole of Winogradsky's work is collected together in the
publicasion "Wicrobiologle du sol"™ and his interest in microbiology is
fully revealed. Smith (1948) stated that since 1936 emphasis has been
on nitrification and factors affecting it. Work on the rhizosphere
and mycorrhize has progressed.fsvourably in the lest few years.

Certein controversiss heve arisen regarding the classification
of soil micro-orgenisma. Lockhead developed a aystem of cleasification
for bacteris on the basis of their emino acid requirements as s contrast
to the usuel morphologlcsl ani bilochemical basis but as yet no complcetely

satisfectory method of classiflcation is available.

In the present study the general nature of the microfiora has been

considered as more important than the actual 1dentification and isolation
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of mingle species except in very particuler circumstsances.

2, sterials end ..ethods

#aite virgin soll wss used as e control soil and Mekin Sand used

as an experimgntal soll..

(1) Genersl ssmpling technicue

(a) Using sterile scoops the top %" of soil was scraped
away aud saiples from the required depths coliected into clean containers,
w¥here the soill samples were intended for use in the isolation of particular
speéies in pure culture, numbers of pamples were bulked, &nd soil was then
used from this bulked sample. ‘Yhere the samples were required for
sstimation of the numbers of organisma in the scil the samples were kept
separate, Samples from depths greater than 12" wers taken fram the
sides of soil pits after the outer layer of scll had been removed.

All s0il samples were taken at random.

(b) Sample preparation

Soll samples were returned to the laboratory and sieved
through 2 2 mm aleve. Koots and other organic matter were broken up
in o mortar and pestle to enable them $o pass through the 2 mm sisve.
Samples to be used for nitrification work described
later were air dried.
A1l samples were used within 48 hours.

(2) Zstimation of total numbers of orgenisms in the soil

(a) Bacteria

The Plate count method

Ten grema of sleved soll were added to 100 mls of sterils distilled
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wate? (S.T¥e) 8terile glass beads were added and the bottles shaken

for 5 mimutes in a mechemicgl shaker. After standing for 5 minutes, 10 mls
of this .i dilution were pipetted into 190 mls 2,T,%. and 490 mls 8,7.7.

10 1 1
pespectively giving dilutions of 200 and <o respectively. Tensmbis

of the - dilution were pipetted into 0mls S.7.W. giving s dilution of
200
i and 10 mls of the _L_ ailution into 90 mls giving a — - ailution.
500 5000

sesmtsma——

2000

phe _L_ dilution wes diluted to glve —=— dilution. One ¢¢ of each of
500 . 25000 ‘
uired dilutions | L X fpetted int
the req S0 and 5000 and 25'000) was pipetted into

9 ec of molten agar (for bacteria Waksman's egg albumen agar and Thorntonts
asparagine mannitol agar were used. (Weksmen 1931).) After miximg by
rotation the 10 c¢ mixture was poured into a petri plate.

After incubation at 37°c for 2 days the plates were countead,
reincubated for 3 days and recounted.

5 semples for each soil lavel were tsken and from eaeﬁ sample
5 dilutions were made, Easch dilution was triplicated.

(b) Fungi
The plate count method was used for fungl using Wakamants

fungus agar and potato ermite dextrose agar (4sksman 1931) ) es the
plating media, (Potato iMarmite dextrose agar is referred to as PMDA).
The saus technique wes followed as for bacterie and the same dilutions
uasd af'ter e preliminary s.periment,

The plates were incubated at 25°C for 2 days, counted, incubated
for > deys and recounted.

(3) Iselstion of organisms in pure culturs

(a) Algae
Soil collected from the soll surface was plated onto
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Bristol Roach moadium sud iacubated for 3 weeka at 25°c. 301l was nlsc
gaken from 3" and 6" and meattered onto Bristol Roach ager. (Pred &

Weksman 1928 ).
(b) Actinomycetes

No specific ettempt was made to isolete actinomycetoas
put large mumbers occurred on the plates used for the estimation of
bacterial and fungal numbers,

(¢) Bacteris
(1) Azotobacter
Liquid culture and solid media were used.
Jensen's medium (194C) was used.and slso Ashby's (1907). The soil
was incculated into ligquid medium and wes sparingly sprinkled onto the
agar plates. Cultures were incubated at 28°C for up to 21 days.

(11) Anseroves

Soil was mixed with nmutrient asggfhlno inoculated
into cooked meat madium, and in ths former case incubated at 31°c in a
Filde's dcIntosh snserobic jar.

Q.5 gus, soil were sprinkled over .75 mls of
glucose agar in & 20 cm petri plate. A further 100 mls of medium at 80°C
were added and the plate lncubsted for 6 days at 2506. Aftar tiis
time, the pletes were flooded with dilute fodine solution which stains

young colonies of Cloatridium butyricum: red snd older colonies yellow.

(111) Nitrite end nitrate forming organisms

Inolation of nitritse formers

The method used wes zafter Melkdjohn (1950). The method is &
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moditication of #inogradsky's original method {1949). Due to low
gumbers of organisms the following procedure was adopted,

301l was freshly collected and 1% calcium carbomate added.
gris soil mixture was then alternately percolated with a 1% (MNH,),80,
golution, and air 4rewn through with & vacuum pump. The trsatnent
was such that percolastion and seration alternated every 2 bhours.
Percolation was cerried out for 5 days and 5 gms. of this soil was
then used to inoculate Meikeljohn's medium A (1950). The progress
of nitrite formation was followed by méans of Griess~Ilosvay reagent
(Topley & Miles 1945). Nitrite built up feirly rapidly to about
20 ppm in 10 deys. After 14 days all this nitrite had disappeared
and nitrete sppeared and its presence identified by the K nephthylenins
method (appendix). The method from hers followsd Meikeljohnts method
(19%0) but alternative methods for preparing the silica gel required, were
used, Pollowing isolation on silica gel the colonies of the nitrite
former were picked off with a finely drewn glass needle using a dissecting
microscope the colonies were reinoculated into medium A given by
Miekeljohn and their capscity to comvert ammonia to ritrite msasured
after 14 to 21 days. The complete isolation took 15 months.

The nitrate forming organisms

Thess were isolated by inoculating soil - 5 grams of the enriched
soil into a medium containing nitrite. This medium is given in the
sppendix under Salle?s sodium nitrite medium {1943)

Pollowing various serial subcultures the orgenisms were plated

onto salt enriched silice gel medium. Following isolation the colonies
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were picked off from the silica gel snd reinoculsted into sodium
nitrite medlum and the nitrate production tested.
(1v) Fungi
Isolation of fungl was attempted from iitter
collected on the surface of the soil and from the soil itself.
ILitter was plsted onto potato Marmite dextrose
agar, Waksman's fungus sgar (l931;?§grcup's agar (1950).
Similarly soil was scattered on the su-fsce of
ager plates ond mized with the medium before pouring the plates.
(v) DIrotozoa
Isolation »nd identificetion of Protozos has baen
cerried out by ¥res. R. L. Specht, Zoology School, ideleside.

3. Ihssults and Discussion

The following results were obtzined for the Makin Sand for

fungel counts using PLDA as the medium, Soil was collected 20.4.51.

PABLET I
Dilutions
6" L 1 ek
8= Bamla 500 2000 5000
i 210 ) 72 ) 26 )
215 )»08 7% ) 71 28 ) 26
198 ) 68 ) 24 )
2 208 ) 67 ) 22 )
180 ) 182 70 ) 67 15 ) 18
187 ) 61 ) 16 )
3 215 ) 79 ) 26 )
230 ) 221 72 ) 15 29 ) 26

278 ) 13 ) 22 )



gpable I continued

6-12" 1

12-24% 1

24-48% 1

38
44
40

A8
AQ

55
31

42

26
22

25

22
26
22

21

21
26

)

) 4L

) 48

) 39

) 24

) 23

) 25

16 )

14
19

19
15
30

)
)

16

)
) 17
)

— pample not done

12
1i
10
12

10
12

12

[
= (= -

oot'ao e
Nt W S S g s

o\ A

B &\
LS R

G N

1l

11

1l

The sverage of these readings gives

0 - 6"
6=12"
12-24"
24-48"

1.2
2.4
1.6
1.0

I
X
X

"
"

n
]

n
n
"

"
4]
"

& o\ 0o W on W

- an A 0 & =2
T St g™

Ny "

E A

N
N N N

Nt

2 X 10° organisms par gram .of 501l

L
”
n

R N

15.



fstimates made on the seme soil on l.7.51 geve the following

results on PMDA

Only 2 replicates per dilution were msade.

TARLE II
Dilution
2 i
0 - 6" semple 500 2000
1 113 ) 39 )
131 ) 122 47 ) 43
2 109 ) 45 )
110 ) 109 43 ) 44
3 115 ) 330 5L ) 53
’ 110 ) 55 )
6=12" 1 45 ) 44 15) 14
44 ) 14 )
2 49 ) : 13 )
34 ) 4l 14 ) 13
3 42 ) 10 )
33 ) 47 15 ) 12
12-24" 1 21 ) 11 )
28 ) 24 s ) 7
2 22 ) 22 7)) 8
22 ) 9 )
3 27T ) 52 9 )
18 ) 5) v
24-43" 1 12 ) 13 2 ) 2
10 ) 3 )
2 7) 6 3) a4
5) 5 )
3 8 ) 2)
1) ? ) 2

0~ 6"
6-12"

12-24"
24-48"

The average of these readings gave

8.3 x 104 organisms per gram of soil
2.5 £ 104 organisms per gram of soil
1.3 X 104 organisms per gram of soll
4 X 105 orgenisms per gram of sgoll

5000

2l
25

17
22

B\

=N [ XY o

w O

St Ly o -~

22

19

19
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These counts 4o not show any great vartation between the readings.
for different times of the year, Bacteria numbers of course vary in
the soll from day to day and this technique would not be sufficiently
eccurate to pick up such variations hence counts wer- not made through a
continuous period of time, The fungal count was not particulerly high
but was similer to the results given by :iaksman {1931) for a serdy soil
of low fertility, The counts obtained on fungus ager medium were simfiayr
to those given for PMDA end for that reamson were not quoted here,

The bacterial counts gave the following resultas,

TABLE 1II
Sample 1 2 3 Aversge
0 - 6" 1, 500, 000 1,250, 000 980,000  1.24 x 10® oz/gm
6 - 12% 950, 000 123, 000 895,000 8.56 x 10° »
12 - 24" 500, 000 565, 000 480,000 5,09 x 105
24 - 48" 465, 000 355, 000 210,000 3,43 x 105 =

These results were aversges of triplicate plates per dilution.

, 1 1
There were 3 dilutions per sample and the dilutions used were 2000* 5000 »

and ?5%55' The bacterisl counts were found %o be only slightly greater
than the fungal counts. In a fertile soil containing large amounts of
organic matter the bacterisl count when using the plate count method may
reach 300-400 x 10° organisms per gram moil whils the fungal count may be
40 ~ 60 x-106 orgenisus per gram of soil.

According to Russell (3951), Adametz and Jaksman recorded finding
320, 000 - 500,000 becteria per gram in sandy soil by the plate count method.
Tha numbsze of Laotiria obtained for the Makin 3and wews a 11ttle higher

than this estimste,
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The results indicated that the highest numbers of bacteria and fungi
securred in the top 6 inches of soil but the bscterisl end fungal numbers
did not decrease very rapidly, Due to the light sandy soil which provides
aeration to = grester depth than in a cley soil the organisms are cspadle of
growth at a greater depth.

Although no attempt was made to count actinomycetes present in Makin
S8and they occurred very frequently on the plates used for estimsting numbers
ef fungl and bacteria and may be assumed to be frequemt im this soil.
Estimation of their numbers is compliceted by thelr hydrophobic sporss which
float on the surfece of the water used for soil dilutions. Actinomycetes
are frequently found in warm sandy soils {Russell 1951). The =ctinomycetes

isolated resembled Streptomycsetes micromenospora sps.

The virgin Waite soil is known to have a bdacterial count at:leust
100 fold greater than the dakin Sand (student estimation) and the iiskin Sand
gsimlates & warm sandy sofl in its fungal =nd bacterial population.
Rogerding the plata count method for estimating the numbers of the
fungal and bacterial population the following should be noted .
The method if based on seversl assumptions. |
(1) Each colony is sssumed to develop from one bacteria oaly.
(2) All bacteris in the soil suspension are assumed to be brought
into suspension.
{3) All bacteria present in the suspension arc assumsd to be capable
of growing on the mutrient medium used.
A1l these assumptions do not hold at the one tims. In the caae of

fung{ also the assumptions do not hold at the ono time. The plete gount
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sathod tends to underestimate the numbeys of organisms present and counts
only aerobes, Another method for the estimetion of organisms in the
soil is the dirsect microscopic nsthod. The stains smployed in this
method however stain both dead and living cells and hence overestimate
the number of orgenisms in the soil,

However since some idea of the genera of orgenisms present in
the soil was required it was decided to use the plate count msthod so
that isolations could be performed from these plates and hencse the
msthod served a double purposa.

Upon examination of the composition of the microflora the bacterlal

and fungal population were found to b; a heterogeneous collection and due
to the virginity of the soil no introduced moil members were found,
(lassification of soil bacteria has been attempted on morpholegicel.
bases but the more recent attempts at classification heve been on the basis
of the nitritional requirements af the bacterie with particular reference
to their amino acid requiremente. The time involved in 1dentifficetion
of bacteria is enormous and hence no attempt was made to clagsify bacteriel
gonera except where they hed particular interest in the nitrogen cycle.
Many atiempts to isolate Azotobacter species from lakin Sand were
made but no positive results were cbtained, However they could be
{solsted from en enriched garden soil and therefors the technique appeared
sound. Collins (195L) hes isolated Aéigacter from Kangsroo Island soil
in numbers fer in sxcess of anything so far reported in the literature.
His isolations however were all made on #0143 medias and not in liquid

media, Hs hes not attempted to prove that the organisms fix
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atmospheric nitrogen in pure liquid culture.
Anaercbes were found to be present in the Mmkin Sand but their

mumbers appeared few. Clostridium butyricum was isoleted in glucose

agar medium,

Bacteria concermed in the conversion of smmonia to nitrite to
nitrate were found to exist but their numbera were small. By trial end
error they could be isolasted from 20 gms. of soil but not 15,

Orgenisms resembling Nitrosomonas and Nitrobacter were isolated

from the Mskin Sand. They were not 1dentified further. The absence
of Azotobacter species and the low numbers of organisms capable of carrying
out nitrificetion i.e. conversion of MNH;—> NOp—> 103 allows very litte
build up of nitrate in this soil.

The presence of algae has been noted on the surface of the aoil
et Derk Islend Swamp at certein times of the year, During autumn the
surface was coverad by s donse mat which when examined end grown on

Bristol Rosch agar was idlentified as Cylindrocapsa specles. Various

Chro -ococcale sps. weres present. Ho blue greens were isolated

and hence thers was no possibility of nitrogen fixation by algae. This
mat of algae filements even when dry ia summer helps to bind the surface
sand, This is one of the 4 ways in which slgee may benefit soils.

(1) They may add organic metter to the soll

(2) Algae may help bind the surface particles

(3) They may improve asration of swamp solls

(4) They may fix etmosphetic nitrogen,
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Salisbury (1915) bas suggested that they mey be of some importance
in the recolonization of bere burnt ground, This has not besn observed in
the Dark Ielend Swamp arsa but will be looked for {n the future.

Protozos were found in the Makin Sand end the spacies isolated
by Mrs. Re L. Specht {1952. private commnication) were 2 species of
Colpode and a Uroleptus sps.

The fungi appsared prevalent in the soil and could be readily
1soleted both from litter and the soil itself.

Species isolated included Rhizopus, wgcor, Trichodums, Aspergillus

and Penicillium sps, The Asgargillus.speclaa were extremely prevalent and
produced a wide variety of Aiffusable and non diffuseble pigments. From
the organisas isolated on the plates used for plate counts thers eppeared

no differentistion in the species of orgenisms isolated at different levels
but there was a slight difference in the frequency of these specles a%b
different soil levels.

Pungi isolated from litter included, Chaetomium, Alternaris,

Cladosporium, Syncephalastrum, Fusariums Pestalozzia, Penicillium, Mucor,

Stemphyllium, Acrosphaera snd Aspergillus specles.

From the exposed surface of the litter bacteris were the main
organisms isolated and fungl were isolsted from the undersurface of
this top layer.

No attempt was made to isolate Basiodioycetes in cvlture but

during autumn the following species were i{solated., Polyporus oblectans,

Flammulla paludoss, Continarius fibrillosus, Pailocybe subsmmophila.

Other species are no doubt present but no fruiting bodies were

GOllectOd .
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An ascomycete, algg?coanhaera sps. not previously rocorded in
gouth Australia was found.

¥From these experiments and observations the microflora of the
dakin Sand regembled the warm ssndy solls as described in the literature.

The actinomycete and fungal numbers approached the beacterial
pumbers since the sctinomycetes and fungi particularly thrive in warm 4ry
golls. lio introduced species were recoried and hence the microflora
congists of sutochthonous members. The microfloral count was low
{ndicating that in all probeability processes such as organic natter
sscomposition 4111 be slow and all other processaes involving micro-

organisms in the soil w#ill 1ikewlise be slowe
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gV RELATIONSHIP OF MICRO-ORGANISMS T0 SOIL PROBLEMS

A, DECOMPOSITION OF SOIL ORGANIC MATTER AND THE RETURN OF NITROGEN T0 THE

SOIL FROM THE ORGANIC HATTER.

1. Introduction

Plants consist. essentially of proteins, sugars, starches, fats,
celluloses, lignins, pectins, gums and mucilages, When plant material
decomposes, ths ebove substances ars broken down in the soil and important
alements such as cardon, nitrogen and phosphorus ere returned. of theseo
eloments returned to the soil by decomposition, nitrogen is of perticular
{nterest in the liskin Sand im which toiel nitrogen perceatage is only 0.013.

The biochemistry of the rotting of plant residues has never been
studied in detall because of the lack of methods.and also, rotting procesaes
include the synthesis of microbial protoplasm, All decomposition processes
of the organic matter ars carried out by micro-orgenisn snd for this reason
a study of the organisms themselves would be of imterest. However such
a study would be too involved fox purposes of the present project and so
only the decomposition itself and ite end results were considered,

¥here degomposition is microbial there is an evolution of carbon
dioxide since all heteroirophic eerobic microbiel processes are accompanied
by the production of carbon dloxide whioh can be taken as an index of the
microbiel activity in soil. As early as 1915 Russell and Appleyard
found that the curves for bacterisl numbers, mitrate content and
carbon dioxide in soll were sufficiently similar to justify the view thet
all 3 phenomsna were related; for example, a riss in bacterial numbers

wes sccompanied by & rise iu carbon dioxide in the soil air, and wes



24,

jater followed by & rise in CO, (Russell 1950).

During decomposition verious substances important to plant growth
are returned to the soil.

Carbon dioxide evolution was measured &s an indication of organic
matter decomposition; end some estimate of the return of nitrogen to the
soll from the organic matter was made.

2, AMateriels and Methods

(a) CO» evolution meesurements

200 gm lots of freshly collected soil were placed in sterilised
Agee Pyrex Jars. The molsture content of this soil was determined
(Piper 1947) and the moisture msde uﬁfﬁo% water holding capacity (piper 1947).
The soil wes incubated at 25°C in a constant temperature roon throughout the
experiment.

Each jar contained a 100 ml. beaker holding 10 mls, .l1Nceustic sode.

Makin sand snd iaite virgin soll were used as the test soils.

(1) Various cerbon snd nitrogen sources wWere sdded to the soil.

211 treatments wera trivlicated.

The following substances were added to the soil.

fmmonium sulphate 4,75 ccs. of o5/ solution
Sodium nitrate 15 cecs. of .56 solution
Asparagine 9,6 ccs. of % solution
Ures 10.65 ces. of «5% solution
Glucose 5.0 ccs. of «5% solution

The varying amounts of nitrogenous gubstances were added to give
equal concentrations of nitrogen.
Glucose Wes added both separataely and in combinstion with the

nitrogenous aubsatances.
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"{i1) Sodium nitrite zud potessium nitrste were added at the

following concentraztion.

Sodium nitrite 1 ecc. of S% solution
2 cc. of 5% solution
3 cce. of 5. solution
5 cc. of 5% solution
8 cce of 5¢ sclution
10 cc. of 5» solution
15 ce. of 5% solution
Potassium nitrste
Ll eec, of 7.2k solution
2 cCe of 7.2% solution
3 cce of 7.2 solution
5 cce of 7.2% solution
8 cc. of 7.2, solution
10 cce of 7.2, solution
15 cc. of 7.2% solution

Contrcls were set up in cach experiment.
After 24 hours incubastion the exzcess caustic sods was neutralilsed
with .1 ithydrochloric mcid using phenolphthalein ss indlcator for (i) =na (ii).

{b) Zstimation of total nitrogen returned by litter to the soil.

Total leaf litter wes collected i'rom under the following plants:-

Banksiz ornats and Banksias msrginata

In collecting, the litter was kept ssnarate in yearly layere as
nearly as nossible. The total percentage «f niltrogen was estimnted in this
msterial using Pipers' method (1947). The totesl dry welght of totsl litter
for 6 pleonts ~f ench spscies was obtedned by weighing the oven dried
litter, Hance the aversge dry weight of litter for onc plamtwas obtainsd.
By drylng and weighing 100 leaves tzken at rzndom from each ysarly
laysr of litter = ratio of the dry welghts of the yearly litter to eamch other

could be obtainad, From this ratio the total dry welght per yeasrly litter



could be estimated from the total dry welght of litter per plent.
From this and the nitrogen estimates the totsl percentage of nitrogen
peturned by the litter per year could be obtained for one plant,

3, Results and Discussion

The results in Tebles Iy and . vV were obtalnod for the itakin
Send and mite Virgin Soil when carbon dioxide evolution vas measured
under given conditions.

The technique used is not as sccurate os desired since there
is bound to be some little gre letkegs although the jers were mnde 28
air tight as possible. No fresh supply of oxygeh was Ted %0 the soll
to replmce oxygen removed as carbon dioxide snd therefore coniitions
were not ss balanced as could be wished.

From the results the rate of evolution of carbon dioxide wea
found to be slow from the iiskin 8and indicsting thet the activity of the
micro organisms was slow.

Stoklasa (1922) stated thet s soil of low fertility evolved
8-14 mgms. carbon dloxide 4n 24 hours while a good soil evalved 58-68
mgmes COp/24 bours. The Mekin Sand obvlounl];-rll[ii the category of

s soll of low microbiologlecal activity.

4site Virgin soil has a low carda dloxide evolution rate but if
cultivated . with no mutrients sdded and then tasted it gave 40-60
mges. cerbon dioxids per 24 hours. waite soil which was cultivated
appeared to have & bigh micro organism activity but iekin Sand simllarly
troated did not incresse in micro orgenism sctivity. The addition
of nitrate and emsonium sulphate 414 not incresse the micro organism

aotivity; 4n feet in higher concentrations the nitrate appeered to
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MAKIN SAND

Expt. I , Treatasuts
' ' Glucoss Asparsgine NaNC3 (M 4 },80, Ures GOlucose + Glucose + nlucose Glucose Control
4 Aspsragine Sod.nit + azmon, + Uree
sulphate
NaOH cc's 3.3 2,9 2.4 1.5 4,1 3e7 2.8 2.2 5e2 1.2
noutralised
“uiﬁtiﬁs Co2/24 Te3 6.38 S.28 4.1 9.02  B.14 6,16 4.84  1l.44 2.64
Expt. II 3¢l 3.1 1.5 1.2 309 3.8 2.5 3.1 546 1.3
Te3 6482 3430 2,64 J.58 8.36 5 50 6.82 12,32 2.86
Expt. 1II 342 1.2
7 * 0 2 L] 6 a’
Expte IV 32 1.2
7.04 _ 2,64
Expt. V 3.2 1.3
7.04 JAITE SOIL (Virgin) 2.86
Fxpt, 1 6.1 63 S5e3 5.8 T2 Tel 53 be2 Teb S5ed

13.4 139 1la7 12.8 15.8 15.6 11.7 13,6 1647 il.6



Nall0, 5% solution

5% solution

1l ecc
6 ce
9.5 ce
Control
1l cc
2 ¢g
3 Cy
5 ¢e
8 cc
10 ce
35 ec
Control

TARLE V

MAKIN SAND

milligms. COy / 24 hours

2.2
1.8
2,0
1.0
3.1
3.4
3.2
365
3.7
3.8
4.0
5.2

NaHO3 5% Solution 5 ac

7.5 cc
15 oc
Control
71.2% solution 1 ce
2 ce
3 ce
5 cc
8 cc
10 ce
15 ec
tontrol

1'6
1.4
l.1
1.0
1.9
1.9
1.8
2.0
1.5
1.5
1.5
2.4
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depress the carbon dioxide evolution. Urea did increase the asctivity
of the organisma. Thet this increszss in carbon dioxide evolution wes
dus to an effect on the micro orgsnisms rather than a spontansous
decomposition of the urea was proved by adding ures to a stsrile soil,
No garbon dioxide wes evolved. Asparagine and glucose both incresased
the COp evolution rate,

Plate counts of bacterie ware mesde 4 hours after the addition
of glucose and it was foupd thet the bacterisl population had increased

30 5 x lO6

basteria per gram of soil. The sddition of glucose plus
urea or ssparsgine increased the carbon dioxids svolutfion rate indicating
that & carbon scurce alone was not sufficient to increase the micro~
organism: activity and that nitrogen was limiting elso.

Since the carbon dioxide evolution was low in the Mekin Sand we
assumed the micro orgenism sctivity wes low. This assumption followed
work by Russel and Apnleyard (1915). They found $het the curves
ror bacterial numbers, nitrate content and carbon dioride in the soil
wore sufficlently similar to justify the view that all are relatsd, A
rise in bacterial mumbers gives a rise in carbon diokiie followed by a
rise in nitrate.

Honmce in & soil such as the iskin Sand whers sarbon dioxide
evolution was low we assumed micro~organisms to be limiting and hence
activities such as decomposition of organic matter and nitrste formation
were limiting.

Following work on the biologicel =ctivity of the soil a report

on the actual return of nitrogen to the soil from the léaf litter
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by decouposition seemed logical,

The decomposition rate of any organic matter is governed by

moisturs, tempersture zni the presence of the recuisite organisms,

Since the climate at Durk Islend Swamp is typilcally "nediterrencant,

it is unlikely thet decomposition proceeds during the suamsr months.
However during sutumn, winter and sprimg when temperatures and moisture
are Tavoursble decomnosition msy be more rapid, Thet this is true

was proved by the faet thet litter present in isrch and April had
disappeared after the June - July period. The cycle of return of
organic matter to the soil was found to be an interesting one for the
plants of the heath vegstation at Derk Isiand Swamp. Using Banksia sps
a8 an exauple we found that the plants carried 3 years growth of lseaves
during the sumer znd dropped the oldest yearly leef growth during February
leaving 2 yoars growth on the planta, These leaf irops could be
distinguished in the 1ittsr where each yoarly drop of lesves existed in
a quite distinet layer.

Following the method described the nitrogen return per Banksis
plant could be eetimated, Banksia sps. were used du® to the case with
which thelr litter could be handled. Bankslas however are not the most
frequent plants of the hesth vegetation as the following Tigures compiled
by Re L. Specht show.

Anelysis of heath vegetetion 17th Mareh 1950,

6 years ofter burning sesn no. of plants per 22 sq. yards

Banksia ornate 2
marginate Le

Capuarina pusilla 24,

iesnthorrhoesn nustralis 10': 5




8 years after burning Meen. nos of plants per 22 sq. yards

Banksia ornata

" __moarginata
Casuarina pusille
Xanthorrhoea sustralis

The following figures wers obtained for the total nitrogen returned

1.7
2.0
24,4
763

per plant through the litter. The litter was coallected from plants

selected st random from a stand 6y years sfter buruning,

Bankeis ornate Banksia merginata

Total dry welght total leef

litter per 6 plents 250 prams 69C grams

Average dry weight total leaf

litter per plant 41,7 grams 115 groama
Dry welight of 100 leavea

1951-2 litter 5944 13.25

1950-1 = J«3540 9.9
Prom the ratfos ( 3.94 : 7.28 , (13.25 : 23.15

( 3.34 : 7.28 gl ( 9.90 : 23.15

]

The total dry weight of each yearta litter can be estimated

Bankala ornata Banksia marginate
Potal dry welght 1951-52 leaf litter 24.4 grms/plant 62+3 grams/plant
= m T 1950=-51 " " 17.3 grms/plant 52,7 grms/plant
" &N for 1)51-52 " «23% o295
" nw on 1950-51L * " o 24% «43%

From the given figures the grms. of nitrogen

for 1 plent wosie

Banksic oranta litter 1951-52 =
" 1950=51 =
Banksia marginata " 1950-52 =
" 1950=51 =

-

The return of nitrogen from the litter for

smell,

returned by litter per year

«042 grms
«227] grms

plant appeared extremely

31.
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It was interssting to compare the totel nltrogen that was present
in the leaves prior to their fall. le know tiat thé dry welght of leawes
varies throughout the growth cycle of plants. The foliowing teble shows
the dry welght of the whole of each years leaves teken from 10 plents
aslected a2t rendom. Results given in gremaes.

The dzta was colleeted by Re L. Specht, 18th March 1952,

Bankegir ocrnata 195i=52 1950-1 1950-49
Plant Hoe 1 130,5 40.1 20

2 195.6 40,0 19.7

3 168.5 56eL 17.8

4 1?2l.b 23,2 6.1

5 18%.8 4648 45,17

6 80.8 15.7 1l.5

7 6743 11,4 1049

8 1024% 17 o2 14,4

7 108.9 2744 24.4

10 70.1 16,4 11.6

The 195049 leaves fell durlng the naxt Februszry. Obviously
as the lesves sged, their dry weight decreased =nd the 1950-49 lesves had
an average total dry weight per plant of 18.5 grams. The total percentsge
nitrogen was .62 + ,023. This gave a total of .54 grems of nitrogen
returned per plant whick is nesrly tenfold greater than the nitrogen
returned in the fsllen litter. Obvicusly further translocstlon of
nitrogen tekes place [rom the leaves before lesf fell.

when the nitrogen is returned to the soll not sll 1s avaiisble
to plants but is competed for by micre organisms which zre cgpable of
utilising svaeilsble nitrogen more rapidly than plants. Not 21l the

nitrogen will be svallebie %t plants and micro-orgenisms, some mey be

boundi in the soil in an unavallasble {orm.
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York on this subject by Stoklasa (1922) stated that in tls case
of » loess soil with s total of 0.,150sNitrogen, 0.04% Nitrogen was ect ive
wkile ip = sandy soil with s total of 0.015% nitrogen all the nitrogen was
active. Those Pacts could spply to the daokin Send where ell anltrogen
raturned to the soll may become evallasble for use by micro-organisms asnd plants.
The slow decomposition of the orgesnic matter and the small return of
nitrogsz to the soil indicates that wicro-orgenism activity in the soil is
low, However micro-orgenism sctivity may not be the only factor limiting
decomposition, The type of organic mgtter itself may affect the rate of
its decompositilon. The percentege of lignin may effect cellulose
decomposition e.ge 15¢ lignin reduces the rate of decomposition of
cellulose; 20-30% (as is common in wood) slows up decomposition to such
an extent thet they have no agricultursl valus as a source of humus; A40%
renders the fibre axtremely resistant according to fuller and Norman (1943).

Since the Dark Islani Swamp vegetation is sclerophyllous and has za
high lignin and cutin content (up to 30%) the decomposition masy be retarded
for this resson.

Howover since the lignin content slone is probably only sbomt 6%
for this Sclerophgllous vegetation ( jood 1933) this expleiation may not
hold,

The isck of nitrogen in this ilzkin Sand is sppsrently part of
a vicilous cycle of slow decowposition of organic matter alreedy low in
nitrogen, due to leck of micro~organisms which in turn are hempered by
lsck of nitrogen. That nitrogen 18 necessary 1in orgenic matter

decoaposition is known from work reported by Russell (1%51). He stated
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ghat organic matter containing less than 1.2 - 1.3% nitrogen on a dry weight
pasis when rotting in the presence of ammonium salts csused scme of the ammonis
¢o be teken up smd converted into organic nitrogen compounds, The rotting of
aitrogen-poor remains in a soil will lower its mineral aitrogen, 1.e.

ammoniwz and nitrate ion whilst the rotting of nitrogen~rich soils will
{ncrease it, Howsver these effects depend on the organic matter decomposing
and neither the nitrogon content alone nor the ratio of the carbon : nitrogen
in the material 1s a safe guide to the effect of the rotting process on the
miners) nitrogen level in the soil. The nitrogen demends during the rotting
of a materisl cgn be specified by its nitrogen factor which is defined as the
mumber of grammes of nitrogen in the form of smmonium or nitrate ions
{mmobolised during the decomposition of 100 gms. of the material, The
nitrogen factor is not constant for the given material but depends on the
conditions preveiling during the decomposition, Lack of other nutrients may
retard decomposition but whether this occurs in a soil such as Mekin Send
alr?edy 80 low in nitrogen that decomposition of substences such es lignin

is extremely slow is not known. All these factors and their effect on
decomposition of organic matter require ‘further investigation,

It is established thet decomposition of organic matter returpsd to the
dakin Sand is slow and that the return of nutrients to the soil is limiting.
The dacomposition of orgenic matter and mioro-organism activity are the only
ways in which mutrients are returned to the soll. Mutrients required for
micro-organism growth are limiting hence the cycle is inhibited at all
pointsa. The lack of nutrionts, csusing a low micro-organism ﬁcpnlation

in turn slowinz up orgenic metter, together with other feotors existing
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Low
at Dark Island Swemp in pert explsins the low fertility anq(nitrogen status

of the soil.

B.

NITRIFICATION *ND PROBLENS ARISING ¥ROM A STUDY OF HITRIFICATION IN THE

WAKIN SHEND.

1. Introduction

Intorsst in nitrogen bacteria constituted some of the first studies

in soil microbiology. Pasteur (1862) was the first to suggest thet

conversion of smmonia to nitraete waa due to micro-organisas, This wzs

confimmed by Schloesing ond untz. (1877, 1878, 187%). 7inogradsky (1890)

commenced work on the nitrogen nasimilating orgenisms snd published & lsrgemuer

of articles on the subject.

Berthel discussing nitrification said, "It must be pdmitted as &

quite outstanding ract, that the biochemical explanation of the course of

nitrificstion which was nut foraard by {inogrudsiy over thirty ycars agc-has

been zintzined almost unchanged $o the present day. Tn actual practice

ell subssquent resesrches 0D this subject have only served to confirm

Winogradsky's classical reseerches both on the morphology and the physiology

of the bacteriz asctive in the process and on the chemicel progress of the

nitrification.® (Vinogradsky wiicrobiologis du Sollt Prefece)

_ —> NO, 1s known to

Nitrification, i.e. conversion of ﬂﬁ5 - NOZ 3

oecur in the majority of soils but the rzte at which nitrate is produced

warics considierably. In South Austrelia there ere certsin soils having a

very low total nitrogen contente of these soils the iekin Zand has a

nitroren content as follows:

0 - 6“ - 0.032%
6 - 12" - 0,013%
12" - 24" - 0,007%
o4 - 48" - 0.004%
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1% was proposed to investigete the nitrification rate of this soil
to determine if the low nitrificstion rate and problems related to nitrific-
cation in any way accounted for the low nitrogen status of the soll.

n, iaterisls and iiethods

(1) Sstimetion of nitrification Rate

The soil saupling technique was desecribed in s previous section.

Fresh soil saunles were collected and air dried for 48 hours,
then sieved through a 4 rmm, sieve.

Soil scuivelent to 100 grams of oven dry soil were placed in
screw top bottles, end the aoisture content odiusted to 60% water holding
capacity (Piper 1947). The solls were thoroughly agitated and then
incubated at 259C in = constant temperature rooi. Seriss were set up
sllowing 3 replicates to ve samplsed per sampling dsy when the nitrate or
nitrite wes estimated as the experimemt demanded. #rom eech bottle of soil,
dupii~aie ostlmstions wers made. Verious experiments were carried out using
this hasic method. Yailte virgin soll was alwaeys used =8 a control.

(a) Experiment 1

smmonium sulphate was adied at the rate of 100 ppm of nitrogen.
cive ‘ )
Calcium carbonate t%(agfinal concentration of 1. was added together with
ammonium sulphate.

(b} Experiment 1l

Potassium nitrate and sodium nitrite wers sach added at the rate of
100 ppm nitrete and nitrite nitrogen respectively. The levels of nitrite
and nitrate cerc estimated et reguliar intesrvsls.

{c) Experiment 111

Sodium nitrite =t 100 ppm nitrite nitrogen was sdded to Zakin Ssnd with
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yarious carboll SOUrCeSs serbon sourees wera sdded to glve LUOU ppm of ¢zrbohe
ggrbon sourees sdded wWere piucese, surcrese, mneliose «nd plycerole The
pitrite end nitrats lavels were sstimetod at roguler intervslsa

(a4} Z%merimsat IV

gdetium aitrite st 10U spm nitritve alirogsn wWas wided to sutoclavad
yakin Sand end tbhe nitrite level folliowed at resulsr fntervels.

(e) FEmperiment V

godium aitrits et 100 ppam nitrite nitrogawns gd4ed to tekin Zend
togather with the following eunzyme inhibitirs st 1{)'354-; concentretion.
and,

Sodium sride, solium lodoucetnte znd ¢hioroforu, / ¢ hydrozy quinoline &%
»

10'5:;‘; concentration wss ndded because of 1ts chelating poOWeTrs.

Mitrite snd nltrete Levols Wors sstimoted reguizrly.

(f) Caperiument VI

To en sctively nitrifying scuple of -alte garden Soll L0 ece of &n
acbreet of uakin Sand was sdded. The exbrasct was mezds by sheklng 100U grms
of soil with LOO ccs of water for 43 hours. Gpe erirvact was Ssitz filtaraed
and snother was autoclaved before e3dition to the soll. s A0 prao. sample
of Mokin Sand wes adds? to 100 gms of the dnite garien soll. ifter
incubation =2t 259¢ and st 600 water hoidiwr sepecity the aitrats level was

astimetad ot rogulsr intervelse

(g} Experiment VIX

ok in Sanl wrs Ltrasted with concentrated hydroger pecoxzlde to
destroy the orgaulc froction washed thoroughly snd sodium nitrite sdded et G0
ppm nitrite nitrogen. Another semple of soill was ignited in a furnace and

then had sodium nitrite added, 4 further sample of poil w2s trested with
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strong ceustic and after thorough weshing, sodium nitrite sddad, Tha nitrite
jevel wWas astinated at rsgular intervals.

2, Glethod of sstimation of nitrate in the incubation series.

The method used was sfter Lewis (1956) (Private communiecstion).

Reagents

Concentrated sulphuric secid ( 5 + L )

Added 5 volumes of pure sulphuric scid to L volume of distilled water.

Yylenol solution

Wade & 15 solution of xylenol { 3¢ 4 zlon -~ 1 - ol)} using escetone =s
solvent.

neustic Soda Solution - epproximstely /5

Dissoived 3 grsms of sodium hydroride pellets in a litre of distilied watar.

Silver Sulpvhste Solution

Dissolived 5 grams of pure nitrste-Iree silver sulphate in 60 wml. of

concentrntes sumonia. Bolled off sxcess aweonle and diluted to 100 ml

with water.

Anaaratual

4 glass distillation unit with a stonderd ground gless joint was usad.
To the outiet of the doubls surface condenser was fusad a pilsce of gplass tubing
long enougk to reach to ihe bottom of the 150 mls collecting flssk and the tube
counceting the boiling flask to the condenser was slso fused to the iplet of
the  ondenser so that the only detache® .e joint was thet bstween the boiling
flssk =nd the unit.

dethod

To L5 ml. of ultratls solution (containing less than 260 microgrzis of
nitrate nitrogen) im = 500 mi. boiling flase sdded 50 mi of the sulphurie

seid { 5 + 1), swirled ussil thoroughly mized sod thon nleced in a waterbsth
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maintained at 20 - 25°C. if the solution contained more than 10 micrograms

of chloride excess silver sulphate was added. #hen the contents of the flask

had reached the temperature of 20 - 259C the flask was removed from the beth,

1 ml of the xylenol resgent was added, thoroughly sha<en and allowed to stend

on the beunch to nitrate for 20 -~ 25 minutes, then 150 ml of water we2s edded

and the nitroxylenol distilied over into 10 ml of the caustic soda sclution

(N/5) (contained in a2 100 ml volumetric flask) until 80 - 85 mls of distillate

hed been collected. The condenser water was run out and the stesm sllowed

to remove any xylenol which msy have golidified in the condenser. The

golution wes allowed to cool to room temperature, diluted to the mar: and

mizxed thoroughly. Within 2 - 6 hours of distillietlion the light transmission

of the solution wes measured in & photo=electric colorimeter using Ilford

colour filter 1601,

Standard curves prepared by Lewis using this method gave & straight

line curve.

The method was sensitive to small amounts of nitrate.

for each series of estimations e blank sn? sopropriste standard were

used.

The colorimeter resdings were read off from standard grsphs to glve

\ / ml of solution which were then converted arithmetically to vpm.

5

iietnod of Estimation of Nitrit®

Reagents

1. 0.5% sulphanilamide in L : 1 HCL (stored in & refrigerator;.
Used 2 ml per 100 ml solution.

5. 0.1% N (naphthl) ethylenodlamine daihydrochloride in water-
stored in a dark bottle. Used 1 ml per 100 ml.

sethod

Took @ sample of nitrite solution containing less than 20/3 N0, "N in
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100 ml volumetric Tlesk and diluied to 70.95 ml. ghook to @mix end
added 2 ml of sulphanilamilde solutioa and allowed to stand in a cool
place sway from direct sunlight for 5 minutes then added 1l ml of
N (1 nephthyl) ethylene diaaine dihydrochloride solution end allowed
to stand for 10 minutes while colour developed. The colour developsad
remeined stable for =zbout 140 minutes alfter which slight fading began.
Read the percentage transmlasion in a colorimeter using diatilled
water rs 100% transmission using = green filter such ss I 605.
The following are the figures for o standard curve obtained by

the sbove method,

Solution #»Transmission Average Nog N
1 99.15) 99.18 Blenk
2 .20)

i 91:3;; 91.88 5 gn
Z 85:32; 85407 1.0

% 75:1?; 13.42 2.0

0 e .08 3.5

12 e 41.77 5.0
ii 41:%3§ 41,31 6.0
1 39:96) b 1S
. 29:2;; 29.74 8.5
& g;:#g} 23,93 10.0
5 47:;5) 47.51 5.0

This gave a sraph which is not gulte a straight line but no better

method could be evolved. The portion of the curve used wes a straight line,
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b Results end Discussion
The nitrirication rate for the makin Sénd i3 compared in Graph L
gith that of Jaite virgin soll. The figures obtained by addition of

srumonium gulphate snd calclum carbonate are pnlotted on the same graphe.

The Tresulis obtnined were &8 Pollows:=

Makin Sand (Keilth soil)

NOZN 1m ppm

Time Control Ammonium sulphate smmonium sulphate
(in days) adied + orlniun carbonate
0] 2 - 3
10 2 - 19
20 2.5 2 38
36 5 4 52
40 10 6 72
50 12 9 not dons
60 13 10 w8
170 14 11 " b
gaite Soll NO}"N in ppm
Time in dsys Conbrold
9] 14
20 43
30 65
AQ 705
60 1261

These results wWere after incubation at 25°C end ab 60 water holdlng
cepacity.

The addition of ermonium sulphste Aid not glve en incresse in nitrate
nitrogen but rather cnused a decrease 1in nitrification. However the sddition
of ammonium sulphate togethe: with celeium carbonate ceaused & rapid rise in
nitrification. The effesct of emmonium sulphate on aitrification may be
expleined as follows.

Followling sddition of anmoaiun aulnhste o the soil a base exchange
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+
reaction tzkeg nlace; NH, lons onter ths exchange complex and en

squivelent smount of brse usually czlicium is displaced. This diaplaced
calcium then washes out of the aoll in assoccistion with the 804' ions
introduced in the smmonlum sulphute. 1f the simonia is anitrified the
nitrate produced 1s neutralised once again by calclun. If the nitrats
{s token up by a plant or utilised by micro-orgenisms the calcium 1s free
to enter the syste:n agelin. If the nitrates is leached out the calcium is
also leached. Hence it csn be seen thet it ie posasible to deplete the
aoil cuite ssriously of caleium. So lonmy =28 the soll contelns a rsaerve
of czlcium cerbonste the loas of calcium is uot serious since the celcium

is tskxen Trom the excess rsserve and not the exchangesble calicium. In

the iekin Sand howsver where tuers is no exceas celcium carbonste, repl-ceabls

calcium 18 removed from the soll. The exchangesble ¢alcium in the iiakin Sand
ig extresely low {2 Wes) and its depletion is therafore repld. After serious
loss of exchangeabla calcium the soil becomes scid. It is this scidity

which probably affacts nitrificetion end cszuses a decline in rate of nitrate
production, Nitrification functions best between pi 6 = P Tha kakin
Sand hes & pi of 59 = T» ¥ith the addition of emmonium aulpnete and the
lack of calcium the pli is probably lowered to a point below thet favoursable
to nitrification.

That this state of affairs held for the iakin Sand was borue out in
part by the results obtained when celeium carbonate was added with the
emmonium sulphate.

The adiition of calcium carbonate {ncreased the free calcium content
of the sodl which affected tha pH and probably slso acted in the followlng

MAnRET, Bacteris concerned in nitrification im pure culture grow in a film



around the caleium carbonste perticles. jeice the ndditlon of free calcium
carbonete to the soil mey provide g favourablie medium for the growth of
these bacterie.

The nitrification rste wae shown to be low in the Mezkin Sanl =nd
the addition of smnoniume sulphate and celcium cerbonate ineresged the
production of nitrate. Whether imck of raw materlals necessary for the
arocess was the only limitiung I'sctor Was not Xnowis

Attempted isolation of the organisms concepned in nitrification
ghowed thaet thelr pusbers in the soll was iaw. but thls of coursa uy be
governed by the lack of nitrogenous materials necessary for their growth.
inether any biologlcal or echemical block to the altrification procass 4&s
prosent in the goil was not Known. ¥or this reason experiment VI was
carried out. liowaver the sddition of extracts of Makin Sand and yalkin
gend itself, added to an actively nitrifying sample of lmlte garden soll
did not eceuns sny Secrense {n the nitrification rate of the ¥mite soil.

The Lack of raw materials apperontliy effected $he bacterlal
population thus alowine down nitrification. 3ince tie Makin Send 1is
1imiting in copper, zlnc sad nhospheorous, their sddition would enbence

nitrificetion further. This wes Tound by Lewis {nrivete communication)

Ad.

for Szddon gravelly sandy loem, & soil of poor fertility ou nangaroo Isiasnd

and by Loes cnd idelkel john (1948 (1) 1948 {2)) for tnglish solls.

ybile nddlng vemrious nitrogenous substances $o Kangarod Island sol
Lewis (privete commnication) noticed thet when nitrite was sdded to his
goils, efter given {ntervals, he could mo longer estimate nitrite snd the
nitrate present did not iniicetse that there @Wus 8 corresponding conversion

of nitrite to nitrate.

is
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When nitrite waa added to lakiu Sand the same phenomenon was mnoticed.

Phe Tollowing results were obtsined:~

]
MDITION CF NOo N AT TH® RATE OF 100 ppm TO 100 CMS OF AIR DRIED

S0IL IN THE FORM OF NaROp

Kelth Soil %alta Institute
(liakin Send) Firgin soll
Time 1O N NOy Vi 1O, ' NO 5t
bpnr ppm ppm ppm
Originel %43 ppin
value ~— to oven 02 9049 S0
dried soil
5 d:}ys 41,2 9..1. 1508 1600
28 days 7-4 22.1 .Ob 2609
46 d.ays 2.5 27.1 .06 57.1
61 days - 29 - 45,4
91 deys - 3065 - 18,3
These results are plotted to give graphs II sznd I1l. This

experiment wse repected siz times and eamch repotition geve replicas of the
above results to an accuracy of * 5%,

It was proposed to investigate whether the ohenowenon of nitrite
utilisstion was due to micro-orgsuisms. The method for estimating nitrite
was [irst checked carefully. %We assumed that 47 tﬁe nitrite was belng
utilised by uicro-organismsand was not being couverted to unitrste,
denitrification may be takiig place. If this were so then nitrate addad
to the soil under the same conditlons of moisture and temperature should be

utilised by micro-organiaus.
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Potaasium nitrate wes therefore added &t the rate of 100 ppn
NO/f to 10O gus. of iy drisd soil which == 95.2 ppm %o 100 gm of
oven dried soil. The Tollowing results Wers rocorded.

ADOITION OF KNO3 0 SOIL AT THE RATE
OF 100 ppa OF H0z'N

Time Xeith Juite Instisute
Virgin Zoil

HO3'N ppm N03'N npl
Initisl 952 92.2
5 days 98.0 98.1
12 deys 9349 112.1
28 daye 102.0 134.8
61 days 10446 171. 0
Ths results when plotted gove greph IV. 1t can ve seen thet
the potassiun nitraéﬁxggigured aven after 60 deys. The process by which

the nitrite was beling utilised did not appesar to be denitrificatien.

Still assuming thet the procsess was due to micro-organisus several
axperiments wWere set up gimultaneouslys These iiere gyperinsnts 11 and IV.
in experiment iIL verious carbon sources were added togethsr with sedium
nitrite on the sgsumption that if the action was due to micro-orgenisms the
sddition of a readily avallable carbon source would increase the rapldity
with which the nitrite was utilised.

The following are the results for these experiments.
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ADDITION OF 100 ppm NOpWN 29 Nalop TO 100 CHS OF

AMR«DRY 3011 43D 2060 »om of C 28 QLUGOSE
Kelth Soll welte Institute
Virsin 2oil
iOn N "~ : "
Time NO5 YN mo3N NOE'N NOB'N
npm ppm ppm ppm
Calculated
value 95¢3 Orig. o2 Ghe B Os 5

& hour 92.4 - 1747 -

4 Quys 67«5 3.7 5425 19.69
14 d4ays 22,2 22.4 o U7 2561
2% !ifi}'s 1-2 07 27.1 .03 1808
51 days - 2645 - 579

These resuits  are

nlotted to give graphs

Vv and Vi.

Fesults for the other carbon sources Woral

MpEIH BAND
e e

Time in Sucroge Clucoae #altnas Glycerol
Adays pom opm ppre ppR
NO, "N N05'N NOp YN RO;'N HOp'N NOB'N HOo 'R NOB'N
C 9l el 91. % o2 8‘}.9 o2 903 s
2 72.3 - 7205 = 72-0 L 72.9 L
6 45.9 10,2 4%5.% 10.8 41,2 1l.6 46,6  J.6
14 151 20.5 15.6 17.8 15.7 2l.4 4,7 1B.2

Compuring these results witl: the control curve plotted to give graph

II it can be seen that the sddition of these carbon sources did not increase

the rate with which the nitrite was utilised.
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Tt §i3 rot sppear that the nitrite loss wes due $0 micro-organismg,

The sddition of nitrits to an sutoclavad semple of soll nroved fairly
conclusivaly thot the nlirite wag not beins used by miero-orgenisms. Ths
regults obteinad were ss Tollows.

AODITION OF 100 ppm HOZ!N re HAlCy m0 100 i OF AIR-DRY

AYTOCLAVID MAKIN GAND

ppm

Time in days NOo YN ‘ NOz '
0 9548 .2
LS 45.1 Y,
i2 25.1 i6
28 Te? 21.5
46 3.1 2842

The results sre similar to those plotted to give graph Il.
To further substentiate evidence that the utilisation or loss of nitrite
waa not dus to micro-organismaexperimnnt V wos carrizd oute inzyme inhiblitors

added st 10 "2 concantration together aifh sodiun nitrite geve the follouing

results:
100 ppm HOo'N + EREVEn DUISITORS AT lﬁ-%;JUNGENERfTIGL kA I SO IL
MANTHT SAND
Resulte cepregsed @8 ppin B0 TN

(£§i::ys) chloroform sod, inlo scetate sod.chlorate 2u2%2{g§g- Control
0 938 935408 9348 93.8 9548
4 1564 1641 5%e9 55e3 TLleB
1L 186 % +15 17.7 31,0 554

These results are plotted to give Graph VII.



it the exception of sodiwa chilorats nll the inhibitors gave 2i
epnerent enhenccment of the nitrite utilizotion rutheor then a depression
as wouli be sxpected if the aitrite wars belng =ttacksd by micro-orgénism.
It eppeers then froa the poguits that the nitrite is being utilised in
a chemical reaction rather then in & resction concerning imicro-orgunisns.
sxperimsnt VII in which sekin Send semples were (1) igaiied (2)
washed with peroxlde snd (3) weshed with ceustie sods scd then kad nitrite
added gave the following resulls

TREATHMBNT Hesults es ppit HO0,H

Time ' Paroxide saustic A

(in days) Ignited anshed weshed b
0 101.2 10Le2 101.2 2348
T 10143 101.1 101,.0 6%.8

The results indicate thet there is sous recctlion bstween nitrite
snd the organle fraction of the scile

The reported anitrite beheviour neesd not necsssarily mean thet the
nitrite is lost to the soil altogether. he nitrite may silaply be tied
up for 2 transitory period =nd then relessed to enter inta the nitrogen
cycle sgain. However tha problem of this aitrite behoviour is an
intarcsting one zad several suggestions sre mads to secount Tor it.
Turther Work would prove insercsting on this subjsct.

Temnle (1914) reported that nitrites were Jecomposed by en scid soil
#ith formation of nitrous oxlde. Similarly Turtschin {1936) Cound that
acid solis resct w#ith nitrites to produce guscous nitrogen compounds,

aith coussquent losses of nitrogen. Praps aad Sterges (1939 ) observed
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thet even when they added 1% 60003 to acid soils nitrite was s$ill lost.
Franklin, Allison and Dostschk (1950) have suggested thet lose of nitrogen
gas may occur ia ecid soils dy:-

{1) wolatilization of compounds tuch‘a- emmonia, nicotine, and possibly
oxides of nitrogen.

{2) formation of elemental nitrogen through the reaction of denitrifying
bacteria.

(3) {interaction of nitrous acid with mmmonis or e-scids with the resultant
gas being glven off.

They claimed these reactions took place only up $o a pH of 5.

The pH of the Makin Sand ranged detween 5.8 = 765 and conditions do not
eppear $o be sufficiently acid to allow the above reaction to take place.
Denitrification does not sppear to be the explanation as previously discussed,

No meesuremsnts were made of gnses emolved due to techmical difficul-
ties and lack &f time to verify any of the above suggestions.

It was suggested that nitrite may be reacting with ascorbic acid
to give oxides of nltrogea. However it 1s no$ kmown as yet whether
there is any free escorbic acid in the soil and if it is present what
quantity exists. Shorey (1930) reported that nitrogencus substances
were imvolved in the break-down of ligain to humic aclds. He considered
that lignin decomposition involved (1) an oxidasion (2) a process dnying
which enrichment in nitrogen oecurred. This process 1s of interest
where we are considering & soil such as the dMakin Send which is high in
1lignin end cutin, It wes reported that in an alkeline medium, in
the presence of amionia some of the amonia wes converted into a part of

the new oxidetion product, although the way in which the nitrogen was "linked

1
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‘up was not known,

Kattson end Anderson {(1943) have shown that the reaction wes not
gonfined to 1ignin but applied to polyphemcls, resorcinol, bydroquinone,
;;1113 end tannic ecids in much the same wey.

Purther Lsatsch {1948) has shown that sctirsayceies im particuler,
put fungl alse, produced quinome and related compounds thet behave much like
1igain to give on further sutoxidetion in the presence of wuainss ekd amino
gcids, subatances very similar %o soil humuse These conversions wers
gsually performed by micro-orgenisms Iia the course of their metabolism.
Plaally heesoma (1942) has shown that autoxidised mitrogen-rich humic like
gompounds ere very resistant Yo decomposition in the soil. (Russell 1950%.

Thether any of thess resctions cited above offer an explanation of
the free nitrite loss in the soil needs further investigation.

The Maxin Sand is mot the only soil showing the loss of free nitrite
sinca the phencmenon was shown by Weite and Kangaroo Island Soils. It is

probable $hat other soils show this phenomenon.
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Y. SUMEARY

It has been estevlished thet the Nakin sand which is s soll of
pelatively low fortility supported a microflors ia which fungi and bacterle
occurred in comparable mumbers (of the order of 1L x 10 orgs/gm of soil) and
the actinomyceta population was high by comperison. these conditions slsc

apply to all sendy soils of low fertlllty so fer luvestigeted throughout tie

woride
since the soll under study was 0N of low nitrogen status the
nitrogen eycle in the soil hzs bszen of particular interest. Orzenisus

ragoongible for altrification were low in numbers snd no orgznisms cspable
of fixing nitrogen wers isolated. Phe decomposition of orgsznic matter

roturned to the soll was very clow; each year's iltter teicing up to thrae

years to be docomposel. The nltrogen returned to the soil Irom this
1itter was low; 0,05 gms / plant of Senisis ornzta. The nitrogen

raturned to the soil being limited is replidly used by micro-organisus zng
plants snd hence the cycle is inhivited at il stages.

Nitrification within the Maikin Sand was axtremely slow but could be
inereased by the sddition of 03003 snd nitrogenous substances. Substances
such as phosphorus, copper =ud zinc cowpounds zlso incressed nitrification.
Phe affoct of all these substances was to act upon the nicro-organisms involved
and to iucresse thelr numbers.

shile adding nitrogenous substances to the soil to taest their effect
on nitrification it was found that 1T aiirite @wes sdded no nitrite could b2
detocted after 14 days but thers was no corresponding incresse in nitrate.
The nitrite was not removed by denitrification and the remnovel was not due

to micro-organisms ond was coufined to the orgeniec frzction of thas soil.
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The pH of the soil does mot favour any interaction with amizo acids
or the loss of nitrogenous substances by way of smmonle cr oxides of
nitrogen. A suggestion hes bsen made that the nitrite mey combine
with polyphenols &nd mey oven be combined in am unavailadle fom.
The nitrite loss provides & problem (for further work, It is
interesting that this nitrite phemomenon also occurred in Waite and
Kangaroo lsland Solls.

Since the iakin Sand was slready low in nitroganous substances,
nicro-organisns were low in number and henoe proeesses involving
nicero-orgapians weres slow and limited. Hitrification and decomposition
of orgenic matter was slow in the uekin Sand end hence nitrogenocus
substences wers limited.

All these fmetors help to sccount for the low mitrogen atatus
of the Makin fand and help to explain its low fertility. Probleus
suiteble for further work have arisen from the preosent study. The
study also provides micrebiological iaformation towerd the campletion

of the studies on the heath vegetation commenced by the Batany School.
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