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INTRODUCTTION

Speciles of the sand weevil Cecyropa, occur on the foreshore
all around the New Zealand coast, and extend for several miles
inland in pastures of consolidated sand country. The adults
vary widely in sigze and in the patbtern of the mottled grey and
brown cryptic colouration of the elybtra and pronoctum. Larvae
of Cecyropa are external feeders on plant roots at depths of up
to eighteen inches.  in the Manawatu there are two specieg of
Cecyropa: a larger specieg (C. maritima) confined to the un-
stabliged sand dune area, and a smaller species (Q. setigera)

-
5.

occurring in both the unstabiligzed dunes and in pastures of
the congolidated sand country.

The gtimulus for the present study was provided by reports

e

ot

indicating that adults of Cecyropa (presumably C. setisera) had
caused damage, sometimes severe, to the seedling sbages of
crops grown in the Manawatu sand country (Graham and Hopkins

1965, lay 1966). Consequently a study was initiated into The

3]

life history and ecology of Cecyrona getigera in pastures of

this area. The study initially took tThe form of a éamglimg
programme designed Lo recover larvae from the field and was
supported by breeding studies in the laboratory. However,
due to difficulties associated with the recovery of larvae

and adults in sufficient numbers, and bthe distance of the

W

study area from the University, the emphasis of the study was
swung to an investigation of two previously undescribed nat-

ural enemies of C. getigera. These were Two entomogenous




2.
fungi, host specific on the immature stages of the sand weevil

C. setigera in pastures of the Manawatu sand country.

Thus the areas of study can be defined as follows:
PART 1., The Host.
Aspects of the bilonomics of C. getigera and a congiderat-

lon of factors affecting spatisl distribution.

PART 2, The 'wo Ifntomosenous Fungi.

(a) the morphdogy and taxonomy of two entomogenous

fungi (Hymenostilbe so.) pathogenic to the lmmature stages of

C. setigera.

(b) the two fungi in artificial culture.

(¢) +the infectivity and etiology of the two fungi.
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F. SPATIAL DISTRIBUTION OF THE LARVAL POPULATION

Both vertical and horizontal distributions of larvae were
investigated during the course of the sampling series in pas-—
ture near Himatangi.

‘1. Description of the Habitat.

The map reference of the field sampling site is given in
Appendix 1 together with the materials and methods employed in
sampling and extraction of larvae. The sampling site was situ-
ated on a pasture-covered sand plain which was characterized by
small undulations. The difference between the highest and low-
est elevation of these undulations was about four feet. In the
winter of 1967 the water table rose to flood the low portions of
the paddock for several days, but the sandy soils of the hummocks
remained comparatively dry. 1/

The pasture cover varied with the elevation and the season.
In the low elevations, subject to winter saturation, Yorkshire
fog and cocksfoot predominated but at intermediate elevations this
gave way to crested dogstail, ryegrass, subclover, some danthonia,

and the flatweeds, catsear (Hypochoeris radicata) hawksbeard

(Crepis capillaris) and hawkbit (Leontodon taraxicoides).

i/ Where subsequent mentions are made of low elevations they
refer to the lowest portions of the paddock that become
very wet in winter; medium elevations are those approxi-
mately two feet above the low elevations, while high
elevations refer to the dry upper levels of hummocks
approximately two feet above those of the intermediate
levels.
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At the highest and driest elevations, the plant cover was
predominately a mixture of moss, DaﬁthOﬂia, crested dogstail,
some ryegrass and a large number of flatweeds.‘ Over the
summer period the sandy soil dried out severely, particularly
at the intermediate and upper levels where the flatweeds
which possessed a very deep rooting system, were the only
common green plants,

The soils of the sampling site are classifed as Hokio
strongly mottled sand (Cowie and Smith 1958) and are part of
the Hokio - Waitarere association consisting of Hokio soils
on the sand plains and Waitarere sand in the dunes. (Cowie,
Fitzgerald and Owens, 1967)Cowie and Smith describe the Hokio
strongly mottled sand as a "weakly gleyed soil developed on
low rises on the sand plains of the younger dune complex.

The water table is lower than Hokio sand and during summer
there is insufficient soil moisture to maintain high quality
pasture growth.® A typical profile of this soil is (after
Cowie and Smith 1958):

0 - 2 inches - black to very dark brown sand, very fri-
able, weakly developed fine granular
structure, boundary abrupt.

2 = 5 inches - brown to light'br;wn sand, extremely friable,
loose.

5 ~ 10 inchkes - light grey, loose, single-grained sand with

abundant, distinct, medium yellowish-brown

mottles.




27

10 inckes and below - grey, compact sand with a few
distinct dark red mottles.

2. Changes in the soil environment over the year.

Both soil moisture and soil temperature were measured
over the year. Soil temperatures were taken at the surface
and at three, and ten inch depths using an ordinary labora—
tory mercury thermometer pushed severagl inches into the wall
of a hole dug in the sand. Soil temperature changes at

monthly intervals are presented in Table ¢ . Soil moisture

levels were measured at five depths: %, 3, 5, 10 and 14 inches.
Samples for soil moisture determinations were taken with glass
tubes (3 x £") that were scraped sgainst the wall of the hole
at the required depth until they were full of sand. Moisture
levels were assessed in the laboratory by measuring the weight
loss of these samples after drying for 24 hours at 110°C.

Soil moisture levels are expressed as a percentage loss of
weight resulting from the water loss on drying. Soil masture
levels over: ten samples, taken at various times of the year and
at each of the three elevations; low, medium and high, are
presented in Table & .

3. Vertical Distribution of Larvae in the Soil

The vertical distribution of larvae in the soil was assessed
from the combined results of the first ten samples. In each of
the ten samples 16 cores were removed in five layers at depths of

0O -2, 2~-4, 6 - 10, and 10 - 14 inches. These were sieved

separately and results noted for individusl depths. Table 7
presents the combined results for the distribution of different

larval instars over ten samples.




TABLE. 5  Soil temperatures of Hokio strongl

mottled sand at

four depths Over twelve MONLAS (taken in the 1irst

Week Of each month)

Depth (inches)
Months 0 3 10
(1967)
January 28°C. 22 °C. 21°C.
February 24 22 22
March 20 19 19
April 18 17 16.5
May 18 15 14
June 11 9 9
July 8 7 7
August 8 7.5 8
September 14 13 13
October 17 15 14
November 21 16 15
December 33 21 20
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TABLE ¢ Moisture content (% loss in weight on drying) of Hokio

strongly mottled sand at low, medium and high’ elevations

over ten sampling periods at five depths.

Sample 1 Sample 2 Sample 3
23/12/66 15/1/67 6/2/67
Low. Med. High Low. Med. High Low. Med. High
21.1 2.7 1.2 21.0 8.5 4.8 27.1 9.9 2.1
9.7 1.5 1.3 6.6 3.4 1.4 9.3 T.4 0.5
T.1 1.4 1.0 6.3 3.9 0.8 17.7 5.9 1.3
11.7 2.5 0.9 14.6 3.6 3.3 19.0 6.8 1.9
15.3 3.2 0.9 13.0 10.3 2.8 17.0 12,5 3.5
Sample 4 Sample 5 Sample 6
2/3/67 5/4/67 6/5/67
Low. Med. High Low. MNed. High Low. Med. High
29.2 11.9 3.2 14.3 6.4 3.3 10.6 10.2 1.9
2406 204’ 101 703 104' 102 404‘ 501 109
4163 4‘07 101 50‘7 107 038 4.0 4’07 1.8
11.6 4.6 2.4 T.T 2.1 2.6 4.2 4.2 1.8
4.4 5.8 3.7 9.6 5.0 2.9 4.9 4.1 2.5
Sample 7 Sample 8 Sample 9
17/6/67 16/8/67 24/10/67
Low. Med. High Low. Med. High Low. Med, High
19.2 6.9 8.1 25.6 18.4 Te1 26.3 T.4 1.
1.4 3.7 2.8 20.2 9.2 1.7 14.5 5.5 1.0
5.2 6.3 2.1 8.9 8.9 2.3 11.4 6.8 0.7
5.6 4.2 3.5 7.3 6.8 6.3 14.1 6.2 1.0
7.8 4.5 3.5 10.7 8.1 7.5 16.4 8.0 3.3
Sample 10
4/4/68

A 27.6 6.2 263
B 23.6 2.5 0.5
C 1402 207 006
D T.0 2.2 0.9
B 8.3 4.1 1.7

Level A -~ O to g"

Level B - 2 to 44

Level C - 4 to ot

Level D - 6 %0 10"

Level B - 10 to 14t
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TABLE 7 The distribution of larval instars at five successive

depths.

Depth Ingtars Total no.
(inches) 1 2 3 4 5 6 of larvae.
0 -2 11 9 2 2 3 0 27

2 - 4 1 3 11 10 13 2 40

4 - 6 0 2 8 13 9 21 53

6 = 10 0 0 1 2 13 7 23

10 - 14 0 0 1 0 5 6 12

Two features are evident from a study of this table.
Firstly, most larvae are found in the two to six inch zone.

Secondly, first instar larvae are found almost exclusively in
the 0 = 2 inch level and there is a general trend for larvae
to move downwards with increasing age.

From an examination of the soil moisture and temperature
characteristics of the various depths (Tables s+6 ) it can be
gseen that the four to six inch level; where most larvae occur,
is characterized, at all periods tested, by generally having
the lowest soil moisture level of any of the other depths.
from O = 10 inches. Larvae at this level would thus have
the least chance of dying from asphyxiation due to saturation
of the soil with surface moisture from heavy rain or in the
medium and high elevations from the rising water table of
winter. Also soil temperatures in this region do not display
the seasonal variability characteristic of the upper level, while
plant roots occur commonly down to the ten inch depth. Also
the goil is generally of a loose single grained structure at the

4 - 6 inch depth permitting easy larval movement.
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The restriction of first instar larvae to the upper soil
horizon further supports the laboratory observations that fe-
males actively seek out damp sand to deposit their eggs, since
over all periods of the year the soil moisture content in the
O - 2 inch zone is higher than that of all other levels down to
ten inches. This is due to the high organic matter content
of this horigzon which retains a large smount of moisture. Thus
in being laid in the upper horizon, the eggs stand the least
chance of being subject to desiccation while in addition they

are in a zone where there is a plentiful supply of roots and

rootlets as a food source. The tendency for the final instar
larvae to burrow deeper into the sgoil probably represents the

fact that there is generally some moisture (from the water table)
at this level over all periods of the year. Thus the immobile
pupae would stand the least chance of being subject to dessication
if they inhabited the lower levels.

It is thus suggested that the general preference shown for
this level is a reflection of the relatively stable soil environ-
ment in this zone connected with adequate food supplies and a soil
structure that permits easy larval movement to find new food
sources or to avoid unfavourable conditions.

4. Horizontsgl distribution of larvae in the field.

The stimulus for this study of the major factors affecting
the horizomtal distribution of larvae in the sand plain pasture
was provided firstly by the realization that the small numbers of
larvae collected in samples five, six and seven were inadequate
to reflect larval population changes and secondly by an examina-

tion of larval distribution characteristics/which revealed that
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larvae were exhibiting a clumped or contagious distribution.
the
Clumped distributions are of negative binomial type where the

intensity of clumping can be eXxpressed in terms of the disper-—
sion parameter 'K' (Southwoed, 1966). A ususgl value of K,
indicating moderate clumping is two. Valueg above eight
indicate a distribution approaching randomness while the

smgller the value of K, the greater the amount of clumping.
—
kK = —X—

= Tiw
were as follows (in order): 1.74, 0.36, 0.31, 0.71, 0.23, 0.54,

The K values of samples one to geven, as estimated by

6.67. It was obvious that there was a considerable degree of

clumping in the larval populations of C.setigers. Accordingly,
in sample eight the number of cores was increased from 16 to 80
to increase the numbers of larvae taken and as it had been noted
that the larval population appeared to be at its greatest density
in the higher elevations of the paddock, each of the 64 additional
cores was subjectively scored for elevation; either low, medium
or high, as defined earlier. The method of sampling for the 64
additional cores is explained in Appendix 1 , but briefly it con-
sisted of taking a series of transects across the paddock along
which samples were taken every 15 yards.
in sample eight,

The mean numbers of larvae per core, taken at each of the
three elevations, low, medium and high were (in order): 0, 0.36,
1.32, A single factor analysis of vaiiance on the population

density at three levels is presented below in Table g . A

log x 4+ 1 transformation was used.
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TABLE ¢ Analysis of variance on the number of larvae at

three elevations (Log X + 1 transformation)

Anglysis of Variance

Source d.f. S.5. M.S. P teet
Elevations 2 0.69 0.345 T.Q7¥%
Error 61 2.64 0.043

Total 63 3.33

There was a highly significant difference (P<0.01) between the
larval population densities at the three elevation categories.
On a comparison of the means it was found that the population
at the high elevation was significantly greater (P<0.05) than
that at either the medium or the low elevations but that the
density at the medium elevation was not significantly differ-
ent from that at the low elevation.

It is suggested that the complete absence of larvae in
samples recovered from the low elevation was directly due to
the effects of winter flooding as at the time of this sample
the soil in this level was saturated and two weeks previously
had been under several inches of water. Survival of larvae
under such conditions is unlikely. High moisture contents
also probably had a similar effect on the populations at the
intermediate levels but it must be noted that there is the
possibility that the lower ;arval density at this elevation
could be an indirect reflection of the effect of water content

on the distribution of preferred host plants.
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These observations on the preference of larvae for
regions of higher elevation were further strengthened by
samples nine and ten. In sample nine the mean larval densi-
ties/core (in order of increasing elevations) were 0, 0.77 and
2.19 while in sample ten the mean larval densities/core of the
intermediate and higher elevations were 0.37, and 0.77. (In
sample ten, cores were not taken from the low elevation beca-—
use of the previously demonstrated absence of larvae.)

Although these results cast light on the gross distribu-
tion characteristics of the larvae they did not satisfactorily
explain the high degree of clumping exhibited. In samples
one to ten, all cores had been scored for percentage plant
cover. However on analysis this was found to be an inade-
quate method for assessing the preference of larvae for
various plant species. No correlations were evident and
Whittaker and Fairbanks' Index of Association (Southwood 1966)
failed to reveal any clear associations between larvae of

C.setigerq and any particular plant. However from observa-

tional data it was noted that larvae and adults appeared to

be grouped under the flatweeds:.catsear, hawkbit and hawkbeard.
Accordingly on the 15th of April samples were taken from a
different sampling site (Appendix 1) 6% miles inland from
Himatangi beach. This site was chogen because fromkprevious
spade observations it was thought that larval populations were

high in this particular paddock.




3%

The method of investigation involved taking 30 cores in
which one edge of the four inch diameter soil corer was placed
over the centre of a large flatweed or group of flatweeds and
a core taken to a depth of 12 inches. The remaining 30 cores
were taken in the same area but at sites &hich were at least 18
inches distant from the nearest flatweed. A comparison of the

numbers of larvae of C.setigera and other insects under flat-

weeds and not under flatweeds is presented in Table 7 below.

TABLE 94 A comparison of the numbers of larvae of C.setigera
and larvae oi other insects under flatweeds and nod
under Ilatweeds.

Species Under flatweeds Not under Iflatweeds
No. No./core No. No./core
C. setigers 126 4.2 29 0.97
Graphognath us leucoloma | 280 9.3 123 4.1
Boheman
Phlyctinus callosus 173 5.8 9 0.3
Boheman
Listroderes sp. 0 0 4 0.13
Grassgrubs 17 0.56 6 0.2
Phycocug lobatus Broun 122 4 .07 21 0.7
(adults)
Desiantha maculata 11. 0.33 3 0.08
Boheman

(A complete list of Coleoptera recovered in all of
the eleven samples is presented in Appendix 1B)

From this table it is evident that larval populations of

Cecyropa setigera display a marked clumping under flatweeds. ( It

was also observed that the distribution of dezd larvase infected

with the Hymenostilbe fungi followed a very similar pattern of

clumping.)
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The association of the larvae of Cecyropa setigera with flat-

weeds illuminates the observation of an increase in the density of
larvae at the higher elevations of the sand plain. It has been
shown previously that larvae do not inhabit the lower elevations
of the sand plain pasture. This is probably due to the saturated
and sometimes flooded conditions over winter and early spring.
Thus the larvae are confined 10 the medium and high elevations.
However, these elevations dry out severely over summer and larvae
and adults must find some source of food and moisture to survive.
Flatweeds, the most common of which is catsear, provide these
requirements. The extensive and deep root systems of these
plants enable them to penetrate the sand to sufficient depths to
reach the moisture. Thus larvae, in being clumped under these
plants, are supplied not only with food in the form of roots but
alsoc with moisture absorbed through the roots from the water below.

- In addition, flatweeds supply shelter to adults of C.setigera

which burrow into the sand beneath the spreading leaves, and from
the laboratory observations, it is suggested that they also serve
as a source of food for the adult. The close association of
larvae with the flatweeds of the sand plain of pastures is thus
the basis for the strong degree of clumping evident in the distri-

bution of the larval pppulations of C.setigera.
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Go. GENERAL DISCUSSION

In habits and biology Cecyropa setigera has proved similar
to other Otiorrhynchid weevils. From a comparison of the bio-
logy of C. discors with that of C.setigera it is evident that
the two weevils display a close similarity and that the correct
identification of the larvae described by May could in fact be
C.getigers.

The area of major interest in this gtudy was found in the
investigation of factors affecting the spatial distribution of
Cecyropa setigera in pastures of the sand plain. The vertical
and horizontal distributions charasteristic of the larval popu-
lation of (C.setigera can be regarded as a response to the

dominating environmental influence of changing soil moisture
levels at various times of the year.

The vertical distribution of C.setigera in the soil reflects
the varying capacities of different soil horigons to provide con-
ditions most suitable for the survival of the different stages
in the life cycle. The adults of C.setigera deposit their eggs
in the top two inches of soil, a region in which moisture reten-
tion is greater than at any other depth, because of the large
gquantities of raw organic matter present in this horizon. In
view of the clumped distribution of both adults and lajae and the
necesgity for an easily available food source for first instar
larvae, it is probable that oviposgsition takes place beneath
the flatweeds. After hatching the larvae exhibit a downward move-
ment through the soil with increasing age, to the more stable but
drier environment of the four to six inch zone. Both food and

moisture are available from the deep and extensive root systems of
the flatweeds. The greater proportion of final ini£?£0&3£X3i at

the deep levels probably represents a selection of this“stable yet
moist zone for pupation.

The clumped horizontal distribution of C.setigera is a reflec—
tion of the changing soil moisture conditions of the sand plainyg
which by winter saturation of the low lying areas and summer drought
of the higher elevations, favour the close association of larvae
with the deep rooted flatweeds. It is also evident that the dis-

tribution of other soil inhabiting Coleoptera is similarly affected.




38

As weevil speclies ere the most numerous of the injurious
Coleoptera in pastures of the sand plains the demonstration of
this association with pasture flatweeds is probsbly the most
importent single point discovered in the sampling programme,
large areas of the Menawatu sand country are characterized by
open pastures containing large numbers of flatweeds. These
pastures thus supply a mualtiplicity of suitable sites for the

meintensnce of high weevil populations and as farmers generally

select the poorer weedy pastures for cropping the chsnces of
demage to the seedling stsges of crops becomes corresponaingly

high. The zssociation demonsgtrated thus opens the possibility

e

of reducing weevil numbers in psstures by controlling the plant

host., This ¢

ntrol could be effected by improved pasture

e

o

menegement techni or by the emplovment of weedicides and

r—'
[

e

n

in being sn indirect cultural method would diminish the need

Tor the spolicetion of iasechtlcides with thelr attendent

residue problems,
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CHAPTER g

MORPHOLOGY OF THE TWO FUNGI ON THE HOST

INTRODUCTION

During sampling studies on the larval population of

Cecyropa setigera dead larvae were frequently encountered

that displayed an appearance indicative of a fungous dis-

ease. Attempts to establish the identity of this fungus

proved unsuccessful and it was concluded that it was a new
record for New Zealand or a new species. At a later date
larvae were found which bore evidence of a second fungous
disease. This particular fungus was readily identified

and belonged in the genus Hymenostilbe. Later it was

found that the fungus first discovered also belonged in this
genus.,

Generally, after death from a fungous infection, insects
assume a dried mummy-like appearance. This '‘mummy' is known
as an endosclerotium and results from a replaéement'of the
soTt body tissues of the host with fungal mycelium. Endoscle-
rotia often contain resting spores (gemmae) that enable the
fungus to survive perieds of adverse environmental conditions.
Following colonisation of the dead insects the fungus emerges

through the integument to produce fruiting bodies and spores.
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The two Hymenostilbe fungi followed this general pattern
of developmentjand formed endosclerotia that were packed with
hyphae and gemmae. However the two fungi also produced
finger-like outgrowths of aggregated hyphae on which spores
were borne. These structures are known as synnemata and are
characteristic of the family Stilbaceae of which the genus

Hymenostilbe is a membef, The synnemgta of the two fungi

provided a basis for their identification, in that the synne-
mata of one were a reddish brown colour while those of the
other were white.

The two Hymenostilbe fungi both produced two distinct

types of conidia. The morphology of these two distinct coni-
digl states was similar in both fungi. Production of one
conidial state occurred on both endoseclerotia and synnemata
but the other developed only on the synnemata. The first
mentioned conidial state consisted of balls of buff coloured
hyphae (Figs 7 ad § ) that enclosed a number of oblong conidiaj;
this conidial state was given the name ‘'conidial state A' on
the basis of g previous description of an almost identical
structure by Mathieson (1949). The other conidial state,
borne only on the synnemata, was characterized by the pro-
duction of phialides and pip-shaped conidia (phialospores)
(Figs 9 1o 12), This conidial state was called the 'phialo-
spore conidial state' and was the conidial state employed in

classifying the two fungl in the genus Hymenostilbe.,
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To avoid confusion both fungi were given a tentative
1

varietal rank; the variety producing red synnemata was

named Hymenostilbe R (red) while the other variety producing

white synnemats, was named Hymenostilbe W (white).

In this chapter there is first an account of the morpho-
logy of these two fungi and of their conidial states. This

is followed by a discussion of their taxonomic status.

1/ Variety is defired under the Botanical Code Art. 4 as ‘a
subdivision of a species below the rank of subspecies and
above the rank of form.' A variety is delimited on
morphological characteristics.




4R

=
.

o

%___l

inTected larvae and pupae were obbtained

o

Details of site locatlon, sampling

rrom

tical to the extraction method Ffor

| - . - £
Cne senaragvion oi

dymenostilbe infected larvae and vupae was not quantitative

due to the entanglement of synnemata in the organic mabverial

salt solution/kerosene interface (see

transferred to petri disgheg (five inch dismeter) lined with

several layvers of damp filter paper. Hive to ten specimens

were placed in each pebri dish and incubated at 24°C. The

mounted and sgtalned in lactophenol acid fuchein and lacto-
phenol cotton blue. Blides of value were preserved by

1.7,

sealing the edges of the coverslip with nail polish.
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The specimens were fixed in Carnoy's fluid, dehydrated,
cleared in Terpiniol and embedded in paratfin, using a vacuun
embedding oven. Sections were cut on a rotary microtome at
seven and ten v and stained variously with Haemotoxylin/ITosin,
Perilodic Acid-3Schiff, and by using womori's silver methamine
I 5. < 5 sl . L M -1 3 Ao e 2 -
technique for staining fungi in tissue sections.

(c) Direct observation

through a stereoscopic microscope.

4, Dimensions
All measurements of sgpores, hyphae, gemmae, phialides and

conidiophores were taken from the slide preparationg above
uvging a Leitz microscope fitted with a Leitz eyepiece micro-
meter (model CKHOR). Spores were measured only if both apices
could he gharply defined in the same plane of focus. leasure-

ments of endosclerotia, and of synnematal length and width,

were taken from fresgh specimens using a stereoscopic microscope

Drawings were made with the aid of an Clympus camera

an Olympug compound microscope.

of the Olympus compound microscope camera

ed photographs to be teken down The eye-
piece of a stereoscopic microscope (at magnifications ranging
from gix to forty times). Photographs of slide preparations
£ a Leitz ‘Ortholux’

wvere btaken uvsing the camera attachment o

compound microscone.
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1. Hymenostilbe R

fndogclerotia gFiy.la;@c) in the early stages of form-
ation retain the externsl form of the larva but the body
becomes an opaque white (or light pink/buff - 3ga), and rirm
to the touch. Internally the body is packed with a yellowis
white mycelium composed of fine hyphae and gemmae. The gemmae
(#ig.3 ) are both globose, and oval with flattened ends. They
occur both singly and in groups of two or three. They may be
terminal or intercalary bto the hyphac. They are 5 - 20 u long

and 5 - 15 u wide while the hyphae are 1 - 5 u wide. (Vost

cemmae are between 5 - 13 u long and 8 - 10 u wide.) As the
endosclerotia age they shrink slightly and become quite hard,

commonly assuming a yellow/buff shade (be@ween Pza. and 3za).
Jery oid ané dehydrated endosclerotia usually retain a
gemblance of tarval form but such specimens are often frag-

mented and devold of setae while their colours range from dark

brovn/black (3,4,5 pl,3,4,5 ni) through to a i1ight yellow/buff

(2eay.
(epproximately 7ic).

The size of the endosclerctia denends on the age of the
host at the time of infection. Dimensions of the larval

endosclerotia vary from 1.2 x O.6mm at the first instar, to

.

t appear seven to fourteen days

nitially appear as red/brown

e

a
(6ng,) spots beneath or on Tthe intepument, enlarging over the

%* Ostwald Cologr Skandards. Ostwald,W. 1931, The Ostwald Colour

H\bwm' Cw\c{\colovm Sczer\c¢(, Eﬂ("(‘ ‘ i’\l’[y\gof- and l\/ewh,m Lf‘o(,)Lov\cfor\.
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state A

Hymenosbhilbe K Tndosclerotia eand synnemnata.

(a) imnedistely after sieving and extraction from soil samples

(v),(c) after incubstion under high namidity (note conidial
state A produced on the endosclerotia snd synnemsta)
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next three to four days to produce small firm cushions of red/
brovn mycelium (between 6pi and Sng) that are a pale pink/

brown (near 5 and Gea) at the growing tin. These myceiial
cushions elongate to produce the synnenata.

In the field mature synnemata are invarianly gznarled and
contorted asnd sometimes bear a short rateral branch. The
long although

have been observed.

£ 3 - Y o ey o - -7 £ -
with a range of 0,05 - u.Zumm. The great majority of tne
specimens recovered in the sampling programme were naked butb

this was due to the vigorous extraction process, as specimens
observed airectly in the field often bore conidial state &

both ovn synnemata and endosclerotia.

-

0}

The colour of synnemata in the fileld varies markedly

depending on the goll moisture. Nature synnemata are generally
a2 dull red/brown (6bpg to Gpe, 6pe, and HGne) bubt on very old
and dry specimens they are usually black/brown (5,6,7pl), a

the shrivelled endosclerotiuvm from

colour

which they arise. Actively growing synnenata can be
. 3 <o

distinguished by the pink colour of the growing tip, and also
in the laboratory by the shiny red/brown (6pi Lo 6ng) of the
synnematal shaflt.

The number and position of the synnemata varies greatly

on field recovered specimens (fag‘Z.%hﬁg, Some endosclerotia

bear only two to three synnenata, these generally arising from
the mouth, the anus and/or terminal lobes. ost commonly ten
to twenty synnemata are vroduced, although endosclerotia with

over a hundred synnemata have been observed.
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Synnemata preduced from the endogelerotium under

-

incubation at high humidity in the laboratory are more

)

sl

L

O
(&)

¥

uniform in shape and size thar e produced in the field,

and branching has not been observed. Huch synnemata are

terete, and often bear clumps of conidiophores of conidial
state A (Fig. T ) on their tips. They very occasionally bear

alternative phialospore conidial state (Fig. 9) with or

C-i-
oy
[0}

A

A

1

.%~

ol

without conidi e

&)
0
[8V]

Internally the synnemata consist of a tightly packed

central core of whitish, longitudinally arranged hyphae

2 - 5 u wide and from 1C - 20 u bebtween septa. These hyphae
are covered by a thin, tightly woven, differentiated oute

layer of digborted, thick-walled, brown coloured, and closely

These outer hyphae run in a more or less longitudinal manner

W
ot
4V
D
&
o

but are irregular in the basal sreas and
branched regions.

2. Hvmenostilbe W

-

In the field, endosclerotia of

fn

the background of sand due to the possession of a

<k

againg

03

to vellowish buff (%ga) synnemata.

¥
‘,J
S5
o

number of flexible, w
The synnemata are seldom branched and grow away from the endo-
sclerotium in 2 conbtorted nanner. They are from 1 - Smm in

length and from 0.1 - C.25mm wide. Hany of the synnemata bear

conidial state A (Figs.Tell) and in addition often bear the

alternative phialospore conidial state (TFig. H ). Cenerally
5 - 20 synnemata are produced from an endos otium.




“9

‘J

me endosclerotium, particular-

asynnemata are produced from the sar
ly from the anal region. These are gnarled and contorted, a
5o olive/brown (%pn) colour and bear = dens

covering of the phialospore conidizl state on their surface.

.

)

e

On the basis of laboratory observations it 1s suggested th

such synnemata are produced during marginal soil moisbure

.

levels. Endosclerotia collected from sand during the sampling

“‘L./
programme were free of conidial state A due to the vigorous
extraction process, but on incubation at high hunidity a dense

covering of conidial state 4 was produced over the surface of

the endosclerotla and their synnemata. Internally the genmae

conditions in the laboratory first produce outward manifest-

hyohae emerge through the integument and form a dense covering

of conidial state A. Three Lo seven days later synnemata

elongation proceeds a sterile, loosely aggregated growing tip

synnemata. Under wolst conditions the initials rapidly clongate




Tl\& ve fveful hx’men;um

of the ph:aiospore<

comdial state.

Hymenostilbe W . mndosclerotia and syan
producing both conidisl state A 2nd the phialospore
conidial state.

Hligure 4

= Comdial state A



Hlgure 5

Hyvmenostilbe W 4 Gemmae .

-
(24

Londial skate A

Hyvmenostilbe VW, Synnematel initisdl and conidiasl
state A




to form terete, white gynnemata that are often slichtly

). Internally the synnemata con-
sist of a tightly packed core of longitudinal hyphae 2 - 5 u
wide and from 10 - 25 u between the gepta. This is covered by
loosely aggregated, fertile hyphae (4 - 8 u
wide) that bear a dense hymenium of phialides and spores of the
phialospore conidial state, interspersed with conidiophores of
conidial state A ?igﬁaé-vﬂ). The hymenium is of a velvety
appearance and 1lg visible betweéﬁ the gcattered balls of

conidial state A that are produced behind the sterile growin

tip. Under continuous high humidity conditilons the synnemata

but if the specimens are allowed to dry,

the colour turns to a deep yellow buff shade (between 3ea and

h
H
Q
C
.
-7
s
o~
-
<
=
o]
4]

7 and Hymenostilbe W (Fig

conidial sbtructure described only once previously as an unnamed

alternative conidizsl state for Cordvcepns gphodii HMathieson. In

by the auvthor of subsequent

various other ento-

mogenous stilbaceous fungi, fai Lo eveal further information.

=3 b




Hligure 6

Cordyceps aphodii, 4 New Species. ¥. Mathieson 117

?}’ 50‘u,.

Text-fig. 2. Conidiophores of conidial stage A, of C. aphodii. The mature
conidiophores are only shown in outline.

Text-fig. 3. Structure of conidiophores of conidial stage A of C. aphodii, and conidia. A, young
conidiophore; B, mature conidiophore in optical section; C external appearance of mature
conidiophore; D, conidia; E, germinating conidia. ¢, conidia; p, phialides; s, sterile hyphac.

Conidial state & of Cordyceps aphodii




54

It was subseguently decided not to pursu
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affinities of this conidial state would be outside the scope of

morphologically very similar to the conidial state 4 of Dboth

beed

.3 and H.W (Figeoagai). As Mathieson
conildial state applies almost equally well Tto Hed and H.W it is
presented below in only a slizghtly wodified form.

The spherical conidiophores of conidilal state &

are the most obvious and dominant form of sporulation in both

This state may bezgin to develop from synnemata

when they are very small. 1% is not restricted To The synnematb

and may develop from anywhere on the surface of the endoscleroti
At first, unbranched colourless hyphae grow out from the

ace of the synnemata or endosclerotia (Fizs.Te,76). At the
extreme tip of These hyphae several very shorlt, biunt phialides
arige, which are hyaline, non-septate and about 6.25 u long.
the same time, ilmmediately behind these, and for a short

distance back along the branch, a number of laterals develo

and, becoming sickle-ghaped, curve around the apex, at the same

completely £ill the cavity enclosed by the outer sterile

The spores are oval, smoovh walled unicellular bodiles

] - . - et " e - o o e

(Fiz. 8 ) and measure approximately 10 = 3.5 u. Spore dimen-
3 £ T oand W - Sl o en Mol = m

sions of H.R and H.W are sinilar (see TablesiO«iii. The

2 % e Y o~ ] am A1 - . o A Ad. L Kl
sterile hyphae are 5 v wide and markedly tuberculate. AT first



Figure 7

Develoning conidiophores of conidial state A

a) on a synnema of Hymenostilbe
Hy
124

vy

menostilbe k&

D) on a synnema of H

e

/

(e) | a)

conidial state A
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maturity

becone

e

buff

hey G 1 .
Vhen the conidiophores are mabture, i.e. the spherical
heade are full of spores and have changed colour, bthe stalks
wither and the conidiophores may remaln adhering to each other
by the roughness of The sgterile hyphae. Although in the field
synnemata and endosclerotia are sparsely covered with conidio-
nhores a new crop will begin to develop following two to three
days incubation in the laboratory.
An ewamination of Tathieson's illustrations (Figz. é) an
a comparison with rigs.T8%ll reveals the overall morphological
gimilarity of these three conidial states. However two
important differences arise bebtween Mathieson's description
and thet for H.2 and H.W. These are:
(i) Tht conidia of conidial gtatbte A of . aphodii are
smalleri—- 5.0 - 7.5 ¥ 2.0 - 2.5 u.
(ii) In C. aphodii the conidiophores develop on the ends of
much branched hyphae. in H.H they develop on an

unbranched gstelk, although in H.¥ oc

gtalks have also been cobserved.

Although similsrities are exhibited
states, it is suggested that develovmenta
a stable means of delimitation.

four

case the synnema bearing these conidia
the endosclerotium following laboratory

wholly developed

incubation.

in the three conidial
1 ontogeny may reveal

synnemata

occasions. In each

£

Lrom

rix:‘o o
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hiaslospore conidial state has never been observed on synnemata
of field recovered gpecimens although, as noted previously,
this could be due to the vigorous exbraction process. In view

of Tthe rarity of this conidial state and 1ts obvioug taxonomic

3

v
CL

ficance, one of the main aims of physiological and

[5)]

nubritional studies (Chapbter 3) was the nroduction of phialides

[

and conidia on gynnemata produced in artificial culture. The
development of this conidial state in culture proved difficult
and 1t was only at the very end of thig study that consisbent

production was achieved. The degcription of the conidial state

below ig taken Irom s7npc%“*a and conidia produced from endo-

nies in artificial culture.

[42]
[
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1.8 develops on synnemata

alone or in conjunction with cor al state & (Fig.dab). The

shiny red/brovwn colour (6ngz) in the Lower region (iig.9a). On
the upper half or vhird of the syanemata the colour changes to
a pinkish white ghade with a velvelty appearance due to the

production of phialides and spores on the outside of the

Fhialides (Fig.{0 Hos. 9-16) are produced only from the

hyphae of the synnemata. They are scabttered
and arise either asg lateral geseile or occasglonally terminal
cells of the oubter hyphae or much less frequently as terminal

cells of short one or two celled lateral brancheg. The

nhiglides are flexuous bto irregularly bent or straight, smooth
walled, and may have occaslonal warty protuberances. <they are

2.5 - 5.0 x 7 - 15 u, often subcyliadric and atbtenuate either




Tigure 9

A Synneme. béa.n;mﬂ The pl\xalos;oore comehal
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C
pl'\mios‘oo’e-‘..__mm - (¢)
co llore te Wnenostilbe |
FhmJMe A_y?1(11¢@ producing
o pertislly extruded

11&; gpore



Figure 1D

Hymenostilbe R 1 - 8, Conidiel (phialospore) ontogeny
in artificiel culture; 9 - 16, naturelly occurring
phislides and conidis.
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rently or abruptly to single, short, acute or acuminate

<
] ar

oy

n

terigmata which are 2 - 5 u long. The apex of the

ot

occasionally bears a partially extruded phialospore
Nos 1-5) that enables the distinction of an evanescent and
very incongpicuous collarette (Fiz.Je)

Th idia (phialosporss) are produced singly and are

u)

CC

5

P

broadly fusiform, hyaline, gmooth walled, and 1.2 - 1.8 =
2.5 - 5,0 u (Tabhlelld).

(b) wenostilbe W

.

e vy
state were

J
s
o)
l,.wl
<
U}
<
O
H
[
O
o]
i
_!
ﬁ
eed.

Synnem bearing the pl

&

naterial., Production
he pnialospore conidial state was also
readily induced in the laboratory (fig. l}) when endosclerctbia
were subjected to incubation under conditions of high humidity.

Un field material the phialideg and conidia are more

o]

7 localized on the central reglons of synnemata as
loose hynenial layer. On gynnemata produced fol

laboratory incubation, a dense hymenium of tTightly packed
deg and conidia i1g found. Alco synnemata from elther
gource often bear conidial state A (ﬁig.'[} particularly in

the bssgal regions where phialide production is generally sparse

or absent. Phialides and conidia form on nearly all synnemata

i

but occasgionally that bear only a dense

50 synnematba produced from endosclerotia after incubation under
high humidity in the laboratory.

FPhiglides (Fiz.|d) are borme only on the Lloosely inter-

()

- i ey B e 5 o P Rta £ s
woven, echinulate, ouber hyphae of synnemata. They form a
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Hymenogtilbe W/ Conidial state A

and the phieslospore conidial stste

produced orn the same synneuas



Figure 12

Hymenostilbe W 1 - 8, Conidial (phialospore) ontogeny
in artificisl culture; 9 - 13, naturally occurring
phialides and conidia.
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dense pallisade layer and may Dbe sessile or arise at the term-
inations of the oubter longitudinal hyphae. HMore freguently

they are borne on 1L - 5 celled lateral brancheg as terminal or
lateral, sessile or short stalked phiaiides which occur singly,
as pairs, or in clusters of up To five Q?ig.{l~§os 8g-13%3). ‘The

[ L] b

phialides are generally suncylindric

e

co ventricose, sinuous,
or wiuvh one or two constrictions. They are smooth wal
occasglonal warty protuberances and are 10 - 20 x 2 - 5 u.

Phiatides generally taper abrup

5 - 7 u long. Boneblimes up To

either apically or laterally, from a single phislide, and in

addition from the upper cells of the lateral branches. The
apices of the sterigmata are generally acute. OCccasgicnally a

partially extruded phialospore enables the disgtinction of an

evanescent, and extremely inconspicuous collarette (Fig.l2

The conidia (phialospores) are produced singly and are

raline, gswooth walled and 1.1 - 2.0 x 3.0 - 6.0 u

the phialospore conidial

sbate (as described above) i cate that the two varieties

(H.R and H.U) must be assigned to the genus Hymenogtilbe. On

<

the basis of observations on laboratory incubated specimens,

field recovered specimens, and artificial cultures, the

differences bastween H.B and H.\ that are least prone ©o
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first record of an alternative conidisl state in the form-

genus Hymenostilbe.

Thus @as 1.R and H.W are cleasrly sepsrable from the unnamed

Hymenostilbe conidial state of C.2aphodii, snd are delimited

from all other species in the genus Hymenostilbe on phialide

(&

and phislospore features, the possession of an alternative
by
conidial state, and,the habit of host specificity on the

immature stages of the endemic weevil C.setigers, it is pro-

posed that both H.R snd H.W can be regarded as new species of

the genus Hymenostilbe.

4, Conclusion

A definite need is indicated for a critical re-examination
of the stability of cheracters used in the delimitation of
form-genera and form-species in the stilbaceous entomogenous
fungi. This could be embodied in future descriptions of new
species in which proof of pethogenicity and host range studies
should be included. Under the oresent taxonomic situation both

H.R and H.,W.could be presented as new species of Hymenostilbe

pending & possible synonymy of this genus with Aksnthomyces.

Both H.R end H.W displey @ close relationship with Cordyceps
aphodii and it is suggested that if the ebility to form the
perfect state has not been entirely lost the two fungi will

form perithecies characteristic of this genus.
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AL CULTURE

never been 1lsolated to artificial culbture a few speciles have

been cultured for many decades. Yhis is mainly a reflection

of the relative cconomic pobtential of the few entomogenous
fungi that are virulent to a wide host range. Investigations

creen muscardine fungus

.

Sorcokin were initiated as

Russia (cited I

1064) employed a semi-liquid beer mash medium to produce large

gscale production of other virulent entomogenous fungi and by

-
the 192C's this had been achieved for several species, most

2

notably Aschersonia spp. and the white muscardine fungus

uvariz basgiana (Bals.) Viwll. 1In these studies, complex

td
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=
ja¥]
C..)x.
o
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mulations were used as growth media. ‘they incorp-—
orated guch raw materisls as cornmeal mush, sweet potato,
oats, bran, rice, sawdust, dog dung, swordfish and herrings

(Mlartignoni 1064). With the excepbion of Bawyer (1929), (who

studied the growth of two species of Intomophthors on over 40

lifferent media), the investigators of this period made 1little

Since this early period of mass culture there have been
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relate to taxonomic problems, e.g. MacLeod (1954a), Browm and

Smith (1957), or to specific gtudies of physiology and

morphogenesis, e.z. Shanor (19356), Basith and ladelin (19

Recently the reawakened interest in biological control has
ted invegtigations into the mass pnroduction of

entomogenous fungl, Entomophthora spp., Dbeauvaris

Uetarrhizium anigopliae, and these fungi have

fungi gtill remain uncultured.

MaclLeod (1959a) at ttributed this lack, in part, to

a large number of

the failure of

to grow in culbture may be due to the absence of
ble from their natural hosts.
In order to obtain precise data on this subject he initiated

an invesgbtigation into the nutrition, mebtabolism and sporulation

:
B
-

modern gquantitative Technigues of shake

S |
, using solid

later Lougheed (1961, 1963)
conditions necessary for the production o

-

later described their morphogenesis. 'These cxperiments

gk

represent one of the most comprehensive studies of the

frnd

wibtrition and physiology of any entomogenous fungus.
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It is fortuitous that such an investigetion hasgs been
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nember of the genus Hirgubtells as this genus

wWere uore

ring this

B JURLIFICALION OF H0D3

The cultural investigations in this study were carried

a1

S -

out on solid media. Although the use of solid me

-

lia in th

@

-

culture of fungl is a well known Technique its extension to
nutritional and physiological studies is open to criticism

(Cochrane 1958, Lilly 1965). The objections revolve around
two nmajor points: firstly, cultures on solld media are

heterogeneous; secondly, there are generally inadequacies in

HMogt critical studies on the nutrition and nhysiclogy of
fungl talke place in a homogenous shaken liguid culture. bduch

method enables the precise definition of media constibuents

o
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all cells of the inocculum. In solid culture all wmedia congtib-~

®

vents cannot be easily defined, since agar is a complex poly-

saccharide that has been shown To contain small amounts of

trace elements and organic compounds (Lilly 1965). IFurthermore

develoning culture are of two types and are exposed To tTwo
different environments, namely, submerged mycelium in anaerobic

2

conditions and aserial mycelium in aerobic conditions. Thus
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of the experimental variable. However under the aims and

variabillity of growth. Secondly this is a study designed %o

varying nubtritional treatments

oy
5

on growth and sporulation and Thirdly the aims of studyin:

u

sinultaneously lation and synnematal production
could only be achieved on solid nedia.
The second objection concerns the difficulties involved in

measuring growtl

media grow in

+

lium and an increase in colony diameter is generally taken asg

i

[¢)]

{

et

the measurement of growth. This measurenment hag often been

onus to prove
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enabled instead the adopition of mean dry weight of colonies asg
a neasure of growbth. Jlean dry weight 1s generally accepted as
being the best parameter for the measurement of growth but 1t

is not generally applicable To cultures on solid media becanse

O’.

of difficulties inherent in the renmoval of agar from fungal
mycelium. In this study a methoed of removing the agar was

deviged that included immersing the colonies in boiling water.

o
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o
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4
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b=
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Thisg allowed a satisfactory egbtimation of Tne

welghts of colonies on the various media.
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A third possible objection concerng the carry-over of
nutrients, with the mycelial inoculum, to the experimental

media. In order to mininmise the amount of 7

carried over, only the smallest discs of

wandled were cemployed.

’.._.
4
):')"
QJ

be gatisfactori

1. Preparation of Inocculumn

Colonies of each wvariety, grown for at least 20 days on

laboratory PDA, were cut from tne agar and aseptically trans—

~

ferred bto previously sterilized I
15 mls digtilled water and 15-20 glass beads. One colony only
VicCartney bobttle. Violent agitation

- i gy g L - e 1
was btransferred to each

of the mcCartney bolttles fragmented the colony and produced a

then aseptically pipetted (din 1.5 ml aliquots) on to the
surface of agar plates containing 1.5% agar, 1.5% veast extract
and 5% dextros fhe suspension was evenly distribubted by

zently rotating the plate until the whole agar suriace was
- y . . O R .
covered. Following incubation for 12 days at 2470 each strain

produced a large number of moist, mound-like colonies of

Cu

dengely ageregated surface mycelium. 1his mycelium was approi-

imately 4 mm thick and 1in some places united to form a contin-

uwous laver. (he prepared inoculum was sbored in a refrigerator
O . o v e ' — . .
at 3°C, and used within a 14 day period.

2. Jlnoculation

Using a binoculsry microsgcope with a graduated cyeplece

scale, and a set of fine needles, small measured discs were
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cut from The surface mycelium and gently detached from the
underlying agar. These mycelial discs were then transferred
to the experimental media and placed the same way up on the
agar surface. It was found necessary to ewercise care in

placing the discs

but directly on ©to the
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using only the needle tip. If a groove or furrow was made on

the medium fragments of elium adhering to tne needle would,
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an ocubtgrowth of mycelium along the line

of needle contact. This increascd individual variability

The inoculatvions were carried out in a closed room

sterilized with uvltra-violet light, end normal aseptic technigue

wag cmployed.

4. Anoculunm Size

The inoculum size for H.2 and H.W was difrerent as the two

e

gtrains produced glightly different growth

inoculum preparations. In the cage of H.R the colonies were
moist, grey/white, and somewhat rubbery. The average colony
size was such That a disc of 1.0 mm diameter was found con-

pinkish/buff colour

15 minutes at

411 media consbituents are expressed percenbage concentrations

-

rcial media were prepared according to instructlons

N
<
=
-
Q
O
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on the labels while the coumpogition of laboratory media is

6. lethod of Assesginge Growth

Oven dry weight was emplcoyed as the measure of growth.
The method Took advantage of the densely aggregated growth

form of the colonies. At the end of the incubation period

individual colonies were cut free from the medium as dilscrete

3 £ by §

lumps bearing only a minimum of adhering agar. A scalpel

H

with a laterally curved blade proved ideal for this purpose.)

Fach colony was then transferred to individual test tubeg one

117 - 2 e e 2t
The ager remaining on the colonies

five minutes. The colon were bthen collected on filter paper
in a Buchner funnel by vacuun filtration. Care was taken o

3 . ol he )

prevent the water in the tegt tubes from cooling to the solid-

ification point of ager. After filtration colonies were trans-—

colonies were then transferred to desiccabors™ and individual
colonieg weighed as soon as possible on a Sartorius balance
(model 2600) wibth an accuracy of 1 x 1072 gm. Jith few

s

exceptions
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cutting, boiling and drying procedure and there was negligible
loss of mycelium.
7. ther Featureg Recorded

A preliminary experiment had established thet during a 48
hour period water resorpbtion was prevented by the use of
desiccators prior to weighing.




g8

T -~ : b - o
This wasg assessed in three ways:

{\

(1) Percentage area of bthe colony surfa

QJ
¢
¢}
Q
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+
®
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®
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O
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O
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(ii) The developmental stages present on a colony; the develop-

ment of a conidiophore wag divided into four phases and a

record made of the number of stages present on the colony
surface.

Stages \ oS Yy

Developmental ag Qo ) 0 J

Y

mM L
N
&K& ;

; i i ff.
Hyaline Hyaline Hyaline Bu )
after Mathieson (
(iii) Dominant stage of conidiophore maburity; this was
recorded by placing the relevant developmental stage in
parenthesis e.o. 1,2,(3),4 ~ all four developmental stages were

pregent on the colony surface hut the majority of the conidio-

phores were 1in developmental stag

N o . . -
(b} Sporulstiocn index

index was prepared. The index was constructed by multiplying

tage of conidiophore maturilty by the percen

\-_“_
=y
D
jo T
O
&
fde
';)
m
=
P
n

£ the colony covered by conidial state A as a whole.

-

Thig indew reflects the relative suitability of various media
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for early initiation and rapid growth to maturii

(c¢) Relative density and lensth of aerial myceliunm

_ength were divided into five categories with

.

the density and length on lab. PDA taken asg three in both HLR

(d) Colonvy shape

Rough »nrofile sketches were made and trends in colony

(e) Colour of aerial mvecelium and/or colour of colony mycelium

Colony mycelium was defined as that mycelium comprising

the vegetative mags of the colony, being densely aggregated,
molst, and composed of fine hyphae with some gemmae. Aerial

mwycelium was the looge mat of ramifying hyphae overlying the
colony wycelium. All colours were assessed under an Olympus

astereoscoplc microscope, with 20 times oculars and C.7 times

magnification. An Olympus epi-illuminabor was used as a single
light source against a white stage background. Colours were
degignated a colour code from the Ostwald Colour Album (1931)
£ T e e 3 1 £ iy iy L,

(f) Length and number of synnemals
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asvailable solid media to inves

growth, sporulation and morpholopy of
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TABLE 14 Morphological Characteristics and Mean Dry Weight of Hymenostilbe R
at 20 days on Various Media

.Colony Colony

Medium pH  Colour of Colony Mycelium (c.m.) Aerial Mycelium Conidial State A Colony " Mean Mean Dry
and Aerial Mycelium (a.m.) Length Density Develop. % Area Profile Diameter Weight
(mm) (mg)
Lab. PDA 5.8 Patchy light pink (5ea) a.m. 3 3 - - 10,2 21.93
amongst hyaline a.m,
Difco Sabouraud 5.6 Hyaline a.m. around orange . L 5 . - 6.3 7.69
Dextrose Agar (4-5ia) central a.m. J//\/,./\\\\
Difco Brain 7.4 Moist grey c.m.; sparse cover- g 2 - - 8.6 6.65
Heart Infusion ing of hyaline a.m. in centre
Agar :
Lab. Carrot Agar 6.5 Hyaline a.m. around mixed green 3 L - - o - 4,56
buff (3ne)/orange buff central
el //\4__'
Difco Mycobiotic 6.5 Overall covering of hyaline L 5 - - Sel 4,09
Agar a.lm.
Y .
Difco Sabouraud 5.6 Hyaline a.m. around central 3 3 - - 5.9 3.84
Maltose Agar buff (3ea) a.m.
P sy
Difco Beef 6.8 Dense hyaline a.m. on upper L 2 o - 6.4 2.62
Lactose Agar colony. Lower colony naked,
grey Com. ////‘“/f\\__
Lab. Cornmeal 5.4 Wide circle of submerged white 3 2 - - ' 4 1 2+37
Agar hyphae; central colony raised
buff (4ea) a.m.
mmmw—
Difco PDA 5.6 Hyaline a.m. around central 3 3 - - L,9 2.21

brown a.m. (4le) ::::::

(T;G.Y.A.)

of grey, moist, c.m. - ek
Oxoid Milk Agar 7.2 Mixed hyaline & pink/buff L L - - L8 1.69
(bea) a.m, ,//V/k
Oxoid PDA 5.6 c.m, khaki/brown (3pi) 1 3 - - k,0 155
a.m. hyaline, overall ‘/’_/A_k\
Oxoid Tryptone 7.3 c.m. buff (3ea). Straggling 5 2 - - % SslL 1.4k
Soya Agar hyaline a.m. on upper colony ~WJ££::1
Difco Malt Agar 5.5 Narrow ring of hyaline a.m. 2 3 - - 4.0 1.40
around central brown (k4le)
CoMle ,——ﬁl-———
Difco Prune 5.6 Ring of submerged hyphae 2 3 - - 3.4 0.82
Agar around central dark brown/
buff (3ie) c.m.
e TTEYANAREY
Oxoid Nutrient 7.4 Moist grey c.m. Straggly 5 2 - - Bel 0.50
Agar hyaline a.m. on upper
colony only ) il W
Oxoid Czapek 6.8 Yellowish submerged hyphae 1 1 - - 4,2 0.36
Dox Agar around moist brown (Lpg)
Celle ___.ﬂﬁélh_____
Oxoid Tomato 6.1 a.m. patchy hyaline. c.m. 3 2 - - 1.9 0.25
Juice Agar dark red brown (6pi)
£
Lab. Starch Agar 5.2 Pinkish ring of submerged 1 1 - - 1.8 0.20
hyphae around light brown
(5ie) cem. Pa
Lab. Water Agar 5.8 c.m. light buff (3ic). 0 0 - - 1.2 0.05

Synnematal-like, red (7pe)
'taproots' growing into
agar

3




Agar

Lactose Agar e

Oxoid Milk Agar 7.2

Oxoid Tryptone 7.3
Soya Agar

Oxoid Plate 7.0
Count Agar
(T.G.YCEI )

Lab. PCA 6.3

Oxoid Nutrient 7.4
Agar

Difco Prune 5.6
Agar

Oxoid Czapek 6.8
Dox Agar

Lab. Starch 5.2
Agar

Lab, Water Agar 5.8

(4ea) a.m.

mycelium with central raised
portion. Covered with buff

; Pa.tChy a.om.."

c.m. grey/buff (3gec)
Straggly a.m.

c.m. grey/buff (3gc)

Straggly a.m.

c.m. very dark brown (5pn)
a.m. very sparse

c.m. dark brown (between 5pl &
6pl) where visible beneath
conid. state A (3ga)

c.m. grey/light buff (between
Lhea & keca)

c.m. dark red/brown (between
6pi & 6ng)

c.m. buff/grey (3gc)
c.m. very dark brown (5pl)
Surrounded ring of yellow

exudate (3pc)

c.m, light buff (3ic)

L 2
1 i 5
1 1
I 1
1 2
1 2
1 1
1 1

1,(2),(3),4 70%

@

1,24(3),4

5%

2.9
2.6
PESSROR . SR
1.8
EEA
2.6
Fa)
1.8
1.3
IR -, PR
1.0
E—
e 1.0

90%._

TABLE \% Morphological Characteristics and Mean Dry Weight of Hymenostilbe W
at 20 days on Various Media
Colony Colony
Medium P Colour of Colony Mycelium (cems) Aerial Mycelium Conidial State A Colony Mean Mean Dry
and Aerial Mycelium (a.m.) Length Density Develop. % Area Profile Diameter Weight
mm (mg)
Lab. PDA 5.8 c.m. light pink/red brown (6 & 3 3 1,2,(3),(4) 50% /’/1«3 5,8 6.7k
7ie) a.m. tufty
Lab. Carrot Agar 6.5 c.m. light pink/buff (4ge) 2 2 1,2,(3) Lo% 6.4 L,32
Patchy a.m. __Z:T—~/)ﬁ1‘\
Difco Sabouraud 5.6 c.m. light grey/buff (between 2 1,2,(3),4 15% 5.9 3456
Maltose Agar & 3ea) Darker in upper central /f*—’/\ﬂ\
portion (3ge) :
Difco Sabouraud 5.6 c.m. deep orange/buff (between 4 5 -, - L,9 3.28
Dextrose Agar bia & hLga) /A*/—\“\
Difco PDA 5.6 ce.m. pink (6ie) 2 L 1,2,(3),4 Lo% i ‘: hoh 2.92
Difco Brain 7.4 c.m. very light pink/off white, : 1 - - 6.2 2.75
Heart Infusion moist. Virtually no a.m.
Agar — TN
"
Difco Mycobiotic 6.5 c.m. pink/buff (5ga), moist 2 2 - - 4.6 2.58
Agar . P
Oxoid Tomato 6.1 c.m. yellow/buff (3ga), moist. 2 ? - - 5+0 1.64
Juice Agar a.m. tufty T
Oxoid PDA 5.6 c.m. khaki/buff brown (3pi) 1 3 Tl2) 10% S~ 3.7 1.48
Lab. Cornmeal 5.4 Circle of white, submerged & 2 1,2,(3),(4) 25% 4,0 155

0.45

0. Ltk
0.37

0.35
0.2k
0.12

0.06

0.02




Hymenostilbe W

(i) Lab. PDA supported maximal vegetative growth (P40.05).
(ii) There was no significant difference in colony mean
dry welght between lab. carrot, Difco Sabouraud Maltose, Difco

Sabouraud Dextrose, Difco Brain Heart Infusion and Difco
llycobiotic agars. These media ranked (in order) second to
fifth in their ability to support vegetative growth.

(b) Relative production of conidial state A

Hymenogtilbe K

Conidial state A did not appear on colonies of H.R
during the 20 day incubation period.

Hymenostilbe W

Conidial state A was present at 20 days on colonies grown
on 10 different media. Details of relative area covered, and
stages of maturity present, and dominant, can be read from
Table /9 . The sporulation indices and the mean dry weights of
colonies on the 10 media producing conidial state A are given

in Table /“below.

TABLE J6 Relative production of conidial state A
by H.W on ten media

g g Colony
lMedium 6poiuéatlon mean dry
weicht (mg)

Lab. ‘PCA 380 0.37
Lab. Water 270 0.02
Oxoid Czapek-Dox 125 Qul2
Lab. PDA 1725 6.74
Lab. Carrot 120 4,32
Difco FPDA 120 2.92
Lab. Cornmeal 88 1435
Difco Sabouraud Maltose 45 %.5060
Oxoid PDA 20 2.92
Lab. Starch 5 0.06
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(1) A general descripbtion of colony development and

morphology on lab. PDA is given below.

-
'l

T

b
¥

R
1

surface of the colony a covering of ramifying aerial hyphae

~ be ] L I by B 1.1 -3 oy e N Nl b B ) )
appeared. At 20 days the colony consgisgted of a diffuse base

of fine assimilative hyphae (1 - 5 u wide), a mound of fine,

dengely packed hyphae intersperced with swollen hyphae and
ag, and finally a mat of ramifying aerial

48]

patches, buu were generally hyaline with a translucent

colony formed a tough, leathery,

-
‘]
i

irregular mound.

ences were apparvent. The first moundlike growth at two to

FTour days was usually a dark red/vrown colour, althouzh

A"

The colonies were fragile at 20

s ! - : P E 158 [P I - -
days, in vhe sense that mycelial segments were readily broken

z,...l

tougner

voluted while aerial hyphae were short and nolt dense enough
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Conclusion

Although this media survey provided valuable descriptions

f]

of coleny morphology on variocus media it did not realize the

production of conidial sbtate 4 for H.JH,

srowth of both H.E and H.W was not lmproved over that of lab.
PDA. The of the general nutritional requirements

£ T e T PO~ 1 1% de T . o 2 A o
of both H.R and H.W to Tthose of H. glzantea served as a

into their nubri

¥

fort to resolve the shortconmings of the previocus
more comprehengive

and H.W. ‘The

¢
®

resulte of the previous experiment indicated

of orsanic nitrozen and dextrose in the nutrition of these

added to a medium of 1% dewxtrose” and 1.5% agar™. The medium
was prepared in 110 cc lots in 250 ml flasks as set out in

or each mediun

iy
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and two inoculatiocns of H.H and two of H.W were made in eszch

in Appendix & (Tables 3 and Lr). The pH

ichts of both HL.RE and HI.W are nregented
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(1) With the exception of the conbtr there wa

]

1
nificant difference (P<0.05) between vields on media in the

i~

range DH 5.5 - 7.4,

O

(ii) The wyield from the control at »H 6.8 v

al

nificantly different (2<0.05) from the vield at

\J
Y

)
|"h
}4
=

pH 7.4, but was significantly different from yields at all

-

other pH wvalues (P<0.05).

7
‘..J
‘.J
.

A
3
g
o
i
»

vields at oH 6.8 (control) and at pH 6.7 and pid 6.9.

nc sig-

7as a sicnificant difrerence (P€0.05) betwe

en

(iv) There was a gignificant difference (PLC.05) between

(v) There was no growth at oH 4.0 and below.

(b) Relstive sporulation of conidial state A

ia snd their indices of sporulation are presented below

TABLE % The effect of medis ol on nroduction of
conidisl gshate A

=3 Oy OO
S 0o~ o O\
1
]

o

®

e @

~~
O
Q
b
2
o
e
O
h
S
~J
3

°




(mg)

MEAN DRY WEIGHT PER CULTURE

{mg)

DRY WEIGHT PER  CULTURE

" MEAN

HYMENOSTILBE R.
‘ . pH 6-8 (no buffer )
20
e
./ \.
\\\ °
° \
15 o
10
-]
5 \
®
o a a8 Q.
3:0 40 4-5 5.0 5.5 58 635 67 6.9 74 7.9 85
pH
HYMENOSTILBE W,
20
@ pH 6-8 (no buffer)
15 @ @
. ‘,//’
°
\./,
)
10
©
©
5
@
) .////A
3:0 4.0 4.5 5.0 5.5 5-8 635 67 69 7-4 79 85

pH

field of Hymenostilbe R and Hymenostilbe W at

I's 7 . - - Py Y /3 LN
<0 days on a yeast extract (5% - dextrose (1%)

medium at varying hydrogen ion concentrastions
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at 20 days on a2 yeast extract - dextrose
verying hydrog
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ized and poured into 40 petri dishes.

inoculated with two inoculum disc

inoculated 7

the following eight temperatures: 16,20,24,26,28,30,

]

e - b
2670, Incubators were not availabl

petri dishes were incubated for 20 days al

» for temperatures

Wl

%%, and

below

(i) There

] - o Ty ‘
were less than those at 207C (P<0.01).

(i) There was no sienificant differ

vields at incubation temperatures rang
. A <

20, %3 and 3670 were

N
fd e
},.J

g
-
}_.J-
@
=
7
oW
<t
)

o . -0 A
(P<0.01) those in the range 24-307C and

, 1 : O N T N
lower than that at 20°C (2<0.01).




(mg.)

WEIGHT PER  CULTURE

DRY

MEAN

{mg.)

CULTURE

DRY- WEIGHT PER

MEAN

30

20

30

20

(-]
HYMENOSTILBE R / \ /g
- -] \.

=]
-]
2
16 20 24 26 28 30 33 36
TEMPERATURE °C.
Ay
HYMENOSTILBE W, °
o
/ \o/
-]
1=}
® :
L
[ RE——
16 20 24 26 28 30 33 38

TEMPERATURE °cC.

Yield of Hymenostilbe R and Hymenostilbe W at 20 days
on & yeast extract (3%) - dextrose (1%) medium at
different incubation temperatures
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Relstive sporulation of

O
Q
{4_)
Q
i
[N
&
42}
o
)
‘m
[0

e A was not produced on

any of the incubation temperabtures tested.

t temperatures ranging

N L

~ulation occurred

[0

H
O
=
NS
O
o
O
N
(&
C

.

e given helow in

1 the corregponding sporula

of '?Pubﬂtieﬂ temperatures on the
o . A

ction of conidial state A

a

N

0

AN
O

Temperature °¢ 20 24 .26
J
orulation Index 10 100 5% 5% 20
|
t

Sporulation was max

to varying
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HYMENOSTILBE R

8 8 8 & & 3

MEAN DRY WEIGHT PER CULTURE (mg)
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MEAN DRY WEIGHT PER CULTURE {mg)
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30
DEXTROSE (%)

Yield of Hymenostilbe kX eand Hymenostilbe W et 20
days on & medium containing different concentrations
of yeast extract and dextrose
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the process of synnematal formation could be considered as

consisting of two phases, an initiation phase followed by an

of

nubtrients on each phase, and to illustrate the overall effect
of a nutrient, he advocated the following measurenments:-

(a) The total length of the gynnemata, to meagure the

N i B g o [ K me R I R QR 3
(pb) The number of synnemata, to measure the initiation

71 s . oy et ) Ead - . . . - o e Tzt
(¢) The mean length of synnemata, to measure the growth

media were prepared in 450 nl

and

in uweneral Frocedure. The plates

the end of each of the gix incub-
ation pericds (5, 2, 12, 16, 20, and 28 days) results were
lates chosen at randonm from each of the

recorded from three »

nin
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Pigure 19

HYMENOSTILBE R
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Figure RI

Hymenostilbe R

Hymenostilbe W

Cultural characters of Hymenostilbe R and Hymenostilbe W
at 28 days on a 3% yeast extract and 1% dextrose medium
(Two views of the same culture in each case)
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Pigure 22

Synnemata produced from a colony of
Hymenostilbe R at ten weeks on Difco

llycobiotic Agar
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(FMig.43«). However these synnemaba were distorted, often
accunulated in irregular clumps, and were produced in patches

at which time an occasional conidiophore of conidial sbate A
was produced from a few synnematal tips. The phialogpore
conidial sbtate was not observed.

(b) dncculation using standa

Theg

ment get

and dextro

made 1n each petri dish ag set oubt.in General Procedure.

re produced
partially submerged mycelium
(Fiz. 23b ). Synnematba
numerously, on a mediun

dextrose. Both low (1

inhibited syonenatal

—~ P - A ! 07 e oy i
sunerior to 1.5% veas

a produced conidial sbtate A

three synnemata were detected that had produced the phialospor

In this experiment the 15 W:ﬂ\ cultur@s on .75k veast

~trose,

O
L5

R i
extract and

were transferred to lab

¢

six davys incubation conidial state A

slopeg of the colony and on the Tips of some gynnemata in



Figure 43

Hymenostilbe B Synnemata on a 5%'yeast extract
6% dextrose medium at ten weeks (inoculated
by flooding)

L

Synnemate on colonies of Hymenostilbe R and
Hymenostilbe W at ten weeks on a 0,75%
yeast extract and &% dextrose medium

(the three colonies on the right sre H.R,

those on the left H.W)




Figure R4

()

Stimulation of synnematal production in
Hymenostilbe R by the presence of a
contaminent Fungus (Hymenostilbe K on the right)

(b

A phototrophic response displayed by
synnemata of Hymenostilbe W
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of Hymenostilbe

of 2 moribunc lerve

Hymenostilbe

vhal bodies
he emolymph
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SUMMARY

1. Aspects of the bionomics of Cecyropa setigera are presented

and compared where relevant to May's (1966) descriptive notes

on C. discors.

2. Evidence is presented showing that C.setigera usually has

gix larval instars but that individuals can pupate after five.

The head capsule widths of various instars were determined.

3. Aspects of oviposition, nutrition and behaviour are noted
and discussed. A list of natural enemies is presented.
of latvae

4. Factors affecting vertical distributionnin the soil are
considered. It is shown that first instar larvae are re-
stricted to the upper soil horizon and that larvae move
deeper into the soil with increasing age. It is suggested
that the downward movement is connected with the environmen-—
tal stability at the lower depths. The greatest number of

larvae occur at the 4 -~ 6" depth.
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5. The horizontal distribution of larvae is shown to be
clumped. An increase in larval population density occurs
at the higher elevations of the undulating sand plain. The
absence of larvae in the lower regions of the pasture is
thought to be conmected to the saturation of soil in these

areas due to the rise of the water table in winter.

6. There is a close association of C.setigera with pasture

flatweeds. Over the summer period flatweeds are the only
common green plant in the higher areas of the sand plain
pastures. As such they present a source of food and

moisture to the larvae of C.setigera without which they are

unlikely to survive. This assoclation is the basis of the

clumped distribution discovered.

7. Two entomogenous fungi were found on dead larvae and pupae

of C.setigera in the field. Both fungi possessed two disgtinct

conidial states. The morphology of these two conidial states
was similar in both fungi. One conidial state (conidial state 4A)
could not be placed in a genus but the other conidial state,
produced on synnemata in both fungi, could be placed in the genus

Hymenostilbe. One fungus was named HYmenostilbe R the other

Hymenostilbe W.
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8. An account is given of the morphology of the endosclerotia,
synnemata, and conidiagl states of the two fungi. The conidial
state A was similar in both fungi but H.R. and H.W could be

clearly separated on synnemata and phialide characteristics.

9. Taxonomy of the genus Hymenostilbe is discussed. An unsgtis—

factory delimitation of Hymenostilbe from form genera of close

affinity ig indicated. Both H.R and H.W display a close
association with Cordyceps aphodii. It is suggested that

H.R and H.W could be presented as new species of the genus

Hymenostilbe.

10. Both H.R and H.W were isolated to artificial culture.
The effect on growth and cultural characteristics of the
following variables was tested: media type, source of organic
nitrogen, temperature, pH, different nutrient levels of the
optimal source of organic nitrogen, and the effects of varying
concentratioms of this nitrogen source at different incubsgtion

periods.

11. Media and methodsare described whereby conidial state 4,
synnemata and the phialospoma conidial state were produced on
colonies of H.R and H.W in artificial culture. cultural
evidence has been presented whereby it can be stated that both
H.R and H.W possess two conidial states. The consgtant dif-
ference in cultural characters between H.R and H.W supports

theirtaxonomic discrimination.
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12. H.R and H.W display a close correlation in their

nutritional requirements with Hirsutella gigantea, another

host specific entomogenous fungi. A suggestion was
sdvanced that the nutritional requirements of H.R , H.W

and H.gigantea reflect a close adaptation to the composi-

tion of the body tissues of the insect host. The high
amino-gacid content of the haemolymph was thought to be of
particulér significance.

13. Attempts to fulfill Koch's postulates to prove the patho-

genicity of H.R and H,W to larvae of Cecyropa setigera were

unsuccessful.

Jle. Cross infection to other insect hosts was attempted

using an injected inoculum but none of the deaths could be
attributed either of the two fungi. Encapsulation of myceli-

al fragments wag noted in Pericoptus sp., Costelytra zealandis,

and Graphognath usg leucoloma.

1. The etiological events(%ollowing penetration in an undis-
covered mannep)were followed in H.W. The fungus proliferated
in the haemolymph in the form of hyphal bodies, that germinated
on death to produce penetrant filamentous hyphae.
16. It is considered that the primary factors affecting the
i the fielel

relationship of pathogen and hestﬂare the intermingled, clumped

of lavvae and pa‘H\asehs,
distribution,ef the survival ability of endosclerotia and the

dominant influence of soil moisture levels.
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APPENDIX 1

A. THE SAMPLING PROGRAMME

1. The Locality of Sampling Sites.

The sampling programme was conducted in two areas. The
first locality (A) from which the first ten samples were taken
was 14 miles inland along the Himatangi Beach - Himatangi road
(324773).1/ The second locality (B) from which sample eleven
was taken was 64 miles inland from Himatangi Beach along the
Himatangi - Palmerston North road (309850)°

The soil of locality A is classified as Hokie strongly
mottled sand while locality B was situated on soils of the
Himatangi - Foxton Association (Soil Bureau Bulletins 16 and
27)

In area A two plots were established. One plot was on a
flat area of the pasture immediately adjacent to the road. The
second plot was established 150 yards to the North and was chosen
to include a smzll hillock approximately four feet high. Each
plot measured 45 x 21 feet and was divided into eight sub-plots.
Bach sub-plot was further divided into sixteen sub-units. One
core was taken at random from one of the 16 sub-units in each of
the eight plots every sampling period (randomized numbers were
assigned to the grid pattern and used to determine position of
the core). Thus in each sampling trip, eight cores were taken
in a stratified random manner from within each of the two plots,
making sixteen cores in all. The number of cores in samples
eight to ten was extended to include a further 64 cores taken

every fifteen paces in several transects across the paddock.

1/ Map references from 'Soil Map of the Manawatu-Rangitikei Sand
Country, North Island, New Zealand. (Cowie et al 1967 - Soil
Bureau Bull 27)




Each transect was approximately 150 yards long and 40 yards apart.

2. Taking the Cores.

Soil cores were taken using a four inch diameter golf-hole
borer. Fach of the 16 cores of the two plots was taken at five
separate levels at 2", 4", 6", 10" and 14" but in the open field
cores of samples eight to ten, (i.e. the additional 64 cores)
single cores were taken to a depth of 14 inches. All cores or
sections of cores were transferred to plastic bags, labelled
and tightly closed with a wire pipe cleaner. They were subse-

guently removed to the laboratory.

3. The extraction process:

The method used was an adaptation of Salt and Hollicks
(1944) method for the extraction of wireworms in pasture.
It consisted of 4 distinect steps: (a) a sieving process to re-
move a large proportion of the sand (b) flotation of the
residue to remove the sand from the plant and animal material
(c) different wetting to separate plant material from the
insects (d) a search of the kerosene/salt solution interface

using a stereoscopic microscope on a swinging arm.

All soils cores, or sub-cores from different depths, were
sieved separately. Two garden sieves were used, one fitting
on top of the other. The upper sieve had a 6 gauge mesh
while the bottom sieve possessed a 32 gauge mesh (brass wire).
The bottom sieve was sealed around the inner bottom edge with
fibre glass to prevent larvae being lodged between the wood

and the wire mesh.




The soil was placed on the upper mesh of the two gslieves
and washed through to the sieve below using a jet of water
from a garden hose. This process separated the coarse
organic matter from the sample. The top sieve was then re-
moved and the boittom sieve containing water, sand and organic
material transferred to a 44 gallon drum full of water. Here
the sieve was rotated gently while semi-submerged in the water.

Wwater was not allowed to slop over the edge of the sieve or any
material to float out.

This process of gentle rotation caused the sand to’wash
through the mesh leaving behind the organic matter and insects.
The organic material was then brought to a point at the edge
of the sieve by rotating the sieve on an angle and then tipped
out into plastic bhowls approximately 6" in diameter and 5" deep.
The residue was washed from the sieve into the bowl using a small
guantity of a 20% MgS04 (W/V) salt solution.

411 samples were subjected to this process. The bowls con-
taining the organic matter residue were removed to the lab and
filled to within 14" from the top with the salt solutionabove,The
high specific gravity of the salt solution flcated both insects
and plant material up to the surface, At
this stage a & ~ 1" depth of kerosene was poured into the bowl.
This kerosene iay in a layer on the top of the salt solution.
The whole mixture was now stirred vigorously for approximately
15 seconds. Arthropod cuticle is wetted by kerosene whereas
plant material lacking the lipoid arthropod cuticle is not.
Consequently, following this process the insects were now lying

(o]
on topnthe salt solution free of the organic material.




Toliowing this process of cifferentisl wetting the contents

of the bowl were exsmined through & stereoscopic microscope and
£ the salt solution/kerosene

insects picked off the sur

rface using a Tine pair of tweezers. Specimens were placed
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into Carnoy's fluid which dig
same time acted =g » fixstive. Head capsule widths of larvae
errence to 7H% alcohol

thig steage before transt

This method proved setisfactory for the guantitestive

recovery of Cecyropa lavvee from sand samples bul wss not

suitable for the cguantitative recovery of endosclerotia of

,,)

H.k and H,W since the synnemats became entenglec in the orgsnic

metter beneath the salt solution/kervosene interface., In g briefl

Q)
=

to agsegg sccuracy of the method, preserved larvae were

[
v}

tri
mixed in with previously sieved sand samoles to which a quantlty

]

of sieved orgenie metter had been added., The send ssmples were

of 2 size equivalent to & normel send core taken from the field
to a depth of 14 inchesg. Two trlals were conducted in which
20 first inster larvee, 20 third snd fourth instsr larvee

and 20 fourth and fifth lnster larvee were sdded. 1o the first
trial 14, 19, 19 larvae were recovered and in the second 16,
18, 20 were recovered. This gave =n overall accuracy of 87%

and 90¢% in the two trials.



TABLE | Freqpency'distribution of larval head capsule widths
over eleven samples

[ r Sample Number

HCW.*f 1 2 3 4 5 6 T 8 9 10 H Sum
11 1 1 4 6
11.5 1 1 12 2 12 28
12 1 1 27 1 16 46
12.5 1 8 11 20
13 1 1 2 4 10 18
13.5 1 1 1 1 2 6
14 1 2 2 1 6 1 4 17
14 .5 2 13 15
15 1 2 1 6 3 10 24
15.5 1 1 1 2 2 7
16 1 1 2 1 1 7 13
16.5 3 7 10
17 2 1 1 2 1 2 8 17
18 3 1 2 1 3 3 1 2 10 26
19 1 2 2 5
20 2 1 2 3 4 1 8 21
21 4 1 2 4 5 16
22 2 4 4 3 1 3 6 23
23 2 1 2 3 1 2 3 14
24 1 3 1 5 4 3 5 8 32
25 4 4 2 1 2 2 2 2 3 3 25
26 1 1 2 1 1 2 1 1 1 12
27 3 1 1 2 2 i 10
28 6 6 2 5 1 2 10 6 1 41
29 4 2 1 1 1 3 4 4 1 21
30 1 2 4 3 10
31 2 1 1 2 1 8
32 1 1 2
Sum 37 35 7 18 12 29 14 39 101 46 154 493

# All head capsule widths in micrometer eyepiece divisions
(100 div. equals 2.56 mm).
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LZATTON OF LAZBORA

Digtiiled wate
volume of preparati
Unless otherwise gt
for 20 minutes immedi

G\/
1 flasks or

pemt b
o S

£

in 250-ml

{a) Fotato-Dextrose

agar

potatoes ( =¥ 200zm
lextrose 10em
water 1.000m1L

+the gliced potatoes were cooked gently for one hour in 500ml of
water and the filtrate oblalued after straining the mixbure
through cheegecloth. Agar was melted in 500ml of water, dextrose
added and then the btwo sclutlons combined.

(b) Carrot Agar

agar 12gm
carrot root Juice 200m1
water 00ml
Four large carrots were put through a Braun Jjulce extractorn
and a filtered extract of carrot obtained. This, plus dissolved

agar, was added to bhe water.

(¢) Cornmesl Agpar

agar 17gm
cornmeal 20gm

water 1000m1

The cornneal was cooked for one hour by placin 1
f water, in a simme
e
&

818
-0
=Y

the cornmeal sugpended in 500ml of )
bath. ‘'he cooked cornmeal was filtered through cheesecloth and
the filtrate added to 500ml of water in which the agar wag dissolved.

>

(d) Potato-Carrot Apar (Lab PCA)

agar V 1Zzm

carrot 20gm

potato 20gm

wate 1000ml
The potato and carrot were cooked gently for an hour in 50@&1
of water snd the procedure for Lab FDA followed ewcept that no
dexbtrose wasg added.
(e) Btarch Acar

oxoid nutrient agar 28gm

starch 20gm

water 1000m1

The starch was added to the owoid nutrient agar before autoclaving.
(f) Vater Arar

agar 1z2gm

water 1000ml

+

The sgar was dissolved in hot water before aubtoclaving.




TABLE | Dry weight (mg) per colony of Hymenostilbe R at 20 days on various media
Yield Treatment
Media dry weight/colony (mg) Sum  No. Mean
Lab. PDA 19.89 2h.76 20,16 22,18 23.53 21.05 131,57 6 21,93
Difco Sab. Dextrose 6,94 7.69 7.7k 7.35 7,59 8.83 LT 6  7.69
Difco Br. Heart Inf. 9.67 5.00 8.00 L,k 5.83 33.24 5 6.65
Lab. Carrot 5.27 L,16 L, b9 L, 60 L, 26 22,78 5 4,65
Difco Mycobiotic 3.79 L,26 4,39 3486 b,50 2.80 3,94 L.kl 3,57 L.,4O0 L0o.92 10 4,09
Difco Sab. Maltose 327 3098 388 3.88 2.6L L4,38 23,03 6  3.84
Difco Beef Lactose 323 2.10 2.h2 2.53 2,82 1%.10 5 2,62
Lab. Cornmeal 1.62 3,10 3.15 1.62 9.49 L 2,37
Difco PDA 2.4k 2.00 1,98 2.24 1.90 2.67 13,23 6 2.21
Lab. PCA 2.12 2611 2,36 2.43 2,30 1.96 13.28 6 2.21
Oxoid T.G.Y.E. 2.11 1.75 3478 1.14 1.54  2.54 12.86 6 2.14
Oxoid Milk 1.74 3.00 1.37 1.56 1.08  1.38 10,13 6 1.69
Oxoid PDA 1.64 1.64 1.41 1.51 6.20 L 1,55
Oxoid Tryptone Soya 1.08 2.00 1.68 0.89 5,65 Loo1.4y
Difco Malt 1.35 1.30 1. 46 1l.52 le23 1.72 1l.24 9.82 7 1.hO
Difco Prune 0.82 0.87 0.72 0,89 3. 30 L 0,82
Oxoid Nutrient 0.43 0.5k 0.64 0,85 0.31 0,20 3.02 6 0,50
Oxoid Czapek Dox 0.37 0.36 O.b1 O.h1 .26 0.35 2.16 6 0,36
Oxoid Tomato Juice 0.37 0,38 0. b1 0.11 0.11 0,11 1.49 6 0,25
Labe. Starch 0.20 0.30 0.10 0,20 0.20 0.25 0.15 0.20 1.60 8 0.20
Lab, Water (0,05)* (0,05) (0.05) (0.05) 0.20 L 0,05
403,21 120

Analysis of Variance.

Source defe S.S, M.5, F test

Media 20 2,559 133 208%*

Error 96 61 0.64

Total 116 2,720
Comparison between means. !
A1l mean differences less than 1.39 are not significant (P0.05).
A11 mean differences greater than 2.07 are significant (P0.05).
The significance of mean differences at intermediate values nust be determined individually.
*Individual colony weights could not be determined accurately because of the limitations of the balance. In such

cases error was minimised by weighing all colonies together and entering the average individual weight (bracketed)

in the body of the table.




TABLE 2 Dry

weight (mg) ver colony of Hymenostilbe W at 20 days on various media

Yield Treatment
Media dry weight/colony (mg) Sum No. Mean
Lab. PDA 8.79 6.63 L, 52 L,06 8.19 8,24 Lo, 43 6  6.74
Lab, Carrot 4,31 4,31 3. 44 4,05 5.61 21.72 5 L,3%2
Difco Sab. Maltose %.16 2.97 3.78 2,62 L,15 3,69 21.37 6 3.56
Difco Sab. Dextrose L,92 3.26 2.55 3,00 2.65 16.38 5 3,28
Difco PDA 2.78 2,64 2,93 3e 36 1.91 14,62 5 2,92
Difco Br. Heart Inf. 2,15 3651 3430 2.69 2.00 13.65 5  2.73
Difco Mycobiotic 2.67 2.95 2.91 2.h6 2.83 2.3 3,14 2,12 2,40 2,00 25.84 10 2.58
Oxo0id Tomato Juice 1.63 1.80 2.00 1.53 1.76  1.15 1.61 11.48 7 1.6H
Oxoid PDA 1.61 1.38 1.45 L L 3 1.48
Lab. Cornmeal 1.67 0.97 1.00 1.76 5,40 L 1.35
Difco Malt 1.15 1.08 0.91 0.81 1.04 1,00 0.92 0.84 7.75 8 0,97
Difco Beef Lactose 1.10 0.76 0. 40 0.63% 0.b9 0.46 3,84 6 0.64
Oxoid Milk 0.67 0.67 0,70 0.38 0.57 0,74 0.61 0.61 L,95 8 0.62
Oxoid Tryptone Soya 0,20 0.50 0.66 ‘ 1.36 3 Q.45
Oxoid T.G.Y.E, 0.48 0.67 0.59 0,27 0.20 2.21 5  0.44
Lab. PCA (0.37)  (0.37) (0.37) (0.37) (0.37) (0.37)(0.37) 2.59 7 0.37
Oxoid Nutrient 0.50 0.22 0.22 0.47 0.3%2 1.73 5 0.35
Difco Prune (0.24)  (0.2L) (0.24) (0.24) 0.96 L 0.24
Oxoid Czapek Dox (Col2)  (0.12) (0.12) (0,12) (0.12) (0.12) 0.72 6 0.12
Lab. Starch (0,06) (0.06) (0,06) (0,06) (0.06) (0.06)(0.06)(0.06) 0.48 8 0.06
Lab. Water (0.02)  (0.,02) (0.02) (0,02) (0.02) (0.,02)(0,02) 0.14 7 0,02
201.82 123

Analysis of Variance.

Source defe S.5, TeSs P test

Media 20 29k 1507 12.89**

Error 75 102 1.14

Total 95 396

Comparison between mea

ns.

A1l mean differences less than 1.88 are not significant (P0.05).

All mean differences greater than 2.61 are significant (P0.05).

The significance of mean differences at intermediate values must be determined individually.




TABLE 3 Dry weight (mg) per colony of Hymenostilbe R at 16 days on a
basal dextrose (1%) medium containing various natural supplements (1.5%)

Yield Treatment
Supplements Dry weight/colony (mg) Sum No, Mean
Difco Yeast Extract 11,07 10.20 13.49 15.49 15,07 11.70 9.43 86.45 7 12.35
Difco Bacto Tryptone 6.94 6,21 9,09 10.08 8.26 7.85 9.03 57.46 7 8,21
Oxoid Mycological Peptone 5.91 5.69 6.49 5,10 6,26 6,19 7.4 5.82 48,87 8 6,11
Difco Proteose Peptone 7,04 L,71  6.33  L,72 4,72 6.5k b, 06 6 5,68
Oxoid Soya Peptone L7 3,99 4,17  L4L,36 4,00 3.%2 4L.21 4,87 33,69 8 L,21
Oxoid Liver Broth 3.09  L.72  L,31 L,91  3.98 2.62 23,63 6 3,94
Difco Bacto Peptone 2.8% 3,10 3,49 L,50 3,0 3,08 20,0 6 3.k
Difco Neopeptone 1,19 1.79 1,07 1,19 2.86 2,52 1.60 12,22 7 1,75
316,78 55
Analysis of Variance.
Source dofo S.S, M.S. F test
Supplement 7 531 75.9 1S o ¥ #
Error Ly 7% 1.55
Total Eﬂ 6ok

Comparison between means.

A1l mean differences less than 1.98 are not significant (P0.05).
A11 mean differences greater than 2,28 are significant (P0.05).
The significance of mean differences at intermediate values must be determined individually.




TABLE 4 Dry weight (mg) per colony of Hymenostilbe W at 16 days on a
basal dextrose (1%) medium containing various natural supplements (1.5%)

Yield Treatment
Supplements Dry weight/colony (mg) Sum No. Mean
Difco Yeast Extract 7,97  7.b2  8.86 9.61 9.32 7.76 8.88 50,82 7 8.55
Difco Bacto Tryptone 9,02 6,00 4,13 5,45 5,24  L,62 5,46 39,92 7 5,70
Oxoid Liver Broth 3.51  3.12  3.26 2.83 2.71 3.20 18,63 6 3,10
Difco Proteose Peptone 2.73 3,63 2,30 3,18 2.80 2.32 3,28 2.84 23,08 8 2.88
Oxoid Mycological Peptone 2,85 2.78 2.55 2.78 2.45 2,66 2.39 18.46 7 2,64
Oxoid Soya Peptone 2.61 2.20 1.43 1.68 1.78 2.20 11,90 6 1.98
Oxoid Neopeptone 0.62 0.72 0.75 0.69 0,70 0.81 0,80 0.86 5,95 8 0.74
Difco Bacto Peptone O.44 0.60 0.55 0.55 0.33 2.47 5 0,49
| 180,23 5k
Analysis of Variance,
Source defe S.S. M.S. F test
Supplements 7 275 39,3 20,8%*
Error L6 87 1.89
Total 53 362

Comparison between means.

A1l mean differences less than 2.19 are not significant (P0.05),
411 mean differences greater than 2,52 are significant (P0.05).
The significance of mean differences at intermediate values must be determined individually.




TABLE % Dry weight (mg) per colony of Hymenostilbe R at 20 days on a
vyeast extract (3%) - Dextrose (1%) medium at different hydrogen ion concentrations
Yield Treatment
pH Dry weight/colony (mg) Sum No. Mean
3.0 (0.07) (0,07) (0.07) (0.07) (0.07) (0.07) (0.07) 0.49 7 0.07
4,0 (0.07) (0.07) (0,07) (0.07) (0.07) (0.07) (0.07) (0.07) 0.54 8 0.07
L.5 (0.06) (0.,06) (0,06) (0,06) (0.06) (0.06) (0.06) (0.06) o.k6 8 0.06
5.0 (0,06) (0,06) (0.06) (0,06) (0.06) (0.06) 0.30 5 0,06
5.5 15.83 16,66 21,49 17.65 19.89 17.48 16.00 15.65 140,65 8 17.58
5,8 26,37 18,63 17,34 12,55 12,30 22.05 18.89 20.98 149,11 8 18.64
6,35 14,08 18,37  19.28 16,76 1L.48 20,16  17.27 121.26 7 17.32
6.7 16.05 13,34 12,4h2 13,15 13,5 24,22 92.74 6 15,46
6.8(control) 27.70 18,52 2L.66 18.3% 18.19 23.10 130,50 6 21.75
6.9 19.18  17.56 17.78 18.24 15,00 12.81 17.49 118.06 7 16.87
7ok 19.09 16,86 14,96 14,86 13,16 13,11 16.69 11.22 119.95 8 14,99
79 7.87 9.49 6,06 7.45 3.52 L, 84 39.32 6 6,56
8.5 3,70 5,27 2,80 3,99 5.13 4,81 2038 3,57 L,63 3,25 39,53 10 3,96
952.91 9k ‘
Analysis of Variance.
Source defe S.8. M.S. F test
pH 12 6,062 505,17 57, k%
Error 57 502 8.81
Total 69 6,56k

Comparison between means.

A1l mean differences less than 4.87 are not significant (P0.05).
A1l mean differences greater than 6.21 are significant (P0.05).
The significance of mean differences at intermediate values must be determined individually.




TABLE 6 Dry weight (mg) per colony of Hymenostilbe W at 20 days on a

yeast extract (3%) - Dextrose (1%) medium at different hydrogen ion concentrations

Yield Treatment
pH Dry weight/colony (mg) Sum No, Mean
3.0 (0.05) (0.05) (0.05) (0.05) (0.05) (0,05) (0.05) 0.35 7 0,05
4,0 (0.12) (0.12) (0.12) (0.12) (0.,12) (0.12) 0.72 6 0.12
4,5 4,00 3,11 1,64 2.92 5,03 3.80 20,50 6 3,42
5.0 11.28 5.91 8.53 6.4 7,02 8. 42 k.57 6 7.91
5.5 19.06 10.34 12,34 14,66 18.94 1k 4L 17,71 107.49 7 15,36
5.8 14,71 9,52 18.33 15,69 13,08 12.44 15.22 9.51 108,50 8 13,57
6.35 13,71 14,13 12,21 10.89 10.50 11.72 73,16 6 12,19
6.7 14,35 9.13 11,08 15.57 11.51 1k.26 75,90 6 12,65
6,8(control) 15,43 25,72 16,41 20.24 16,77 18.77 113.34 6 18,89
6.9 17,34 13,53 14,89 12,75 12.56 9,90 18.08 13.27 112.32 8 1h4,0b
7.4 14,80 14,58 16,24 15,87 15.19 18.19 13,00 16.02 123,89 8 15,49
7.9 9,74 11.55 10,40 .78 Ly, 47 b 10,37
8.5 7033 6,24 5,38 6,76 6,58 7,88 6,84 70 bl sh,45 8 6,81
379.66 86

Analysis of Variance.

Source defe S.S. M.S. F test

pH 12 2,862 238.5 L3 7%*

Error 62 zho 5.52

Total 7k 3,204

Comparison between means.

A1l mean differences less than 4.06 are not significant (P0.05).
All mean differences greater than 5,25 are significant (P0.05).
The significance of mean differences at intermediate values must be determined individually.




TABLE 7 Dry weight (mg) per colony of Hymenostilbe R at 20 days on a

veast extract (3%) - Dextrose (1%) medium at varying incubation temperatures

Yield Treatment
Temperature Dry weight/colony (mg) Sum Mean
16°%¢ 1.81 1.48 1.93 1.89 1.65 2.1k 10.90 1.82
zogc 14.b2 10,36 13.02 1h.42 13.72 10,4k 76,38 12,73
2400 30,61 5752 35,00 32.50 3,14 2k,19 193,96 %2032
2600 Lo, 37 31.19 I1.85 29.65 32.94 L1,.23 217.23 36,20
2800 335,71 31.19 26,38 %2, 34 38,67 31,19 193,48 32.25
30 C 4L L2 43,85 286,90 37.14 23,45 32,17 210.4L7 35,08
33.C 23.b7 b, 74 31.81 35.61 31.40 38,40 195,43 32.26
26 °C 1.15 0.82 0.05 0,06 0.07 0.04 2.19 0.36
189,96 191.15 178.45 183,61 176.04 180,34 1,100.04
Analysis of Variance.
Source d.f 5.8, M. S, F test
Temperature 7 9,905 1,981 b, Lg**
Error Lo 839 20.97
Total Ly 10,744
Comparison between means.
D0.05 = 8.46
D0.01 = 10.08




TABLE ¥ Dry weight (mg) per colony of Hymenostilbe W at 20 days on a

veast extract (3%) - Dextrose (1%) medium at varying incubation temperatures

Yield Treatment
Temperature Dry weight/colony (mg) Sum Mean
L
1
| 1620 3,25 3.3k 4,53 L, ok 4,98 L, 48 25,46 L2k
. 20C 11.91 16,51 7,45 13,12 12.61 18,50 80,10  13.35
| 2400 29.10 32,16 23.13 25,21 21.84 31.66 163,10 27,18
‘ 26°C 25,32 40,30 26,43 26,87 24,84 35.22 178,98 29.83
i 2820 28,1k 29,63 25,86 31.13 28.L45 29,05 172.26 28,71
. 300 32,70 27.59 33.87 25,9k 37.19 30.11 187.40  31.23
! 33 C 0.48 0,30 0.26 0.12 0.16 0.1k 1.46 0.24
S 36C (0.03)  (0.,03)  (0.03)  (0.03)  (0.03)  (0.03) 0,18 0.03
j 130,93 149,86 121,56 127,36 130,10 149.13 808.9k4 :
, ¢
Analysis of Variance.
Source dofe 8,5, M.S, I test
Temperature 7 8,115 1159.3 Bl Ll
Error 35 481 13.74
Total b2 3,596
Comparison hetween means.
D0.05 = 6,83
D0.01 = 8,14




TABLE 9 - Dry weight (mg) per colony of Hymenostilbe R at 20 days on a
medium containing varying concentrations of yeast extract and dextrose

Factors: yeast extract concentrations (5) x dextrose concentrations (5);
6 culture replications

Yield Treatment

Yeast Bxtract Dextrose Dry weight/colony (mg) Sum Mean
0% (0.06)  (0.06)  (0.06)  (0.06)  (0.06)  (0.,06) 0.36 0,06

1% 0,63 0. 48 0.68 0.70 0,66 0.63 2.78 0.63

0% 3% 0.70 0.58 0.62 0.83 0.69 0.78 L, 20 0,70
6% 0.57 O, b1 0.62 0.53 0.60 C.55 2,28 0.55

9% 0.27 0,20 0433 0.27 0,27 0.27 1.61 0.27

0% 2,20 1.86 2,00 1.72 1.83 2.03 11.64 144

1% 12.58 11.87 15,30 16.84 15.75 11.82 84,16 14,03

0.75% 2% 17.22 19.00 20.39 16,43 19,76 19.00 111.80 18.63
6% 17.37 17.86 17,60 15.93 16.87 17.51 103.14 17.19
9% 12.21 18,33 11.16 16.06 14,21 14,50 86,47 14,41

0% 3.66 L,15 3,68 L, 2L 2,85 %.38 21.96 Z.66

1% 22,00 2L, ol 21,28 18.94 2k, 00 22.16 133,32 22.22

1.5% 3% 24,16 28,12 26,14 43,06 29,44 28.18 190,00 31.66
6% 21.36 29,39 31,10 2L, 17 33458 26,86 176,46 29.141

9% 24,96 19.09 28,84 26.23% 19.29 23,59 142,00 23,67

0% 6.29 7632 8.03 6,31 10.49 7.58 Ls,02 7.67

1% 26,37 18,96 25,62 21.38 22,51 20,10 134,94 22.49

3.0% 3% L4, b3 Lo, 54 46,45 47,55 Lg,00 L8, 5L 276.51 46,09
6% Lg, 27 60,07 56.92 39.20 Ls5,38 46,00 296.84 Lo, Ly

% 53,15 41,58 37,10 48,26 3h,7h k2,99 257.82 b2,97

0% 21.50 15.50 15.52 13,78 16.48 13.22 96,00 16.00

: 1% Lo,52 36439 35,85 30.05 LL,59 33459 220,99 36.83

6.0% 2% L2,75 54,53 32.24 Ly ,Lo 34,82 36410 241,84 Lo, 31
6% Lo,.73 30,86 39,77 Lo,16 35,02 Lo.73 227.28 37.88

9% 27.57 18,12 7. 45 14,53 21.00 10.76 99.43 16,57

522.5% 500,21 Lok, 75 489,53 193,90 470,93 2,971.85

Continuedecocococecs




TABLE 9 Continuedeeeecoscoss

Analysis of Variance,

Source

Yeast BExtract (Y.E.)
Dextrose (D.)
Interaction (D.xY.E.)
Error

Total

Comparison between means.

Both dextrose and yeast extract

S.8.

21,357
9,117
6,145
1,97k

38,593

Dextrose x yeast extract

M.5,

5,339
2,279

384
16,45

DO.05
DO.01

DO.05
DO.01

o

fin

2.94
3653

8.48
2.80

P test

2L, 56%*
138, 5h**
23"3[4_4«*




TABLE 0

Dry weight (mg) per colony of Hymenostilbe W at 20 days on a

medium containing varying concentrations of yeast extract and dextrose

Factors: yeast extract concentrations (5) x dextrose concentrations (5);
6 replications
Vield Treatment
Yeast Extract Dextrose Dry weight/colony (mg) Sum Mean
0% (0.02) (0.02) (0.02) (0.02) (0.02) (0.02) 0,12 0,02
1% (0,11) (0,11) (0.11) (0.11) (0.11) (0.11) 0,66 0.11
0% 3% (0o1h) (0o1ly) (0o14) (0.14) (0.14) (0.14) 0.8k 0.1k
6% (0.05) (0.05) (0.05) (0.05) (0.05) (0.05) 0.30 0.05
9% (0.06) (0,06) (0,06) (0.06) (0.06) (0.06) 0.36 0.06
0% 2.05 2,51 1.88 2.45 2,00 2.4 13.3% 2.22
1% 10.91 13,55 10,80 14,46 11,07 12,21 73,00 12,16
0.75% %% 17,00 14,69 16.70 12,60 19.39 16,00 96,38 16.06
6% 13,51 12.07 13,21 12,15 14,59 10,51 76,04 12,67
9% 12.76 6.23 6,92 5.64 17.07 7.83% 56,45 9.42
0% 3028 L,00 3.23 2.41 3.70 3,36 19.98 2.33
1% 16,41 14,18 16,60 19.19 20,28 16.14 102,80 17.13
1.5% 3% 27.26 21.11 19.16 22,70 2L, b2 26,48 141,13 23,52
% 17.71 16.56 22.69 15,45 18.33 19.12 109.86 18,31
9% 13.55 10.29 15.07 6.50 11.65 9.55 66.61 11.10
0% 5,68 5.19 L,02 5,51 L,53 3,01 28,56 4,76
1% 15.45 15.30 13.24 12,54 18.00 17.33 91,86 15,31
3.0% 2% 25.75 29,70 28,45 28.82 23.90 30,56 167,18 27.86
6% 35438 31,39 31,27 36,29 23,47 33,47 191.27 31.68
9% 23,46 22,14 23,43 18,52 22,15 31,00 140,70 23,45
0% 6.55 4,65 5,00 6,40 L,97 6.35 33,96 5.66
1% 26,00 15.04 15,34 17.28 18.92 21.00 113.58 18.93
6.0% 3% 14,33 20,88 19.32 22,68 16,89 13.89 107.99 18.00
6% 23,11 25,27 18.50 20,09 21,50 24,07 132,54 22,09
9% 3.11 4,10 L,97 k.90 5,20 2.26 2L, 5k L,09
313,64 289.23 290,18 287,00 302.23 307,76 1,790.0k4

Continuedssocesascen




TABLE [Q Continuedeecceccoes

Analysis of Variance,

Source defa 5.5, M. S, I' test
Yeast Extract (Y.E.) b 6,885 1,721 223, 5%
Dextrose (D.) b L oLl 1,011 131 3%*
. Interaction (D.xY.E.) 16 2,455 153.4 19.92%*
Error 100 770 770
Total 124 14,154
Comparison between means.
Both dextrose and yeast extract DO.C5 = 2.00
D0.01 = 2.42
Dextrose x yeast extract D0.05 = 5.27
D0.01 = 5.98




TABLE n

Growth response of Hymenostilbe R to varying concentrations

of yeast extract and dextrose at different incubation periods

Factors: incubation periods (6) x dextrose concentrations (3) x

yeast extract concentrations (3); 3 replications

Yield Treatment

Days Dextrose Yeast Extract Dry weight/colony (mg) Sum Mean
. 0.72% 0,32 0.35 0.33 1.00 0,33

1% 1.5% 0.31 0.21 0.23 0.75 0.25

3.0% 0,23 0.16 0.23 0.62 0.21

0.75% 0.28 0.24 0.33 0.85 0.28
5 2.47% 1.5% 0.23 0.29 0.20 0.72 0.24
2,0% 0.24 0.23 0.20 0.67 0.22

0675% 0.18 0,15 0,20 0.53 C.18

6% 1.5% 0.30 0.28 0.29 0.87 0,29

%,0% 0.19 0.15 0.21 0.55 0.18

0.72% 0.98 0.84 1.12 2.94 0.98
1% 1.5% 0.72 0.67 0.85 2.24 0,72

%.0% 0.65 0,51 0.63 1.79 0.60

0.75% 0,86 1.1k 0.91 2.91 0,97

8 2.47% 1.5% 0.82 0.74 Q.74 2.30 0.77
3.0% 0.80 0.72 0.76 2.28 0.76

0.75% 0.68 0.59 0.56 1.83 0.61

6.0% 1.5% 0.97 0.97 0.86 2,77 0.92

3, 0% 0.52 0.49 0.38 1.3%9 O.h6
1 N A Toi6 G

70 o /0 o e ° 1 e 3.5

%, 0% 3.32 5,14 4,65 13,11 L, 37

0.75% L.21 .01 3o 45 11,07 %.69

12 2. 47% 1.5% 3,70 2,50 h,10 11.30 3,77
%.0% 5.51 L, 57 L,63 14,71 L,90

0.75% 1.93 1.53 1.81 5.27 1.76

6% 1.5% L, 28 %.59 L,08 11.95 3.98

3.0% %.55 3,03 LR 10.00 3,33

) 0'74% 10.34 2,98 10.22 20,69 10.23%

1% 1.5% 9.09 .57 7 25.50 8.50

%,0% 1h4,59 10. 44 15,03 Lo, 06 1%.35

0.75% 7.91 8.56 7.29 23,76 7.92

16 2. 47% 1.5% 13,79 14.29 12.36 Lo, ik 13.48
%,0% 16,15 19.03% 1442 49,60 16.53%

Continuedescacoone




TABLE I Continuedecoces

0.75% 6.99 7.57 6.74 21.30 7.10
6% 1.5% 14,24 12.69 13.74 Lo,67 13.56
%,0% 13.56 11.90 9,47 34,93 11.64
0.75% 12.79 13,50 11.41 3770 12.57
1% 1.5% 13,19 15,21 12.99 41,39 13,80
2.0% 23,98 20,2k 17.54 61.76 20.59
0.75% 21.45 19.17 18,09 58.71 19.57
20 2. h79% 1.5% 26.52 25,84 27.59 79.95 26,65
3,0% 32,62 29,70 30,83 93,15 31.05
0.75% 14,36 16.09 1k.32 Lk 77 14,92
6% 1.5% 32492 30.86 27.49 91.27 30042
%,0% 21.49 38,20 28.84 108.53 36,18
0.75% 22.70 22.97 23,83 69,50 23.17
1% 1.5% 31.09 27,45 26.77 85,31 28. 44
3,0% 46,3k 45,99 L7.50 139.83 ke.61
0.75% 35,66 36,45 Lo,39 112.59 37.53
28 2. k7% 1.5% L5,37 Lg,728 50.62 141,77 L7, 26
3.0% 63,53 56473 60,37 180.63 60.21
0.75% 50.61 2,25 k2,83 135,69 L5,23%
6% 1.5% 89.81 90,97 89.80 270,08 90,03
%,0% 109,26 91.71 100,45 301,42 100,47
853,01 811,93 821,09 2,536,000
Analysis of Variance.
Source dofe S.S8, M.S. Ftest
Days 5 56,282 11,256,0 3,002, 3%*
Dextrose 2 2,398 1,199.0 329, L *
Yeast Extract (Y.E.) 2 2,195 1,097.5 301.5%*
Days x Dextrose 10 8,118 811,.8 223,0%*
Days x Y.E, 10 3,890 389.0 106,9%*
Dextrose x Y.E. L 611 152.7 by, g95%*
Days x Dextrose x Y.E, 20 1,42k 121.2 33,29%*
Error 108 393 3.6L
Total 161 75,311
Comparison between means.
Days D0.05 = 1.48
DO.OL = 1.7h4
Dextrose and Yeast Extract D0L.O5 = 0,83
D0,01 = 1.0%
Days x Dextrose and Days x Y.E, DO.05 = 3.22
D0.OL = 3,69
Yeast Extract x Dextrose D005 = 2,01
DO,01 = 2.35
Days x Dextrose x Yeast Extract D005 = 6.31
D0.01 = 6,60




TABLE (d Growth response of Hymenostilbe W to varying concentrations
of yeast extract and dextrose at different incubation periods
Factors: incubation periods (6) x dextrose concentrations (3) x
yeast extract concentrations (3); 3 replications
Yield Treatment

Days Dextrose Yeast Extract Dry weigﬁ%7€310ny (mg) Sum Mean
0.75% 0.2k 0.21 0.23 0.68 0.23
1% 1.5% 0.20 0.24 0.25 0.69 0.23
3.0% 0.20 0.22 0,26 0.668 0.23
0.75% 0.12 0.17 0,10 0.39 0.13
5 2. 47% 1.5% 0.18 0.19 0,18 0.55 0.18
3.0% 0.15 O.14 0.16 0,45 0,15
0.75% 0.17 O.14 O.1k4 C.b5 0.15
6% 1.5% 0.19 0.23 0,15 0.57 0,19
3.0% 0.15 0,17 0.15 0.7 0,16
0.75% 0.56 0.48 0.57 1.61 0. 54
1% 1.5% 0.86 0.78 0.84 2.48 0.83
3.,0% 0.77 0.61 0,90 2,28 0,76
0.75% 0.61 0.65 0. L8 1.74 0.58
8 2 b7% 1.5% 0.85 C.79 0.76 2.39 0.80
3.0% 0.94 0,86 0,89 2.69 0,90
0.75% 0.49 0.51 0.56 1.56 0.52
6% 1.5% 0.46 0.k2 0.55 1.43 0.48
%.0% 1.10 0.7% 0.54 2.37 0.79
0.75% 3,06 3,21 %.09 9.36 3,12
1% 1.5% 2,48 3.98 2,05 10.51 %450
3. 0% 5,01 2%.83 4,80 13,64 4,55
0.75% L,okL 3,97 L ok 12,05 L,o2
12 2.L7% 1.5% 3.62 3652 2.86 10,00 335
3.0% L, 33 5,15 5.57 15,05 5,02
0.75% 1.90 1.85 1.66 5.41 1.80
6% 1,5% 2,89 2.50 3,30 8.69 2.90
3.0% L, ko 5.65 5.20 15,34 5.10
0.75% 7.12 7430 6.70 21.12 7.0k
1% 1.5% 9. b2 7.60 8.66 25,68 8.56
3.0% 10.72 10.93% 11.83 3%, 48 11,16
0.75% 8,07 §.72 9,91 26,70 890
16 2.b7% 15% 11.32 11.72 1k,22 37,26 12.k2
3.0% 17.83 18,18 15.82 51.83 17.28
0.75% 5.87 5033 L, 95 16,15 5.38
6% 1.5% 10,06 10,08 8.15 28,29 9.43%
2.0% 16,00 19.00 18,66 53466 17.88

Ceantinued. . . ..




TABLE | Continuedoeesss

0.75% 10,77 8,07 9.83% 28,67 9,56
1% 1.5% 10,02 12.15 10.88 33,05 11.02
3.0% 16,17 18.01 21.40 55,58 18.53
0.75% 13,75 15,834 17.52 7,11 15,70
20 20479 1.5% 19,79 25,26 26,72 71,77 23.92
%,0% 32.39 27,45 2L ,63 84,47 28,16
0.75% 13,98 15.62 15,46 45,06 15.02
6% 1.5% 28,46 15,07 24,38 67.91 22,64
%,0% L6,02 1,11 k2,90 130,03 43,34
0.75% 15,77 14,70 14,11 Lk, 58 14,86
1% 1.5% 21.5% 17.70 23.30 62,53 20,84
3,0% 36,93 37.15 33,92 108.00 26,00
0.75% 28,23 25,59 29.58 83,40 27,80
28 2. 47% 1.5% Ly, 97 38,04 Lo, 96 120,97 Lo,00
3, 0% 52437 L8, 81 48,29 149,47 Lo, 82
0.75% 55.18 53,69 65,36 17b,23 58.08
6% 1.5% 65,10 68,37 61,76 195,23 65,08
3%.0% 119,58 92.60 104,42 216,60 105,5%
765, 47 715.29 755,60 2,2%6,36
Analysis of Variance.,
Source defo S.S, M.S, P test
Days 5 42,819 8,563,8 1,712,8%*
Dextrose 2 3,453 1,726.3 253,1%*
Yeast Extract (Y.E.) 2 2,582 1,291.1 189, 3%*
Days x Dextrose 10 10,554 1,055.4 154, 75%*
Days x Y.B. 10 3,k01 340, 1 4o, 8p#*
Dextrose x Y.E, 3 590 147,6 21 L
Days x Dextrose x Y.BE, 20 879 43,95 6, hlyr*
Error 108 736 6.82
Total 161 65,01k
Comparison between means.
Days D0.0C5 = 2,07
5 DO.01 = 2,44
Dextrose and Yeast Extract D0.05 = 1,20
DO.CL = 1.50
Days x Dextrose and Days x Y.B. D005 = 4,b1
D0.0L = 5.05
Yeast Extract x Dextrose D0L.05 = 2,77
DO.CL = 3.24
Days x Dextrose x Yeast Extract DO.05 = 7,85
D0.0L = 9,06






