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Infroduction

The environment of & plant is the sum of all external
factors andieubstanceelwhich affect its growth,_etructnre, and
reproduction.

~ Plant dietribution is primarily controlled by the

inte:action,of’climatic and edephiclfactone.' It would appear
thet‘in the life history of organisms there ere timee when it is
in some oritical phase of its development which results in a
narrow tolerance range for a partioular factor in the environment
The narrower the range of tolerance, the more critical the
factofe become, sucn factors become contrOIIing according to
theirfdu:ation, summation or extremes, and anyvindividual factor

either of climatic or edaphic origin may in itself become

limiting to one or more species. Thus any one factor or combination

of several factore may serve to reetrict the range of a eingle
species, group or aeeociation._ Edaphic factore are most likely
to shqﬁ enefplv defined patterns covering over small areas.

| N ﬁnder natural conditions a plant cover develop under
the balance of pheiological end eeological conditions with
climatic_and edaphic conditions, However, the chemical

differencee in the eoil may produce a marked ohange in the .-

. vegetation even within fairly uniform climatic areas.




In general, major plant community groups are often
closely correlated with the developed soil type and independent
of,such-factqrs'as'physical texture of the soil. The smaller or
minor qommunities_are often directly affected by such factors.

Soil factors become controlling according to their
duration, summation or extremes, an& any individual factor
eithe: of physical or chemical origin may in itself become
limiting to one or more speoies. Therefore we must understand
~ what influences seems to be dominant or in what phase in the
piants' development the individual faotors assume a leading or
limiting influence, and what combination or snmmafién of the
‘environmenta; entities become significant, both for single species
and for group-or assoclation.

As there are four obvious zones of vegetaiion along
the slopes of the river bank at Shincliffé, a vertical gradient
of edaphié'factor is expected. -

| This study attempts to interpret the distribution of
higher plants and fungi in terms of soil factor variation. For

this purpose, several physieal and chemical characteristics of

the soil were examined.



Review of Literature

Biilings (1951) studied the vegetation of the Great
Basin of western North Amerioa, and concluded that large
vegetational zones were connected with olimatic and soil, the
moeaic of smaller vegetational differences within each zone may
be caused by edaphic factors, topography, or successional stages
of the vegetation itself
In the study of soil-vegetation associations of
" northern Tanzania, Africa, Anderson and Talbot (1965) found that
wind‘erosion and soil depth, texture and salt concentration, all
of which affect m01sture availability, largely determine the
grassland patterns, Levels of available nitrogen, manganese,
and magnesium play a minor role. ‘,
| Loach (1966) in North-east Hampshire,.noted three
ad jadent and closely related plant communities in Bramshill
?erest: each conmunity was restricted to certain areas according
to the levels of nutrient and water table.
Van der Maarel (196§) studied several dune and salt
marsh communities and discovered that the sharp boundaries
between communities were related to tariation of pH, soil

moisture and topography.
West and Kamal (1968) in south-eastern Utah, found

|



that the discontinuity between four distinct plant communities
is correlated with edapﬁic diécbhtlnﬁitiéé.

In the study -of vegetatlon in Upper Teesdale, Marshall
and Bridgewater (1969) stated that the boundaries of the plant

communlties was found to be correlated with simple edaphic

factors, water holding capacity, Ca++ Na* Mg** as total concen-

' trations in the 9011 8nd the organic oontent of the soil. _



Description of Study Site

The'study site was on the west bank of the River Wear
near Sﬁindliffe, about one and a half miles from Durham City.
The area, . which belongs to the Durham Agricultural College, is
at the edge of a ploughed field. The slope is about 45°, facing
east. Four zones of fggetation, each domiﬁated by one of more
characteristic species can be seen easily.

In this report the zone nearest the river is described
as zone 1, the adjacent one zone 2, the next zone 3 and the
highest zone 4.

Marked‘rises of the river level usually occurs in
raining seasons and especially during snow thaw, causing flood
waters to reach the top of zone 2. This is shown by the
accumulation of alluvial material in these zones.

In general, the weather and river conditions are
correlated and are comparatively unsettled throughout the summer,
the river falling to its lowest level in the autumn (Fifteenth

Annual Report of Wear and Tees River Board 1965).
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MECHANICAL ANALYSIS NATURAL MOISTURE AFTER FIFLD SOIL GAS ORGANIC  CARBONG AVAILABLE NITROGEN{ pH
SAND;. CLAYE SILTS MOISTUREZ AIR-DRYING $»  CAFACITYX COS% O MAT. GOT.% PHOSPHATE
! . |
I A 86.9 3.03 10.07 20 1.4 22 g ,7-68  5.85 ' 5155 . 0.0154 7.18
B 88.84 2.02 9.14 2l 1.5 25 2.78 18.52 12.7 5.031 0.179 0.01L 7.2
¢ 85.85 %.0r 13,1y 32 1.1 22 3.1 17.25 3.53 1.97 - 0.155 0.008Y 7.2
Ave 87.19 2,02 10.78 25.3 1.23 23 S 5.1 - 4.283 0.176 0.0125 7.2
B 79.8, 0 20.16 16 1.6 20 .~ 1,76 18.82 8.45 3.188 0.172  9.0275 7.1
C 87.8 3.02 9,18 16 0.9 . 25 2.58 18.25 9.77 3.602 0.182 0.0317 7.15
Ave 83.14 1.68 15,17 16 .23 2L.3 6.39 b.313 0.17L, 0.0277 7.05
WA 85.5 1.037 13.46 18 1.6 23 8.13  L4.875 . o 1o 0.007 6.7
B 84.82 0 15.18 8 1.2 o, 19 1.72 19.2  5.06 2.262 .+ 5T 0.008l 6.85
C 82,71 4.07 13.22 20.5 1.8 19 2.52 18.6  5.09 2.57h 1 5503 0.014 7.0
Ave 8L.34 1.705 13.95 15.5 1.53 20.3 LeS57  3.237  'ich 0.0098 6.85
IrA 80.1 3.4 16.76 19 4.6 28 142 L4953 | g o 0.0315 5.6
B 80.2 0 19.8 14 L 28 - 1.62 19.82 11.57  7.39 | 0.119 0.035 6.5
C  77.46 3.09 19.45 15 2.4 26 2.7 18.9° 6.25 3.92 ' 51135 - 0.0595 6.55
Ave 79.25 2,07 18:67 - 16¢ .- 3.7 27.3 ‘ : 7.32 5.753  5.17% 10,063 6.217
Table 1 : Results of edaphic factors amalysis.. . o , \ )
. I  Zone 14 '
o : 4 IT Zone 2 -
° . . - IT Zone 3%
- _ IX Zone 4

A surface soil mmaﬁwm .

B soil sample from 30 cm below soil mcd%mom
C soil mmB@Hm from 80 cm below soil surface
Ave average
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Analysis of Soil Factor

I, Method

:Details_df-thg:method'are contained in Appendix I.

II. Results
The results of soil analysis are repreeenféd‘in Table
1. Ahalysis'of variance were calculated for the average value of

‘each soil characteristics from 3 depths (surface, 30 and 80 cm.).

A, Phxsical Character
1. Soil Profile

"The soil profile of each study zone (Fig. 2 to—5)
depicted the morphologieal characters of soils. The number of
horizons were found to be the same in different zones, and most
‘of them are similar in their origin énd development., As zone 1
is near water level, the condition of poor drainage caused much
»blackjhumified material to develop in the B horizon. A similar
oondition was found in the adjacent zone 2 but to a lesser
degfeé. In zone 3 a high compaction was shown, probably due to
treading, as two foot paths‘were laid along this zone. The B
horizon of zone 4 contained highly humified organic material

together with vast amounts of earthworns, insects and dead roots.



'2i ‘Mechanical Analysis’
The necnenicaliccmnositicn of soil has & deéisive influence
dnvmany-of tne soil propertiee:,'on the moisture-air and thermal
regimes, on the absorption capacity of the soil, on the

accumulation 'of humus and elements of plant nutrients, etc. All

ecil. .
Of the 4 zones, zone : 1 has the highest content of sand
(87. 19%) as expected, as it was deposited by the water currents.
Zone 4 hae the highest percentage of silt end clay (2. 07% and
18 67% respectively) and 1owest of sand (79. 25%) The values
for zone 2 and 3 are in between those of the two extremes. As to
the texturel classificetion, zone 1 can be classified as sandy,
zcne 2 and 3 sandy 1oam, and zone 4 loamw sand (Bowen-anee: An
Atlae of Durham.City)a
5.“Neture1 Mcisture
E Soil moisture ie related to plant growth in many ways,
directly and indirectly. 'Directly its effects pertain to thel
adequacy of the moisture supply. .Indirectly, it influences
plentlgrcwtn b& its effects on properties of soil.
- The natural moisture was found to be relatively high

in zone 1 and the value increesed with depths (20,'24, 52%). In

other zones it varied from 15.5 - 16% (Figi 3a).
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Fig. 3: The average value of several physical analyses in each zone.



4.'Mbieture:after:Air-drxigg
.t - As. to moisture after air-drying, a.reverse situation
to natural moisture was found.  Zone 4 had the value of 3.7% due
Ztovitglcomparatively peculiar texture. -No significant difference
was noted between the others (1.23 - 1.53%) (Fig. 3b).
5,hWa£er Table
The. postion of water table depends on profile .
‘différehtiation, topography,anq aeration, Thelwgter table as
.shgwn:in Fig. 7c.was'mqre or less parallel to»the soil surface.
. 6. Drainage Rate and Field Capacity |
;‘ “ A' Field wvapacity is the moisture content‘of soil two or
tﬁree days after the draingge of heavy rain'has‘progreséed. The
‘reaﬁlté'showed cdrrelgtionAﬁith texture and moisturé after air-
'd:yingv(zone 4 27.3%, the others varied from 20.3 - 24.3%) (Pig.
3c). |
Drainagé rate may be affected by texture, structure
and orgaincvmatber.content etc. There appeared to be no considerable
var;gtion between depths in each zone, but significant difference
between zones. Zone 1 is the highest and zone 3 lowest, The

former is mainly affected by the higher content of sand and the
latter by compaction of soil (Fig. 4).

7. Carbon Dioxide and Oxygen Contents

The soil atmosphere occupies that part of the space in

the soil not taken up by soil solutes and the balance between
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the fwo'will fluctuate with rainfall and drainage. Prolonged
heavy rain can lead to the displacement of much of the soil
atmosphere by water, but as this drains away fresh supplies of
air will be drawn into the soil behind it. Drainage and the
soil atmosphere are thus inseparably linked.

| Variation in CO2 and 02 contents between soils in
diffarent zone appeared to be relatively minor and inconsistent.
But the concentration of €0s (2.52 - 3.1%) slightly increased

‘and 02 (17.25 - 19.82%) slightly decreased with depth. ( Fig-34)

B. Chemical Analysis
1, Organic Matter Content

Organic matter consists mainly of plant and animal
residues in all stages of decomposition. Its composition
producés substances that increase available plant nutrients.
From a physical point of view, organic matter improves the
aeration of soils and the water holding capacity.

" The results of organic matter content correlated with
the feature of the soil profiles, zone 4 had the highest value
of 7.32%, the others are as follow:- zomne 2, 5.36%; zone 1, 5.1%;
and zone 3, 4.5% (Fig. 5a).
2.¢:Carbon Content

The amount of carbon constituted the main part of the

organic matber, thus the data of carbon content in each zone was

o



a, Organic matter content ¢ b, Available phosphate

Zone

Fig., 5:
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prop&rtional to orgénic matter content.

3. Available Phosphate
~«+ '+ .. Phosphate plays a fundamental role in the'very large
number bffenzymié reaction that depends on phosphorylation. It
is a constituent of the cell nucleus and im essential for cell
division and for the development of meristem tissue. Available
phosphate is part of the total phosphate available for the use
of plants. -The amount of available phosphate is evehly'
disfriﬁuted in different depths as well as in different zones
(average: 0.p72%) (Fig. 5b).

‘4. Nitrogen

| - Nitrogen is also essential for plant growth as it is a
constituent of all proteins and hence of all protoplasm,
Nitrogen is accumulated in the soil profile in accordance with
the distribution of soil organic matter. Thus zone 4 had the
value of Q.063%, which wes several times higher than the other
zones (Fig. 5c¢).

5. 2B | |

Thefe was an obvious vertical gradient of pH variation

with depth, This was mainly due to the leaching process of the
soil. The average pH values for each zone were as follow: zone
4, 6.217; zone 3, 6.85; zone 2, '7.05; zome 1, T7.2. Thus zone 1
had accumulation of leached material which had been washed down

;(Fig.‘Sd)."‘
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v The pH value of the water at Shincliffe Bridge
fluctuates. between 7.4 and 7.9 (Fifteen Report of Wear and Tees
River Board 1965).

sl
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- Study of Higher Plants

Theré waé a»gignificént differénce between types of
soil chéracteristicss texture; moisture cpnéent, orgenic matter
content and pH etc. in the four zones. Iﬁ ordér to understand
better the effect of soil upon the composition and density of
vegetation, two methods were employed to study the higher plant
distribution.

1. Braun-Blanguet Scale (/fiz)

Floristic analysis was made by the eye. Fifty-two
quadrats (one meter each) were examined at random in the study
site using Braun-Blanquet scale (Appendix II).

v?.!BeltTransect.
A belt transect which consisted of 23 quadrats (70 om2
each) were laid down perpendicularly from the water level up to
‘the top of the bank. The percentege of occurrence of each

species was estimated.

II., Results

_ The results of the two methods of study were closely
correlated. The data of the first method are shown in a
phytosociology table (Table 2) , and the percentages of -

ocourrence of 25 main species are represented as histograms in
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Fig, 6. The resulfs 6f~thessecmhd method are in table 3 and
rgpmesented as ladder transect histograms in Fig. Ta.

o Poa trivialis, Angelica sxlvestris and Arrhenatherum
elatius were the most common species w1dely and evenly
distributed throughout the bank The second important group mas
Cirsium arvense, Rubus fruticosus, Artemisia vulgaris and Rumex
obtusifolius. They were not so common, as they showed only
éééttéméd éppearamce in ‘zone 3. The diétributimn of Uiiticm

dioéié WAS'mestricted to zone 2 and 4, Vicia sativa to zone 2, 3

and 4, whereas Lolium ﬁérenne and Holcus lanatus to zone 3 and 4
only. o o o R
o Apart from these widely'dié%iibﬁtéd téma;'éach zone
was dominated by a characteristic commumity which was named in
this study as A, B C and D respectively:-

A, Phr 1ties communie, balix purpurea and Impatiens

'glandullfera in zone 1
mB. Tanacetum vulgare, Equisetum arvense, Festuca fuﬁma,
o Dactylis glomerata and Ranumculus repens in zone 2.

C. Phleum pratense, Trifolimm repens and I, arvense in

- ‘zone 3.

D, Galium apéiihe;;Lamium élbmm_énd Aiopercuroué Bfatemsis

. ' in ‘zone 4.
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Phragmities communis
Salix purpurea
Impatiens glandulifera
Tanacetum vulgare
Equisetum arvense
Festuca rubra

Dactylis glomerata
Ranunculus repens
Phleum pratense
Trifolium repens

T, arvense

Galium aparine -
Lamium album
Alopercurous pratensis
Poa trivialis

Angelica sylvestris
A-rrhenatherum elatius
Cirsium arvense

Rubus fruticosus
Artemisia vulgaris
Rumex obtusifolius
Urtica diocia

Vicia sativa

Lolium perenne

Holcus lanatus
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Phragmities communis
Salix purpurea
Impatiens glandulifera
Tanacetum vulgare
Equisetum arvense
Festuca rubra
Dactylis glomerata
Ranunculus repens
Phleum pratense
Trifolium repens
T. arvense
Galium aparine
Lamium album
Alopercurous pratensis
Poa trivialis
Angelica sylvestris’
Arrhenatherum elatius
‘Cirsium arvens7

s

Rubus frutcosu
Artemisia wvulgaris

Rumex obtusifolius:
Urtica diocia
Vicia sativa
Lolium perenne
Holcus lanatus

Quadrats

over 40 %
20-39 %
B9 %

_sparse, very

low cover

1l e

water table
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L2, 3,4,5.67 8910 11121314 1516171819, 202123 25
(70 cm each) :

Fig. T Ladder Transect showing four distinct

~plant communities together with other

‘important vegetations along the river

bank
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III. Van dsr Maarel's Group Analxsis (1968)
In order to locate the exact position and the nature

of the boundaries within the four different zones, this sensitive

method was employed (Appendix III)

[N
HIE I B

The hetercgenity between contiguous quadrats was obtained

siné the differential occurrence of the species. This gave the
,differential profile shown in Fig. 7, with three acute peaks:
between quadrats 4 &5, 10 & 11, and 17 & 18, This implied~that
there were spatially abrupt changes while the remainder of the
graph profile showed a rather variable and disturbed form
.indicating gradual change. These boundaries were correlated
with the edaphic factors in each zone (Table 1, Pig. 3 & 5).
'Zone 1 had the highest natural moisture content, gone 2 had a
Lrelatively high organic matter and nitrogen oentent ~zone 3 was
a trodden area, showing d high compaction of soil,_zone 4 had

the highestdcontents of“moisture after air-drying, field capacity,
organic metter and'nitrogen. ‘These charactéristics could be

closely related to the existence of the floral groups.

Iv. Discussion

Narrowly restricted species are unable to grow under
condition other than those to which they are restricted.
Theoretically it can be the best indicator of conditions in

natural environment.
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:"Phrggmities qommunie had the highest percentege cover
in community.A as well as in the whole zone. It doﬁinﬁted N
completely the area near ﬁater level but(onlj showed slight
4occurrenpe in other places within_tﬁis gone, However, Salix
purpurea and Impatiens glandulifera were evenly'distributed.
They were both oharacteristio'of Salici-populetum. Iﬂ geheral,
the spe¢ies in this community were widespread in wet conditions,
expéciallylnear river and stream. The highest percentage of the
netural moisture in this zone established an ideal condition for

such a demand.

Besides community A, Angelica sylvestris, Rubus

fructicosus, Arrhenatherum elatius, Rumex obtusifolius are the
most important taxa. The former three increased percentage
cover with distance from the water level, while the situation

was different in Rumex obtusifolius.

Tanacetum vulgare and Equisetum arvense were the most

dominant and widely occurred species in community B in this
zone. They were characteristic of Artemisietea. While the

. : W
others, Festuca rubra, Dactylis lomerata, Ranumculus regens4mg§

widespread on meadows, waste places, hedge banks and dunes.
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Besides this.characteristic community, zone 2 also had the same
dominant-spgcieS‘as thglprevious 6ne.

.. ‘Urtica diocia and a kind of moss Brachythecium
rutabulum, which are both indicator of nitrogen, appeared in

this zone. ‘It seemed to be correlated with the relative high

The community C in this zone consisted of Phleum
rafense,”Trifolium repens and T. arvense. As the former two
are characteristic of Cynosurion, they showed a good association
and are evenly distributed in thg area. |
'?he.vegetafion in this zong‘was_rather pecﬁliar when
compared with the others. - The dominant species in the other

zones were found to. be absent or had only scattered occurrence

here.,

The newly established species, Vicia sativa, Lolium

perenne and species in community C usually occurred in grassy
places aftgr gultivation, gnd the vaef amount of Vicis sativa
in‘this'zone probably indicated a relict of cultivation.
Tpifolium repens and Lolium perenne were the most abundant
species found on the more hgavily trodden part of the road vgrge

or pathway (Davies 1938). Thus the footpaths of this zone gave
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them an ideal location., An intensive trampling effect was
demonstrated by the high dompactioh of s0il in thé soil profile
(Fig. 2¢). ' |
,Zohe3§”< ;
o v Community C contained the.chaiacteriétic'spébies in
ﬁratensis;

. The other dominant species beceme restablished in zone
4 after their disappearance in zone 3. Poa trivialis together

with these déminant taxs had the highest percentage cover when

compered with the other zones (except Vicis sativa and Holcus
lanatus). -

. The higher value of Urtica diocis together with Galium
aparine (usually occur in base-rich soil) in community D suggested
a high bese content in the soil, with high organic métter and
nitrogen contents in this zone. Nevertheless the pH value was

found to be comparatively low.



1g

Study of Soil Fungi ,i

R i i
L ‘< b - o .

L ‘:For'the isolation of fungi, a modificafion of Warcup's
édil;élaég‘mepyod (195;) end a modification qf»Qhéétgp!s
yigmgrqibp me thod (1940),(Appendix V) were eméléye@. The |
Idigtribgﬁiou_&f‘fungibwés-studied by using Kﬁlc#ynski*s~square

(coefficient of similarities) (1939) (Appendix V).

IIr_Eesulfs_ . . '
| , FSlow-grpwing colonies on petri-dish were found to be
_§ver?rdwn by bateria.when 2% mélt agar waé ﬁsed; lThe situation
Qas{ﬁudh‘better ;n Rose Bengal mgdium, beoauée Rose Bengal
e}iminated all the éctinomyces'and most of‘the_iacteria and
re@uced_the spreading of.fungal colonies to a minimum (Smith &
Dewson 19&4).

Tab;e 4.§hows the distribution of the fungal species
in the four zones of soil. There was a gradusl faliing off in
the number of species from zone 1 to 4, and also fewer number of
species in depth 30 cm, than in 80 cm. below the soil surface.

Three groups of species appeared in the soil plate
@étﬁo@ (Fig.,éggnd Table 5). Group 1: Penicillium brevi-

compactum, P, raistrickii, Trichoderma lignorium and T, koningi
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Transect I

Transect II

80 cm below
30 cm below
80 cm below

30 cm below

soil
soil
soil

soil

Zone
surface
surface
surface

surface



I, Soil Plate Method

Alternaria tenuis
Circinella sydowi
Cephalosporium coremioddes
Cladosporium herbarum

Hel-minthosporium microsorum

Humicola grisea

fonilia sitophila
Mortierella sp.

Mucor jansseni

Mycogone nigra var, minor
Penicillum brevi-compactum
P, frequentans

P, raistrickii

P, spinulosum

. P. sp.

Rhizopus cohnii
Spondylocladium fumosum
Sporotrichum chlorinum

S. laxum _
Trichoderma lignorum

T. koningi

Trichothecium roseum
Verticillium terrestre

V. glaucum

Zygorhynchus heterogamous
Streptomyces .
Yeast

1I. Immers;on Method

Aspergillus clavatus
Cylindrophora hoffmannl
Monilia humicola S
Rhizopus cohnii . -
Trichoderma koningi

. Verticillium candelab rum
Sterile white mycelium '

.
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Trichoderma lignorum

T, koningi

Penicillum brevi-compactum
P, raistrickii

P, spinulosum

P, frequentans

P, sp. _
Trichothecium troseum
Circinella sydowi

Cephalosporium corémioides

Cladosporium herbarum

Helminthosporium microsorum

Humicola grisea
Sporotrichumcthlorinum
Monilia sitophila
Alternarias tenuis
Mortierella sp.

Mucor jansseni

Mycogone nigra var, minor
Rhizopus cohnii
Spondylocladium fumosum
Sporotrichum laxum
Verticillium terrestre

V. glaucum

Zygorhynchus heterogamous
Streptomyces

Yeast

IHM

+
<+

+
+
+

+ |+ +

+

+ + + +
+ + 4
+ 4+ + +
+
+
\
+
+
+
+
+
+
+

Table 5t Phytosdbiology table showing the distribution of soil

fungi,

II

III
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were widely distributed  The occurrence of soecies in group 2
'(Table 5) were more or less restricted to zone 1 which had a
relatively high natural moisture content whereas species in
group 3 (Table 5) were. restricted to 80 cm. below soil surface.
.-As to the immersion method, the oceurrence of species
ﬁid-notrshow;any restrrction between depths as WoIl as zoneg(Fig.
9) Z;.»Rhizopus,oohnii, Verticillium candelabrum, Monilis humicola -
‘aod.sterile white mycelium were the most abundant species
;solgted by this method. |
- The percentage of occurrence of several abundant species
In‘tho two methods of isolation were represented as histograms in

Pig. 10.

III Discussion

1. Comgarison between Methods of fungal Isolation
The overall composition of the fungal flora, a&s

demohqtrated by the soil plato and immersion method is represented
-rospeotively_in Table 6 and 7. It becanme apparent'that the two
methods gave different pictures of the fungal flora. Only two
.speoies~were common to both isolatioo...lt also showed that a
higher total number of species were recorded from the first than

the eecond ‘method (4:1 in proportion)

As e nonseleotlve method for general isolation of soil
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Fungal spp P,b. P,r, T.1. T.k. R. V. S,

 :'Fig. 10: Total % occurrence of seven abundant fungal species,

P,b,=Penicillum brevi-compactum P.r.= P, raistrickii
T.1,=Trichoderma lignorum - T.k.="T, koningi

.- Vi =Verticillium terrestre . S, = Sterile white
R, = Rhizopus (ohaii mycelium



Transect I - II
Zone ' 1, 2 4, 3 4 1,2 |
‘Depth AB A B A B A B| A B A B A B A B
No, of spp Soil plate 10 9.8 7 8 T 4 4110 9 9 5.7 3 6 4
: Immersion 5 5 3 2 2 5 5 4| 313 5 3 4 4 3 5
" Total 151411 91012 9 81131214 811 T 9 9

Table 6: Number of fungal species isolated in each transect -

Transect I+II

Zoné™ ‘ 1. 2 ., 1 . 2

Depth A B'A B.A B A B

No, of spp Soil plate 20 18 17 12 15 10 18 8
Immersion 8 8 8 5 6 910 9
Total 28 26 25 17 21 19 18 17
% 16 15 14 10 12 11 10 10

S TR

Table 7: Total Number of species isﬁlated in two transects

A=80 cm below soil surface

B=30 cm below soil surface

R
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fungi, 'soil plateimetho@ probably represents the best compromise.
I#‘is posgible by this method to culture fungus mycelium embedded
inAofganié,material»and cemented to mineral particles and it
'also.seemSvto reduce. the competiti%e'advantage given to fast-
groﬁing sugar fungi by Chester's méfhod.- Bvidence as to the
practical success of this‘mefhod.ié supported by the greater
ranée-of épecies being,iéolated. :.

| Chester's own conclusions (1940, 1945) concerning the
scope of his method are summarized as "the limits of the
immefsion tube method is that it easily isolates active spreading
myce}ium, or active localized mycelium which happens to come
iinto.contact with the capillaries". (In this study, several
holéé were ﬁsed instead qf the capillaries and provided a more
direct contact between fungal mycelium and agar medium). Chester
has thus emphasized current myceliel activity as the characteristic
reflected by isolations of soil fungi in his immersion method.

In general, the first method favoured the isolation of
héavily‘sporing fungi, particularly Penicillium spp. It is
suggested that a physica; 'rhigosphere' effect might have been
produced by the immersion in soil of solid objects, which stimulated
the growth of certain fungi,and competition between species was

a*majoi factor in determining the results obtained by all methods.

(Bwell 1959).
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-2, Faqtoré related to Fungal Distribution

" The fungal mycelium presents a large surface aréa to
the inflﬁence of external factors. The survival of such mycelia
is dependend ﬁpon high humidity in the atmosphere or water
content of the substrate, flavourablé temperatufe and a continuous
supply'of suitable organic matter at a favourable pH.

Among the edaphic factors which were tested in this
study, pH énd moisture were probably the major faéto:s;determing
the range éf species. The percentage of occurrence of species
was positively correlated with the moisture and pH of the soil

(Figs. 11, 12, 13).

When the water content of & soil either falls below
the wilting percentage or becomes sufficiently great to impede
soil aeration there is a great redﬁction in the active growth of
fungel hypgae. Warcup (1957) in the study of soil fungi in a
wheat field, obtained the data which showed that there was a
marked seasonal distribuéion of fungal flora related to soil
moisture, with the highest number of viable units in the soil
during the wet winter period.

Soil pH'éffects the availability of nutrients in the
goil. It is possible that it also influences the physiological
functioning of the fungal thallus, possibly through its effects

on the reactions occurring on the cell surface rather than through
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8 direct,influence on the internal processes of tne.oell. Warcup
(1951) recorded that more species of fungi grew in neutral than
in acid or alkaline grassland soile.

A the begimung of this study, it was‘-'expe‘cted that
ox&gen concentration would limit the occurrence of fungus species.
However, it was soon found that there was no great correlation
between ‘these two.l This 'was - due tc the relative low carbon
dioxide concentration (1.62-3, l%) which was not harm£u1 to fungal
growth. In the study of the effect of carbon dioxide on the

growth of certain fungi Burges & Fenton (1953) found a high
concentration of carbon diox1de developed in the soil after rain
(3 5-9. 2%), and the tolerance of high carbon dioxide rather
than of low orygen oontent may determine the ocourrence of fungi.
| The organic matter content seemed to play a minor role

in the appearance of fungﬁs speoies in this study.
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General Conclusion

:tThé ecological explanatibq of plant distribution is
bésed primarily upon environmental factqrs.  Frpm the stand
pgint,Of.highly.reStricted distributional pattérns.in plants it
is;evidentﬂthat of all the envirohmental infiuepces, the edaphic
factors are the,greatest, as they.frequently Qqcur‘in,shérply
défined patterns and often vary within a very small area. It is
because of the great local variation that exists in the physieal

uand;chemical nature of the substratum and soils, the edaphic

fgétbrs represent the possibility of enermous:diversity of
habitats in any given a:éa. Thus the breaks or transitional
zones between cdpmugities.usually follow observable changes in
the soil, indicating that local edaphic factor and plant
communi ties are.cloéély associated.

The discbntinuities of higher plant communities were
found tovﬁe correlated with topography, moistufe, nitrogen and
ofganic matter contents. As to the occurrence of fungi, moisturs
aﬁd pH éeémed to pléy a majbr role, and soil atmosphere and organic
matter content were relatively 1ess important

Tansley (1949) stated that the higher plant community
:mﬁy be defined as a collection of plants growing together and

having a ;éértain unity', a common habitat --- the soil. The
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determination’of'cbmparéblé micro-fungal communityfgfowing and
flourishing_inda comh6n habitat;"howevef, preséntsicdnsiderable

techniocal problems.
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Summary

| " Four obvious zones of vegetation were-evident on the
benk”o£ River Wear et Shincliffe, County Durham. The edaphic
'fectofslwere consideréd of'primary importance'ih the determination
of the distrlbntion of these different vegetational groups as
well as the spil fungi. To determine whether differences in
sail characteristics occurred cOncomitantly with differences of
végetetienel types, intensive soii studies werevmede in each
tz"c;ne'; 'Tﬁe seii Samples were subjected to extensise chemical
’éﬁa‘ﬁﬁyéﬁéél enalyses..

| Higher plant analysis was carried out by the methods
of Braun-Blanquet scale and Belt transect. The same picture was
'ottainedz four distinct communities were,found; restricted one
in each'zone; Bj using the group analysis of Van der Maarel,
‘the actual boundaries between communities were found to correlate
with topography, moisture, nitrogen and total orgesic hatter
contents of the soil,
TR ' Two methods were employed in the isolation of fungi, a
modificationsof Warcup s soil plate and a modification of Chester's
im@ersioh ﬁethdd.' Two distinct fungel'éfoups were obtained, the
first being dominated by higher sporing capacity species, and

the second hlgher mycelial growth species. ‘The ocourrence - -of
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themlyere;cprre}ated-po’the soil moisture end pH. = Soil atmosphere
and orgéhic:méétei'cohfant'seémed to pley e relatively less
1mpo:ta§£'folé:r |

" No correlation seemed to be apparent between the

distribution of macro- and micro-flora in this study.
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Appendix I L
Analysis of the Soil Factor

IawMetﬁbd | ' _
| | Twelve saﬁpleé,'from'thr§e de§fhs (aurfacé, 30 and 80
om{) inieach of thé fouf zones, were collected. Each sample
Aconsisted of five sub-samples from that»zéne in order»to redﬁce
fhe'éfrér caused b&.chénpe. All samﬁies for laboratory aﬁalysis
»(éxcepﬁ>natura1 moisture) were air dried, crushed gently and

passed through a 2 mm. mesh sieve.

A, PHYSICAL CHARACTER

1., Soilerofile‘
Soil profile, one from each zone was exposed by .
excavating a trench sufficiently deep to include the C horizon.
The diagram and description was shown in p.

. 2. Mechanical Analysis ~-- Bouyoucos Method
Fifty grams of sieved soil were weighed into a 500 ml.

flask, -400 ml. of distilled water and 10 ml. of /N NaOH added,
and the whole shaken overnight. The slurry was then transferred
to a litre measuring cylinder making sure that all the mineral
matter was washed out of the flask. A hydrometer was inserted
and the volume made up to one litre with distilled water. The

hydrometer was withdrawn and the suspension shaken throughly by
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ﬁand for one minute; The hydrometer was inserted again., The
f:irsidreéding'waS‘taken after 40 sécén&s and the sec@ﬁd reading
1;ftef“4 miﬂutes and 48'sé¢6hds. The temperature of the suspension
‘was also taken., After allowing the suspension to stand for two

}hbﬂfs;'ﬁhe hydrometer and temperature readings were taken again.

: Caléuiatibns}-i'_.
1. C;fieétisﬁ'fér temperature readings. .
o Fbr'éécﬁtdégféé’aﬁdve 1§g5°0,'0.4'of a difision
of the hydrometer Scéle‘wgs‘added,'énd for each dégieé
below 19.5°C, 0.4 of a divisiéﬁ of the hydrbméter;scale

was subtracted.

st correcfed readi
% sand =.100 - ( 50 - 1/2 moisture 100)
This gave réading fbr percentage of sand after 40 seconds
(U;S;D.A. iimifs) and by substituting the second corrected

reading into thé formula the percentage of sand after 4

minutes and 48 seconds (International limits) was obtained.

) rd corrected readin
% clay = <55="77> moisture = * 100

The percentagé"df silt fof both limits was found by

calculation;

)

% silt = 100 - (% sand + % clay)



2, 90rreéfi§n-for.oiganicleon%enﬁ,tv'”
| This method was not used when the loss on ignition
iexceede 25% Where loss on ignition was 1ees than 4% no

| correction was applied Where loss on 1gnition was 4-15%
half of the value of the loss on ignition was deducted from *i. -
the percentage of eand. Where 1oss on 1gnition was 15-25%
three-quarters of the value of the loseionlign;t;op was

. deducted from the percentaée of sand, Where total sand

.exceeds 70% no correotion needed be made unless this would

reeulﬁ.ip bringing the sand content appreciably below 70%.

5. Natural Moieture
g - Ten gram: of eoil whioh had not been previouely dried
in air was weighed and dried in an oven at 10000 overnight

cogled in a deseicator and reweighed.

- Caleculation:- A_
e lst weight - 2nd weight
% natural moisture = lst weight x 100

- 4, Moisture after air-drying

‘Pen grams of air dried soil were placed into a weighed
gilioca crucible, maintained in an oven at 1059C for 4 hours,

cooled in e dessicator and reweighed. This gave the percentage
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moiétu;e‘;n_thg.soil QalqulatgdHas:d_percentage of the air-dried

soil.

ggloulationse‘

4 metetirs _ _Lgt'.We;ghtla‘gg_Q we;’ggg xﬁloo
5. Water Table (Rutter 1954) -

Four different lengths of plastic sffieve tubes were
inserted into holes excavated with ah'anger.to the appropriate
depths (100, 150; 200 and 250 cm. approx. ) in each zone. The
waterilevel was measured at 4-day intervals over a month's
period by using a float with a graduated rod fixed to one end
and.é'léad‘weighf'to'tha opposite end ( Fiq. 14) (Table §8)

6.'Drainage‘3ate aﬁszield Capaéiti ' '

S 'Fifty’gramé of‘soil'wéré'weighed and piaced‘in an
extraction tube., A cotton wool ball was used as a plug to
preveﬁt the ééil from washing through. 100 ml. of water was

poured onto the soil and the water draining through was ceollected

in a measuring cylinder. The amount of water draining through at

2-minute intervals was recorded. The results were plotted on

graphs as shown in fig.

Calculation;—

field capacity = 100 c.c. - vol. of water drained through
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[~ = e e e e = -

graduated string

sieves tube

—---spil surface

. 0. 5._——. —————— float
— e~ -<=~—--water level
v o Hemmm e e hole
Y e )
e« %o,

lead weight

Fig. 14: Appardus for measuring water table. -

Zone:
Four
daym=
intery

vals

-~ O ' oS> W NN -

Average

.70
75

50

70.7
76.5
77.1

68.5

60.5

142.4
142
100.5
108
110,2
129.5
135

120.9

3 %A

161
162
125.5
113.2
134.6

156,27

1%55.5
14}

4
140 cm
139 L%m
118.1 cm
121 cm
128.5 ¢cm
142 cm
139.4 o

132,33 cm

e Table Bz'Results of water table measurment.

o
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7. Carbon Dioxide and Ocygen Contents
a. Gas Sampling

. "Two transects were selected, running from the. height
of the. adjacent field down towards water level in the river
valley. - Samples were taken at depths of 30 cm. and 80 cm.
(surface gas was not sampled) from four points, one in each zone,
aloﬂg;each:of‘theSg transect lines at the time of sampling for
fungi, A gas'sampling-tube was used for each sampling site.
The sampling tube was made in the following way ( 7-",',‘7; 1%): -
capillary tube of convenient length was put into_a wider but
-shorter metal tube and passed through the rubber bung at its end.
The,gpace between the two tubes was filled with paraffin wax
;poured -in while molten.,, A copper cap with 4 small holes (about
‘1 mm, diameter) at its sides was placed at the stoppered end of
the. metal tube for protection. A rubber teat was blaced on the
free end of the capillary tube to close it. The apparatus was
‘buried Vertically‘inlthe sampling site at the required depth,
copper cap down and rubber teat exposed. Fouf days later gas
"samples were withdrawn into a 1 ml. syringe by piercing the
‘rubber teat., The first sample was discarded and the composition
of the second sample analysed for carbon dioxide and oxygen
contents.  The sampling and analysis were repeatéd at 4-day

intervals for 9 times. ( Table, 9 )



rubber teat

capillary
- tube
BN
———7-\\\\ soil surface

— metal tube

paraffin wax

, 1 mm
syrinage

- CTITIRTRREINGS

7777 7 7 77 7 7T 7777
777777777 77777

Tubber teat

—“rubber bung
copper cap

capillary
tube

v 7

<

< hole

Fig. 1§: Gas sampling tube



A=30 cm below soil surface o
B=80 cm below soil surface '
lst=First sambling )

2nd=Second samplihg

I, II, III, IV=Zone 1, 2, 3, 4

‘ave=Average value

Table 9: Results of gas sampling

14

N I - IT
003 0, | co, 0, |
. A B A B A B A B Transect:
1st 2.8 3.4 18,32 16.8 | 1.5 2.7 19.2 18,3 .
2nd 2,4 2.9 18,4  17.62| 2,14 2.8 18,4 18.0
lst 3,0 3.2 18,4 17.0 | 1.9 2,07 19.5 18.1
2nd 2.9 2.9+ 18.9  17.43| 1.6 2.48 18,2 18.7 2
| ave 2.78 3.1 18.52 17.25| 176 2.58 18.82 18.25 %
III v
co co 0
A B A % 3 | a 23 a4 2 g
st 1.84 2,7 19.7 18,2 | 1.61 2.6 19.88 18.7
2nd 1,7 2.4 18,8 18.8 | 2,0 2.9 20.45 19.2 1
1st 1.7 2.6 19.5 19,0 | 1.41 2.9 19.55 17.7 )
2nd 1,64 2.38 18,9  18.4 | 1.46 2.4 19.40 20.0
ave 1.72 2,52 19.2  18.6 | 1.62 2.7 19.82 18.9 g




b; Gas Analysis
The gas analysis tube consisted of a 1 ml, pipette

with & rubber teat at one end and a rubber tube at the other. (Fi ﬁ'5'“)
Vi:?éékﬁhplelgpparatus wag‘fi;led_with Brgdie_s solution

and ;mmg;sgd¢in‘a water bath maintained at constant condition of

temperature.

- The gas sample from the syringe was introduced through
the rubber teat and the volume (a) noted ( Fj.IQ.b). Half ml, of
1o%lnapn was_injected'into the gas analysis tube through the
rubber teat to react with the carbon dioxide. The analysis tube
was shaken lightly until a constant volume of gas was obtained
and the reading (b) then taken ( Fiq. 1§¢ ) Half ml. of 10%
so@iu@ pyrogallate was then similarly introduced to absorb the
oxygén...The analysis tpbe was again lightly shaken and a reading

(c) was taken after a constant volume was obtained C Fig. 15 d)

Calculation:=

b % 100

_%cozda-

% 02 ah’f—o‘ x 100



////, Brodie's solution ‘ .
- =)

rubber
rubber tube 1 ml teat
pipette .
a,
////gas sample
3 ( ~ ) — <
R introduce
- N i , ‘ gas sample
b,
— £ )
introduce -
sodium hydroxide : i
. b
Ce

o = =
L~
]
h -

introduce e ' .

sodium pyrogallate .

- do p

Fig., 163 Gas sampling tube, showing the analysising procedure



- B. CHEMICAL ANALYSIS *.
’-:1.'Orgéhid‘Mgtte:AContent

Oven-dried soil was weighed and placed in a muffle-
furnace (at about 8000C) for 2 hours, cooled in a dessicator and
reweighed. The percentage loss on ignition was calculated as a
percentage of the oven-dried snil.,” As loss on ignition consists
of.orgﬁnié.matter and combined water, it is usual in practice to
aeduét a certéih'aliqubt of the loss on ignition as combined
wéter;,theAaliquot depending upon the mechanical composition of
thérsoila for,olayey soils, one helf; for loamy soils, one third;

and-for'éandy'loam or loamy sand, one quarter.

' Calculations:~
| ovem-dried wt, - ignited wt.
% loss on ignition = ignited Wt x 100

organi¢ content = % loss on ignition - corrective factor
for combined water

2. Carbon Content :-7.Wéik1ey & Black

| | One gram.of gsoil was placed in'a 500 ml. conical flask,
énd‘té'fhis 10 ml. of potassium dichromate and 20 ml. conc. Hp804
were added, After 30 minutes, 200 ml. distilled water and 10 ml.
phosphoric ééid“%ere added, followed by 20 drops of 0.5 N

Diphehylamine. This resulted in a black liquid, which was
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titrated with 0.5N FeSOj until the end point (green colour) was
obtained{ A Slahk titration ﬁdé carried out as above without

‘the soil,

'ééiéﬁiéfioﬁ:; |

carbon content = @iﬂﬁ,—'—;?——m%’gﬁ*—"_"ﬂ % 100

"3, Availsble Phosphate

' | | Ten gramspof soil together with 100 ml. O.5N acetic
acid were piaced in a 500 ml. flask and shaken overnight, The
cbntents“were fiifered into a 100 ml., measuring cylinder, and
made up to 100 ml. with distilled water., A sample of 10 ml, of
this was taken and added to 50 ml. of water in a 100 ml. oylinder,
to this 10 ml. 5% ammonium molybdate and 10 ml. 1% SnCl, were
added and the volume was made up to 100 ml, with distilled water.
The eylinder was placed in'a dark cupboard for 20 minutes to allow
a blue céloui to develop.

Three phosphorus standard solutions were made up by
ﬁsing 0.01;‘0;02 andwo.Oi ppq3K32P04 fespedtifeiy{ The optical
density readings measured by a spectrometer were plotted in a
graph-(Eigf_;;); The opt10a1 density readings of the test
samples were referred directly to this calibration curve to

obtain the pquof phosphorous in solution.
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Calculation:-

‘% gvaiiable phbsphaté ='¥og§’.x lgg $i~ 11%Q§h i%%*%%
4. Nitrogen =--- Kdeidahal procedure

Ten grams of soil were weighed into a Kjeldahal flask, |
20 ml, water, 10 Kjeldahal tablets and 30 ml ccncentrated HyS04
1were added. The flask was placed on é Kjeldahal rack and
digested at low heat until the liquid changed to a green or
- gtraw colour. It was then washed out into a 250 ml volumetric
flask and topped up to the mark with distilled water.

A Markhem 'still' was set up. Into the still 10 ml.

'40% Na@H and 10 ml. of the solution out of the volumetric flaek
Hwere placed. This was heated and allowed to bubble into a
ﬁeaker confaining 10 ml. 47, boric acid and mixed' indicator. The
"indicatof'turned blue and was left until approxiéé%éd 30 ml. hgd
accuﬁulated.‘.This was titrated with O{OQVN Hél-until the colour

.returned to réd.

Calculation:-

0.28 250 _ 100

% No = X ml. HCl x 7555 x 5335 X 1 =
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5‘;2g“w:r‘-. »
~ Ten grams of soil were mixed with 25 ml, of distilled,
water. The éusbénsiqn Was:stifred b& é glaés rsd‘and left to
stand.for 2 héurs. The suspension was stirred again and the pH

of it measured by a pH meter.
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Appendix II
.. Braun-Blanguet. Scale (1932)

HE

A; Cover-abundance scale

“lst

+

C emema

B. Sociability

1

oS W

-~ -

- -

1 plant

gparse, very low cover

common, small scale

either 5 - 25% cover or cover low, but high
numbers |

25 = 50%, any number of individuals

50 -75%, any number of individuals

75 - 100%, any number of individuals

occur just outside record area

single stem or shoot

small tufts or loose tufts

. smaller patches or cushions

extensive patches or carpets
plants in great crowds giving complete

dominance
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Appendix IIT
Van der Marrel's Group Analysis (1968)

A simplification of the summary of "Small-scale
végétational boundéries, on their analysié and topography" is
given below: .

o Small-scele vegetat10na1 boundaries may be considered
of special 1mportance in a general approach to ecological
2bo£ndaries, since they determine the basic structures in
vegetation on which the entire structure of: vegetation is built

According to the Information Theory the difference between
two quadrats may be measured as the heterogenity in the set of
two quadrats. Each species occurrihg in only one of the two

quadrats contributes one bit of selective information or,

preferably, half bit/quadrat. When quantitative data are a

available the heterogenity contribution of a species may be
approximated by dividing the difference of performance in the

two gﬁadrats by the maximum difference. This lead to:-
=5x Z (p(e1,a) - P(&1,1)] / Puax

where H = ﬁ&erogenity between two adjacent quadrats
G = no. of species |
p(gi,a) = performance of the ith species in

quadfrat a
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p(gi,b) = performance of the ith species in quadrat b

- Pmax = maximum difference of performance

The'ﬁaluevp can be measured as frequency, coverage, abundance or
with'a ‘combined scale, e.g. the Braun-Blanquet scale.

For qualitative data this formular reduces to:-

ﬁ GE-GQ"'G})-GQ
= 2 y

where Gg, Gp = numbers of species in quadrats a and b
respectively

Ge = number of common species.



Appendix IV
Analysis of Soil Fungi

i. Ieoiétion of Fﬁngi

A, Modification of Soil Plate Method (Warcup 1951)

11A 55&1 ﬁrofile was exposed ty digging a pit about 30

cm. square, 100 cm. deep. Two soil Sample3~were collected, one
Afrom 30 cm. and the other 80 em. below surface.' This was repeated
at four points, one in eaoh zone, along each of the two transect
lines runnlng from the height of the adjacent field down towards
water level in. the river valley.

o =
! - . -

Lo Small samples (0.005 - 0. 015 gm. ) oi soil were taken g
from the main samples by means of a sterile nichrome needle with
8 flattened tip, which was then used to disperse the soil
-aggregate in a drop of sterile water on the surface. of the agar
;medium.- The partloles were distributed evenly throughout the
,surfaoe by shakzng and rotating the dish.

., Two media, rose bengal malt agar and 2% malt agar were
used for each sample for isolating purpose. Two duplicates for
each medium, each sample wdre set up. The soil plates were then
inoubated at room temperature (about 200C) and examined at intervals

during two months for isolating and recording of fupgi.: The

examination was carried out under the microscope.
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‘B, Modification of Immersion Method. (Chester 1940) =

50 ml. plastic beakers were used instead of glass tubes.

. !

Seversl l mm. holes were bored through the sides of the beakers
They were wrapped tightly in aluminium foil and sterilized by
putting 1nto b01ling water before the agar medium was introduced.
0.2% malt agar was used at the beginning but it was soon
discovered that the conoentration of nutrient was too low for
soil fungi 2% mslt agar was used instead The unwrapped
beakers of medium were buried underground at 30 cm. and 80 cm.
levels in each zone along the two establlshed transect lines.
‘The beakers were removed after 2 weeks. The agar medium wasg cut
and transfered individually to petri dish for culturlng and
isolation

‘ For eaoh method the fungus species were recorded
against the depth and region of the profile in which they occured

in each zone. A fungus was given a positive record if it occured

on one or more of the duplicate plates.

P

. 2. Method of Slide Nounting

4 Fcr accurate identification, the fungi were examined on
slides using a sticky mixture and Amann's medium. A drop of
sticky mixture was spread out on a slide and left until it was
dry. The slide was pressed gently oh the culture with the

sticky surface downwards. The fungi appeared nicely under the
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microgqppe after staining in Cotton Blue in Amann's medium. This
method was developed speéially for fungi having powdery spores.

5; Media:emploxed

| a. Rose Bengal malt ager medium

Rose Bengal . _4 v 0-2 gm;
agar' | ‘ | - 20 gmn.
mélt extréct | _ .'. .10 gm.
”distilled‘Water to ‘ s ',1000:m1.

b, 0.2% malt agar medium

malt extract ST 2 g
agar 20 gm.
~distilled water to L 1000 ml.

‘c. 2% malt agar medium

melt extract 20 gmn.,
agar 20 gm.
distilled water to - 1000 ml.

d. sticky mixture
Approximately 1 yard of sellotaﬁe was placed in a

beaker of 50 ml. of'xylol. Theiun-dissolvéd part of the sello-

tape was removed after 20 minutes.
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Amann's medium_(Lactophenol) (1896)

Phenol (pure crystal) S '20 gm.
laqtic_acid ' Ce A | 20 gm.
glycerine ‘ ' o 40 gm.
distilled water . . 20 gn.

Cotton Blue : trace amount
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Appendix V
,Kulcz ski ‘g Square (1939) .-

The method employed was the simple self structuring,

agglomerative technique (Lambert and Dale 1964) of Kulezynski

(1939). .. -

This is based on an index of‘%ﬁﬁi&a@ity'ueing the
formula:
s=9j%‘5/3x100 .
vhere 5 = similarity

a = number of species in sample &
b = number of species in sample 2

¢ = number of species common to both samples

A matrix of their coefficient are calculated and then

‘rearranged to give the best pattern of similarity. The resulting

figure is called & Kulczynski's square,or triangyle when a helf

matrix is used..
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