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ABSTRACTS.
A LIGHTNING STRIKE OF COCONUTS IN NEW GUINEA.

DOROTHY E. SHAW. Papua and New Guinea agric. [. 19 (4) : 147-150.

The effects are recorded of a lightning strike on coconuts in a plantation on an
island off the New Guinea coast. There was a delayed expression of symptoms
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ABSTRACTS.
A LIGHTNING STRIKE OF COCONUTS IN NEW GUINEA.
DOROTHY E. SHAW. Papua and New Guinea agric. [. 19 (4) : 147-150,

The effects are recorded of a lightning strike on coconuts in a plantation on an
island off the New Guinea coast. There was a delayed expression of symptoms
(mainly frond break and frond droop), the most severe damage being apparent on
19 palms (including the struck palm) four months after the strike. Six palms died
within 100 ft. of the struck palm but others within this radius were either apparently
unaffected or showed only mild to severe symptoms. The recovery period of the
12 affected palms which did not die coincided in the main with a four-month drought
which may have prevented the development of secondary rots. The site was under
observation for 31 months.

A NOTE ON THE NON-TRANSMISSION OF CENTROSEMA MOSAIC
VIRUS THROUGH SEED.

DOROTHY E. SHAW. Papua and New Guinea agric. J. 19 (4) : 151

No symptoms of Centrosema mosaic virus were recorded on 1,252 plants of Centro-
sema pubescens raised from seed derived from C. pubescens plants with mosaic symp-
toms in three tests carried out in Port Moresby. New leaves produced on C. pubescens
transplants infected with Centrosema mosaic virus grown in the same vicinity as the test
seedlings had characteristic symptoms under the same conditions.

WELLMAN'S LEAF AND FRUIT SPOT OF ARABICA COFFEE IN
NEW GUINEA.

DOROTHY E. SHAW. Papua and New Guinea agric. J. 19 (4) : 152-166.

A leaf and fruit spot of Arabica coffee, variety ‘' Bourbon’, in New Guinea is
similar to Wellman’s blister spot of coffee in Costa Rica, attributed to a virus, and to
Bitancourt's oily spot in Brazil. The leaf symptoms appear distinct from those of
ring spot of coffee in the Philippines.

In experiments, spots occurred on leaves produced on tips of affected bushes
kept under protective insecticide cover, indicating the probable systemic nature of the
condition. Spots occurred on the cotyledons of volunteer seedlings in the field at
5,000 ft. altitude but not on the subsequent leaves of such seedlings transplanted to
the glasshouse at sea level. In other experiments at sea level, spots were only rarely
observed on new leaves grown after transplanting of older affected seedlings and a mature
bush or on the new leaves of cuttings taken from affected plants. Nor were spots
seen on leaves grown on healthy scions grafted onto affected bushes in the Highlands,
except for four spots on three leaves of two grafts,

The condition was not transmitted through 477 seeds from affected bushes, the
seedlings having been kept under observation for from 18 to 24 months.

In five areas totalling 629 trees with five per cent. of trees initially affected, only
two additional trees (0.3 per cent. of the total) were observed to become newly
infected during observation for one year.

[Continued overleaf]



ABSTRACTS.

No particles which could be ascribed to a virus were observed in preparations of
sap extracts examined in the electron microscope.

As at least threc common names are being used for conditions with similar
mptoms in America, in New Guinea the condition is being designated as * Wellman's
leaf and fruit spot’.

INVESTIGATION INTO THE CAUSES OF LEAF TUMOURS OF TEA
SEEDLINGS.

DOROTHY E. SHAW and W. M. BURNETT. Papwua and New Guinea agric. J.
19 (4) : 167-192.

Tumours occurred on the early true leaves of tea seedlings derived from seed
from two localities in New Guinea, and from Ceylon, India, Malawi and Australia,
grown in a glasshouse and a laboratory at Port Moresby and in the field in New
Guinea, New Britain and Australia. Leaves produced later on these plants were
unaffected. Recently a report of leaf tumours of tea seedlings in nurseries in Malawi
has also been received.

Experiments reported herein seem to eliminate the following as Eossible causes
of the condition : micro-organisms, mites, insecticide, copper fungicide, hormone herbi-
cide, charcoal packing, sawdust used in pregermination beds, timber used in pre-
germination boxes, the water supply and the local soil.

Slightly fewer seedlings with tumours occurred with whole or partial removal
of the seed coat before germination than when seed remained intact, amf slightly fewer
with soil than with inert crushed imported quartz. No malformed leaves occurred
on 66 ‘seedlings’ developed from embryos excised from their cotyledons and grown
to the two to six leaf stage on nutrient agar. Ten times more seedlings developed
tumours at high temperatures in the glasshouse than in a coolroom. There were ten
times more tumours on seedlings grown from immature 'ripe’ seed from capsules
picked green from the seed bearers than from mature seed which had dehisced
naturally from the capsule.

It is suggested that the cause of the tumours may be a growth substance found
in immature 'ripe’ seed, with little or no residual substance present in mature seed.
The concentration or activity of the substance appears to be affected by the removal
of the seed coat and by temperature,



A Lightning Strike of Coconuts in New Guinea *
DorotHY E. SHAW.}
ABSTRACT.

The effects are recorded of a lightning strike on coconuts in a plantation on an
island off the New Guinea coast. There was a delayed expression of symptoms
(mainly frond break and frond droop), the most severe damage being apparent on
19 palms (including the struck palm) four months after the strike. Six palms died
within 100 ft. of the struck palm but others within this radius were either apparently
unaffected or showed only mild to severe symptoms. The recovery period of the
12 affected palms which did not die coincided in the main with a four-month drought

which may have prevented the development of secondary rots.

observation for 31 months.

INTRODUCTION.

In response to an appeal to planters to advise
the Department of the occurrence of lightning
strikes in coconut plantations or in cacao, one
lanter reported that a strike had occurred on
is plantation and kindly agreed to keep the
area under observation and to report regularly
on the onset of symptoms. The following notes
and diagrams have been prepared from the data
made available by him.

The strike was reported by indigenous eye
witnesses to have occurred during a very severe
electrical storm on 20th April, 1965, on a coco-
nut plantation on an island off the north coast
of New Guinea. The struck palm was one of
a pair growing close together side by side, both
of apgioxirnately the same height as far as
could be remembered and part of a planting of

Ims at 30 ft. by 32 ft. spacing, although a
ittle out of alignment near the seashore.

Notes on the symptoms during the subsequent
four months and at seven, eleven, 23 and 31
months, are as follows :—

24th April, 1965.

Very little aerial damage was apparent, but
the struck palm (marked S in Figure 1, A) had
two large pieces torn out of its rather exposed
root system. Three palms in its vicinity showed
slight frond droop.

A few days later there was little change
and local New Guineans living close to the

¢ Compiled from notes submitted by a New Guinea
planter.

+ Chief Plant Pathologist, Department of Agriculture,
Stock and Fisheries, Port Moresby.

The site was under

strike reported to the planter that visible
damage ! was not observed until well into the
second week.

26th May, 1965.

At this inspection the struck palm was scored
as dead, with another dead palm next but one
away, and a third pa'm (the right hand lower

corner palm in Figure 1, B) showing very
heavy damage. Eight palms including the
“twin ' of the struck palm were severely affected

and three were mildly affected, as shown in
Figure 1, B.

19th [June, 1965.

Only a little further change had occurred at
the time of this inspection, It appeared to the
planter, therefore, as if the greatest visible
change occurred during the first two to four
weeks after the strike, A few trees showed
serious deterioration and a few more showed
mild effects (Figure 1, C). At this stage the
planter was convinced that quite a number of
palms would eventually die.

19th July, 1965.

At this inspection three more palms were dead,
one of them (right hand top corner in Figure
1, D) being some distance from the struck palm
and another being removed by one palm. Three

1 Affected palms showed either frond break and/or
frond droop, although precise numbers of affected
fronds were not recorded by the planter. Unfor-
tunately, no detailed examination by a pathologi
of the affected parts of the struck and surroundi
E:lc:ns was possible at any time during the recordings

use of the relative inaccessibility of the planta-
tion and the distance from Port Moresby.

voL, 19, No. 4.—MARCH, 1968.
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AS AT 24-4-65

AS AT 26-5-65

AS AT 19-6-85

AS AT 22-3-66

O  HEALTHY PaLm

O: PaM STRUCK ON  20- 4-65
@ PALM BLOWN OVER BY WIND

PALM MILDLY AFFECTED
PALM SEVERELY AFFECTED

PALM APPARENTLY DEAD, LATER RECOVERED
PALM DEAD

ORVO

Fignre 1.—The effect of ligtning strike on coconut palms over a period of 31 months.

other palms considered dead at this stage later
recovered, and these are distinguished in Figure
1, D. One other palm which had been only
mildly affected previously showed more severe

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL

damage. The "twin’ to the struck palm, how-
ever, appeared no worse than at the previous
two readings, although damage was still severe.
At this stage 19 palms were affected.
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19th August, 1965.

No material change in the position was
observed except that some of the affected palms
did not appear to be quite as severely damaged
as at previous inspections and the planter
thought that some might even recover.

22nd November, 1965.

Observations were resumed in November,
when the planter returned from leave. From
previous experience of strikes, which are fre-
quent in this area, the planter expected consider-
able deterioration to have occurred. He reported
amazement, however, at the lack of deterioration
in affected palms. The "twin' of the struck
tree apﬁcared certain to survive, and the palm
(right hand side lower corner Figure 1) which
in July had appeared certain to die was develop-
ing a new shoot.

It should be mentioned that the four months
prior to this reading constituted the worst
recorded drought in the area, with the entire
period practically rainless ; usually at least four
inches per month is recorded during that period.
The drought reduced the total rainfall for 1965
to 112 in, whereas the average rainfall is said
to be approximately 145 in. per annum. Dur-
ing the drought period, however, the sandy soil
in which the plotted Jyalms were growing had
ample ground water draining to the sea from
a nearby swamp.

The relatively dry period following the strike
perhaps prevented or reduced secondary fungal
and bacterial attacks which might, under con-
ditions of higher rainfall, have administered the
coup de grace to the affected palms.

22nd March, 1966.

It was evident at this inspection that deaths
were confined to the struck palm plus four
others, only one of which was within 30 ft. of
the struck palm and the furthest was about 100
ft. away on the outskirts of the affected area.
All the slightly damaged palms had recovered,
while some which at earlier inspection appeared
certain to die were producing new fronds. The
three palms which had appeared dead in July,
1965, had recovered but were far from healthy-
looking and were sti'l devoid of nuts. One
alm (unspecified) had what may have been
stem bleeding " as described by Sharples (1933)
—in the present case the 'stain’ was stated to

149

" transfer easily enough to a damp handkerchief
and if not applied too heavily was light brown
in colour .

The planter was again amazed at the recovery
of the palms many of which he was sure would
die when examined nine months previously.
31st March, 1967.

The palm in the right hand lower corner of
Figure 1 survived, and although its canopy was
still in very poor shape it had started to bear
nuts again. Two of the palms which had
appeared dead in July, 1965, were now carrying
a reasonable crop of young nuts, although the
cabbages were less dense than those of the sur-
rounding palms. The third palm which had
appeared dead in July, 1965, had been blown
over by the wind. The 'twin' to the struck
palm appeared to be in reasonable condition
(Figare 1, E).

20th November, 1967.

After an interval of eight months, the planter
revisited the site and found that a further two
alms had died and their tops had fallen off.
hey were the twin of the struck palm and the
one to the right of it on the beach. The New
Guineans living nearby stated that no further
strikes had occurred. A third tree, the palm
on the left of the struck tree, appeared healthy
to the planter although the locaﬁ stated that it
would die too. When pieces of the cabbage
were collected and examined by the planter he
found them badly attacked by Hispid.

DISCUSSION.

It should be noted from the above records and
the Figmre that—

there was an cffect on surrounding palms as
well as on the palm said to have been struck
by lightning ;

three months after the strike, symptoms were
beginning to show upon hitherto apparently
unaffected surrounding palms. This is
similar to delayed effects of strikes as pre-
viously reported by Sharples (1933) for
Estate A by Dwyer (1936), and by
Charles (1960) ;

six palms which ultimately died were growing
from three to one hundred ft. away from
the struck palm, which died first. Twelve
other palms within that radius, however,

VOL, 19, No. 4—MARCH, 1968.
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showed only mild to severe symptoms ; the
"twin’ to the struck palm was one of them,
although it eventually died within two-and-
a-half years; ten palms were apparently
unaffected ;

the recovery of some of the 12 affected palms
which did not die was evident by the fourth
month, and the recovery increased with
time. Recovery of affected palms was not
recorded by Sharples (1933) or by Charles
(1960) ; and

the recovery period coincided with a drought
which may have prevented secondary
organisms from causing rots in some of
the affected palms.
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A Note on the Non-transmission of Centrosema
Mosaic Virus through Seed.
DorotHY E. SHAW. ¥
ABSTRACT.

No symptoms of Centrosema mosaic virus were recorded on 1,252 plants of
Centrosema pubescens raised from seed derived from C. pubescens plants with mosaic

symptoms in three tests carried out in Port Moresby.

New leaves produced on

C. pubescens transplants infected with Centrosema mosaic virus fmwn in the same
4

vicinily as the test seedlings had characteristic symptoms under

INTRODUCTION.

Centrosema  pubescens Benth, has been
recorded with mosaic symptoms in the field in
Papua and New Guinea since 1954 (Magee
1954), and has been studied by van Velsen and
Crowley (1962).

The latter authors found that sap from mosaic-
infected leaves of Crotalaria anagyroides pro-
duced mosaic symptoms on Centrosema pubescens,
some other species of Crofalaria, Calopogonium
mucunocides, Desmodium distortum, Medicago
orbicularis, Stizolobium deeringianum and Triﬁ?-
lium subterraneum. Thirty-nine other species of
23 genera, including species of Phaseolus and
Pisum, and Vigna sinensis, were found to be
non-susceptible in these tests.

Van Velsen and Crowley reported that no
symptoms occurred in 100 seedlings of each
species raised from seed from naturally infected
plants of Centrosema pubescens, Crotalaria ana-
gyroides, Crotalaria retusa, Crotalaria goreensis
and Calopogonium mucunoides kept under obser-
vation for 56 days.

EXPERIMENTAL.

As it was considered important to know
whether the causal virus was seed-borne even at
low percentage transmission, the following tests
were carried out.

Seed from C. pubescens plants showing
characteristic symptoms of mosaic were collected
by two agronomists in the Markham Valley.
The seed was lightly abraded with sandpaper
in Port Moresby, and sown in pots kept in
insect-proof cages. Three such tests were carried
out in 1967 and 1968.

* Chief Plant Pathologist, Department of Agriculture,
Stock and Fisheries, Port Moreshy.

e same conditions.

In the first two tests with seed from infected
plants, 968 seedlings were kept under observa-
tion for twelve weeks while in the third test,
284 seedlings were observed for five weeks. No
symptoms of mosaic were observed in any of
the 1,252 seedlings.

During one of the tests C. pubescens plants
with mosaic symptoms from around Port Moresby
and the Markham Valley were transplanted to
pots and kept within a few yards of the insect
cage under similar conditions of temperature and
shade as the test seedlings in order to determine
whether symptoms were still produced on the
new leaves in this environment. Young leaves
produced after transplanting had characteristic
mosaic symptoms.

From the work of van Velsen and Crowley
(1962) and from the above tests, it appears
that Centrosema mosaic virus is not seedborne
or that it is of low percentage transmission,
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plants with mosaic, and to the latter and to Mr. D.
Murray of the same Department for obtaining infected
plants. Thanks are also extended to Mr, R. M. Burnett
for watering the plants during the author's absence
from Port Moresby.

REFERENCES.

Maceg, C. J. (1954). Report on survey of virus
diseases of food crops in the Territory of Papua and
New Guinea with special reference to plant quaran-
tine, Part II. Papua and New Guinea agric [, 9:
17-26.

Van VEersen, R. J, and CrowLEY, N. C. (1962).
Centrosema mosaic, a new virus disease of Crotalaria
spp. in Papua and New Guinea. Awst. J. agric. Res.,
2: 220-232.

(Accepted for publication July, 1968.)

voL. 19, No. 4—MARCH, 1968.



152

Wellman's Leaf and Fruit Spot of Arabica
Coffee in New Guinea.

DoroTHY E. SHAW.*

ABSTRACT.

A leaf and fruit spot of Arabica coffee, variety ' Bourbon', in New Guinea is
similar to Wellman's blister spot of coffee in Costa Rica, attributed to a virus, and to

Bitancourt’s oily spot in Brazil.
ring spot of coffee in the Philippines.

The leaf

Symptoms appear distinct from those of

In experiments, spots occurred on leaves produced on tips of affected bushes
kept under protective msecticide cover, indicating the probable systemic nature of the
condition.  Spots occurred on the cotyledons of volunteer seedlings in the field at
5,000 ft. allitude but not on the subsequent leaves of such seedlings transplanted to

the glasshouse at sea level.

In other experiments at sea level, spots were only rarely

observed on new leaves grown after transplantin g of older affected seedlings and a mature

bush or on the new leaves of cuttings taben from affected plants.

Nor were spots

ieen on leaves grown om healthy scions grafted onto affected bushes in the Highlands,
except for four spots on three leaves of two grafts.

The condition was not transmitted through 477 seeds from affected bushes, the
seedlings having been kept under observation for from 18 to 24 months.

In_ fve areas totalling 629 trees with

two additional trees (0.3 per cent. of
infected during observation for one year,

five per cent. of trees initially affected, only
the total) were observed to become newly

No particles which could be ascribed to a virus were observed in preparations of

sap extracls examined in the electron microsc
As at least three common names are

afe.
eing used for conditions with similar

symptoms in America, in New Guinea the condition is being designated as * W ellman's

leaf and fruit spot’.

INTRODUCTION.

In 1962, specimens were first received of
a leaf spot of Bourbon coffee from the Eastern
Highlands of New Guinea and later investiga-
tions showed that fruit from these trees was
also affected.

The condition resembles blister spot of
Arabica coffee described by Wellman (1957) in
Costa Rica ! and attributed to a virus which was
not seed-borne but which was mechanically trans-

* Chief Plant Pathologist, Department of Agriculture,
Stock and Fisheries, Port Moreshy.

' In October, 1965, the author examined two bronze-
tipped plants with blister spot at Turrialba in
Costa Rica. The symptoms were identical with those
under study on green tipped Bourbon in New
Guinea. A few days later tie author inspected many
bronze-tipped spotted coffee bushes near San Jose
with Dr. Luis C. Gonzales, the symptoms again
being identical with those of the New Guinea
condition.

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL

mitted by the aphid Toxoptera aurantine Koch,
symptoms appearing in from two months and
nine days up to fourteen months, and by graft-
ing, the first symptoms appearing in two and
a half months. The variety of coffee affected
was not designated but Wellman (personal com-
munication) stated that it was "var. fypica’.
Rate of spread was up to 15 per cent. in one
year.

Bitancourt (1958) recorded that he first
observed a similar disease on coffee leaves and
fruit in Brazil in 1938, and called it oily or
greasy spot.  Experiments on transmission
carried out in Sao Paulo were nega
tive. After two years the disease had not spread
from the trees where it had been found towards
neighbouring trees, which indicated very slow
dissemination. The damage did not seem of
sufficient importance to warrant further investiga-
tion into the disease. No further experimental
work was reported in a recent review of coffee



dlgsgasies in Brazil (Silberschmidt and Bitancourt
1965).

The leaf symptoms of the blister or oily spot
disease as described by Wellman and Bitancourt,
and as seen in New Guinea (see description
below), appear to the author to be distinct from
those of the ring spot of coffee described by
Bitancourt (1939) in Brazil (the transmissibility
of which was proved by grafting by Silber-
schmidt (1941) ), and by Reyes (1959, 1961)
in the Philippines, where it was recorded affect-
ing Arabica, Excelsa, Robusta and Liberica leaves
and fruit, and stems of Excelsa, Reyes, however,
considered ring spot to be identical with Well-
man’s blister spot disease, an opinion not sup-
ported by Valclpez (1966).

Studies on the New Guinea conditions are
reported below.

HOST.

The condition was found en Bourbon coffee
in the Asaro Valley in the Eastern Highlands
of New Guinea at an altitude of approximately
5,000 ft. and 260 miles from Port Moresby.

Coffee plantations in the Highlands grow only
Coffea arabica L., consisting nearly exclusively of
mixed stands of C. arabica var. arabica (syn. var.
typica Cramer), locally called Typica coftee, and
of C. arabica var. bonrbon (B. Rodr.) Choussy.,
locally called Bourbon coffee ; in some cases the
former predominates, and in others the latter.
A little * Maragogipe * coffee (sometimes given
as C. arabica var. maragogipe Hort.) is also
grown. The condition is confined to Bourbon
coffee, even in those plantations where Bourbon
and Typica are both growing, sometimes with
intermingled branches*.  Affected bushes are
irregularly scattered throughout the plantations
although adjacent bushes are occasionally affected.

SYMPTOMS AND MICROSCOPIC
EXAMINATION OF LESIONS.

Leaves.

The leaf spots occur mainly on the upper sur-
faces of the leaves, only occasionally being evi-

*In July, 1966, five spots were found on three leaves
(which were removed for examination) on a well-
grown bronze-tipped bush, presumably Typica, on
one of the plantations, although no Bourbon with
symptoms  occurred in the immediate vicinity. Re-
inspection of the plant and about 200 immediately
adjacent coffee bushes eight months later did not
reveal any spotted leaves,
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dent on the under surfaces. They are circular,
up to four mm. in diameter, either the same
colour or slightly paler green than the unaffected
tissue, and if few in number are inconspicuous.
To the naked eye they usually have a dull rather
than a shiny appearance ; the surface itself
appears almost imperceptibly depressed, often
with a faint stippling discernible only by moving
the lesion under a strong light. Some lesions
have a light brown spot the size of a pin prick
in the centre. If the leaf is held against the
light, the lesions are evident as translucent spots
(compare Plate 1, A and B, showing the same
leaf by reflected and by transmitted light).

Apart from the tiny area of dead cells in the
centre of some spots only, the tissue of the spots
does not: become necrotic. In fact, on aged
yellow leaves the lesions are usually striking as
green spots on the yellow tissue (Plate II). On
faded leaves found beneath affected bushes the
lesions stand out as distinct reddish-brown spots
on the dead tissue. The surface of the spot is
not convex as in the young leaves described by
Wellman, but occasionally heavily affected young
leaves have a slightly puckered appearance.

In some cases only a few spots occur per leaf,
while in others they cover most of the lamina
(Plates T and 1I). In the cases examined the
young leaves just expanding were usually free
from spots while the first expanded leaves were
often spotted. Sometimes leaves without spots
were found on the same branch as leaves with
spots while occasionally whole branches without
affected leaves were found on affected bushes.

The spots were also found on the cotyledons
of some volunteer seedlings even before the
appearance of true leaves. At that stage the
pllgnts would not have been more than six weeks
ola.®

In Plate 111, a young seedling is shown with
about 64 spots on the cotyledons, many being
confluent. On other seedlings co'lected at the
same time with spots on the cotyledons, the first
true leaves had formed but were unspotted. The
behaviour of such seedlings when removed from
the field to the greenhouse is discussed later.

* Estimated after comparison of growth records
obtained by Mr. R, S. Carne, Agronomist-in-Charge,
Highlands Agricultural Experiment Station, at the
request of the author for the age of seedlings
before the appearance of the first true leaves.

voL, 19, NO. 4—MARCH, 1968.



Plate 1.—A. Leaf of Bourbon coffee with leaf spots, viewed by reflected light.

B. Same leaf viewed

by transmited light.

Microscopically the affected tissue is very diffi-
cult to distinguish from the unaffected. The
cells appear indistinguishable in shape, malforma-
tion of pallisade and spongy parenchyma tissue
not being detected in sections. However, from
the appearance of the spots, which remain green
as the leaves yellow with age, it seems as if the
main effect is in the chloroplasts, as stated by
Wellman, as the spots usually retain their chloro-
phyll longer than normal leaf tissue. That a
change of some magnitude has occurred is evi-
dent from the persistence of the spots, even on
faded brown leaves.

No hyphae or bacteria were detected in sec-
tions or teasings of the leaf spots. Miscellaneous
fungal spores were sometimes found on the leaf
surfaces, but on unaffected as well as affected
tissues.

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL

Stems, Flowering and Fruit Setting.

No lesions have been noted on stems. The
length of the internodes and the number of
flowers and fruit set appeared to be about
normal, whereas Wellman reported that in Costa
Rica there was some dwarfing of growth and
shortening of internodes, with a reduced number
of flowers which set very few fruit. Blackening
and early abscission of many of the fruit means
that heavily affected bushes in New Guinea
are often left with branches with few or no
fruit at a time when the unaffected bushes are
still carrying their full maturing crop.

Fruit.

Lesions on the fruit are similar to those
described and illustrated by Wellman. The
New Guinea spots are round, up to two mm. in
diameter, light brown in colour and definitely



concave. Plates IV and V show fruit with
various degrees of spotting, and seeds from
slightly and severely affected fruit.

All the fruit on an affected branch does not
always become spotted, especially on bushes
with only a few spots on the leaves (such
bushes presumably being fairly recently in-
fected), but most cherries carry from one to
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about fourteen spots, the spots not being con-
fined to one side although occasionally a prepon-
derence does occur on the upper surface. A
dark brown rot sets in on most fruit, often
around a depressed spot, sometimes two or
more rotted areas occurring on the same fruit
and not necessarily towards the terminal half
of the branches, as mentioned by Wellman. As

Plate 11.—Faded (yellow) leaves of Bourbon coffee with the spots showing as distinct green areas.
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Plate TII—Cotyledons of self-sown Bourbon

coffee from around affected bush, with separate

and confluent leaf spots, after pressing for 24
hours.

Plate TV.—Fruit of Bourbon coffee with depressed
spots.

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL

the fruit blackens and shrinks, the small
depressed spot sometimes takes on the appear-
ance of a small light-brown-coloured scab.

Sections through the depressed spots show a
collapse of the tissue to a depth of about six
to eight rows of cells, the area being most promi-
nent when the fruit is red as the collapsed cells
are without pigment.

No mycelium or bacteria could be demon-
strated in the smaller spots. Occasionally mis-
cellaneous fungal spores were found lying on
the surface of the spots, as on other parts of
the fruit surface, as might be expected.

Fruit on unaffected trees was unspotted and
did not turn black.

Plate V.—Affected fruit and seeds of Bourbon
coffee.

Ist row : Two green fruit with depressed spots.
Two green fruit with many depressed spots and
rot.

2nd row : Five hard black shrivelled fruit with the
original lesions visible as dry, hard, pale brown
scabs.

3rd row : Two seeds from spotted fruit with very
little shrivelling. Two shrivelled seeds. Three
very shrivelled seeds with testae removed.



INCIDENCE.

The disease to date has only been found in
the Asaro Valley of the Eastern Highlands.

The incidence of the disease on affected plan-
tations as noted in checks carried out at intervals
since the condition was first reported has not
been high. Growers have been continually
advised to rogue affected bushes, to destroy
volunteer seedlings with spotted leaves, and to
carry out regular checks in order to eliminate
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The results of a survey of some smallhold-
ings in the same valley are also shown in Tables
1 and 2. Infected coffeec was found at 159 out
of 931 sites inspected, involving an estimated
399,700 total trees of which the estimated
number of Bourbon was 220,600. Of these
1,984 were found affected, giving an average
infection of 0.5 per cent. of total trees and 0.9
per cent. of Bourbon (Table 1) with the
greatest number of infections ranging between
1.1 and 5.0 per cent. (Table 2). Special checks

Table 1.—Number of trees inspected and percentage infection in three coffee growing areas.

Estimated No. of Infected | Infected
Area. Property. mzm:ct;il;i IE;’;‘?:J '}[::;L{:;;e.s number of infected Bourbon. | Arabica.
P 4 ;i Bourbon. Bourbon. Percentage.| Percentage.
Asaro Valley Plantation 8 8 292,000 200,000 680 0.3 0
(est. 1,380) T (0.7) 1
Smallholdings 931 159 399,700 220,600 1,984 0.9 0
Kainantu Plantation
Subdistrict and Station 8 0 149,750 24,000 0 0 0
Smallholdings 4 0 500 200 0 0 0
Wahgi Valley Plantations 10 0 49,680 16,800 0 0 0
Smallholdings 172 0 76,200 33,650 0 0 0

* Round figures,
t Including number of trees said to have been rogued

possible sources of inoculum. This was done
sporadically on some plantations and apparently
not at all on others. It was estimated by officers
that probably not more than 700 bushes were
rogued prior to September, 1967.

In a survey carried out by agricultural officers
(Mr. J. J. Nitsche and Mr. W. G. Cowie and
assistants) in late 1967, each tree on seven out
of the eight known affected plantations was
checked and affected trees rogued ; a partial check
was carried out on the eighth,

The results of the survey are shown in Table
1. Out of approximately 292,000 trees inspected
it was estimated that 200,000 were Bourbon, and
of these 680 trees were showing symptoms ; no
Arabica was found affected. The percentage
Bourbon infection, which varied on each planta-
tion, ranged from 0.03 per cent, to 1.2 per
cent.,, the total average being 0.3 per cent. If
the estimated number of previously rogued trees
is included, the estimated total average infection
is 0.7 per cent.

3

previously.

carried out by the officers at the few sites with
high infections failed to reveal any reason to
account for the occurrence. No Arabica was
found with symptoms during the survey.

Table 2.—Classes of estimared percentage infection
in smallholders’ Bourbon coffee in the Asaro Valley.

Percentage of infected Bourbon * No. of small
in the following classes. holdings.
0.1-0.5 O e 32
Rt JY e e e T 26
1.1-3.0 s Ly s 73
5.1-10.0 aretfl o il 13
10,1-15.0 - e e 4
15.1-20.0 verine 4
20.1-25.0 e . i 1
25.1-30.0 S T auie; | e N 1
35.1-40.0 e, ST 3 1
50.1-55.0 el e i s 1
SLEDRT L) & o] el ol 1
75.1-80.0 i i 1
90.1-95.0 i e Sl 1

* Percentage infection of total trees not shown,
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Spot checks by the same officers were made at
ten plantations and stations and at 172 small-
holdings in the Wahgi Valley, as shown in
Table 1. Of the estimated 126,000 trees
inspected, of which 50,500 were estimated to
be Bourbon, none was found with symptoms.

In spot checks by Mr. R. S. Carne and assis-
tants of eight plantations and stations and four
smallholdings in the Kainantu Subdistrict of
the Eastern Highlands, involving approximately
150,250 trees of which an estimated 24,200
were Bourbon, none was found infected (Table
1).

No special surveys have been carried out on
coffee in the other parts of the Territory, but no
specimens or reports of the disease have been
received from growers or agricultural officers in
these areas.

The incidence of the disease in New Guinea,
therefore, has to date been much lower than
that reported by Wellman (1957) in Costa
Rica, or noted by the author during a visit to
Costa Rica in 1965.

As a result of the surveys carried out and the
publicity given to the disease in New Guinea
especially in the last few years, it is hoped that
the recommended control measures—roguing of
infected bushes followed by regular inspec-
tions—will now be vigorously carried out by
growers in the Asaro Valley. Growers else-
where are urged to keep their crop under close
observation and report any symptoms if these
are detected.

SPREAD OF THE CONDITION.

While many coffee plantings in the Asaro
Valley were started from seed, many others were
started from seedlings raised in thousands at
several plantations and at other centres. As
seedlings up to one foot high have been found
with leaf symptoms in nurseries, it is considered
that distribution of such seedlings may have
acccounted in some measure for the occurrence
of the disease throughout the Asaro Valley.

In order to check rate of spread at an infected
site four areas chosen at random consisting of
79, 103, 125 and 262 trees (totalling 569
trees, in a block of several thousand Bourbon )

* This block, which. except for a few Typica, con-
sisted entirely of Bourbon, had the highest percent-
age infection known to the author at the time;
infected trees were very irregularly distributed
throughout the block.
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were scored and kept under observation for one
year in 1966-1967 during which three inspections
were carried out. Twenty-nine of the 569 trees
(5 per cent.) were affected at the begining of
the period and thirty at the last inspection, the
newly affected tree (an increase of 0.2 per cent.)
having very few spots on some leaves of a few
branches only. A further 60 trees were kept
under observation for nine months. These
originally included one affected tree (1.6 Per
cent.) but another was found with very few
spots on a few leaves of a few branches at
the end of the period, giving an increase of
1.6 per cent. If these two bushes had been even
more lightly affected at previous inspections, the
spots may have been overlooked, since the trees
were up to ten feet high and about twenty feet
in circumference, so that inspection of every leaf
was impossible. A few affected trees were
adjacent to one another, but on the whole dis-
tribution was non-aggregated (Figure 1).

Wellman (1957) found that in a large field
in Costa Rica with 49 (10 per cent.) of the 497
trees affected with blister spot, 76 (15 per cent.),
42 (8 per cent.) and 52 (10 per cent.) of the
trees were newly affected in the three following
years, at the end of which period 42 per cent.
of the total trees were affected, although ten
had apparently recovered.

Bitancourt (1958), however, reported that in
Brazil the ‘oily” spot disease had not spread
after two years from the trees where it had been
found towards neighbouring trees.

No recovery of marked trees was apparent
for the observation period in New Guinea. The
apparent rate of spread was markedly less than
that reported by Wellman in Costa Rica, being
approximately only 0.3 per cent. for the year in
the area under study.

ISOLATIONS.

Isolations were attempted from both diseased
leaves and young spots on the fruit, as well as
from blackened berries after surface sterilization.
Only occasional fungi (particularly Gloeosporinm
sp.) were obtained from the leaf and cherry
spots, although various saprophytes were isolated
from the blackened cherries. Bacteria obtained
from unsterilized leaf tissue did not produce



‘8961 ‘HOMVW—F 'ON ‘61 ‘TOA

* Unaffected bush
® Affected bush
© Bugh newly affected

e ol T O e e Gt el e &
Praf Py, 5e < e o T i e FRat LS & el a gl e e % ‘e 2 B % 0 o8 s 8 s 0e W oal W
P T T T S e R S i R B A R ® s s B . . e L L e
BN g e AT SR e Bl R e W LI R R Rl TR U R T
R i ey e P S e b i Rl el i IR e e A P e A Sl
P . . s B L A e Tl P it * s s 4 am @ R

Figure 1.—Distribution of affected and newly affected bushes in five area s of the one block in approximately one year ;
except four Typica in Area 2.
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the condition when inoculated on to healthy
seedlings. Considering the miscellaneous fungi
obtained from the blackened cherries, it is pos-
sible that secondary fungal rot is a component
of the blackened condition.

POSSIBILITY OF INSECTS AS CAUSAL
AGENTS.

In order to determine whether the lesions on
the leaves and fruit were the direct result of
insect punctures, twelve badly affected trees were
selected and six tips on each were marked with
identifying tape, the tips in each case consisting
of a pair of new but unexpanded leaves quite
free from spots. Forty-two of these tips on
seven bushes were sprayed with insecticide
(dieldrin at 0.4 per cent.) every two wecks,
while the remaining thirty tips on five trees
were not sprayed. Readings were taken every
fortnight for six weeks to determine whether
the tips with protective insecticide cover became
spotted or not. The results are given in Table 3.

Table 3.—Occurrence of spots on marked originally
unspotted, unexpanded leaves of affected bushes with
and without insecticide cover.

No. of
No. of | pairs of |[No. of pairs of leaves

bushes, | young with spots
leaves.
Weeks,
1 4 g
Tips not sprayed 5 30 0 4 16 25
Tips sprayed 7 42 -1 13" 3%

with 0.4 per
cent. dieldrin
every 2 weeks

Lesions developed on the leaves of both
sprayed and unsprayed tips, suggesting that the
condition was probably systemic although the
insecticide cover may not have given complete
protection against insects.

Another test was carried out later with mala-
thion at a concentration of 1 :400 sprayed on
to forty tips on six affected trees (coloured tape
being tied immediately behind the first pair of
leaves and these and the unexpanded bud being
sprayed once per week), while forty tips on four
other affected trees were marked by tape but not
sprayed. Every two weeks readings were taken
on the occurrence of spots on the leaves issuing
from the bud which was unexpanded when the
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spraying began. The results after four months
are given in Table 4.

Table 4.—Occurrence of spots on leaves on affected

bushes issuing from buds unexpanded when

marked ; sprayed with malathion every week for
seven months.

s £ S
£ = E i 5 @

£les, | 228 |o2 [B4] Es

2 |53 [sE58| =2t e
2 |sE|cEF| o285 25la8| £
— =ZE = wr= =3m e wl ==

SPRAYED.
3 10 10 5 3 16 6
I 5 3 2 0 0 0
b] 10 9 6 4 18 9
6 5 5 5 3 12 6
i 5 5 i 2 12 3
8 5 5 i 1 6 2
UNSPRAYED.
i 10 10 10 4 24 12
2 10 9 5 4 3y 1 4 2
9 5 4 2 1 5 1
10 15 12 54 4y 1 4 1
¥ = young

Although ma'athion does not give total protec-
tion against insects, the occurrence of spots on
the sprayed as well as the unsprayed tips further
suggests that the condition was probably systemic.

Examination of field-collected spotted leaves
throughout the investigations showed them to
be singularly free from mites,

As mentioned previously, Wellman obtained
transmission of blister spot using the aphid
Toxoptera aurantiae Koch. Barrett ( 1966)
reported that small colonies of this species were
to be seen on a few bushes on most coffee plan-
tations in the Highlands, He did not record
any aphids during several inspections of the
coffee at one of the affected areas, however, and
on only one occasion during many inspections
were aphids found by the author ; they were on
two tips of a lightly spotted bush. In this
instance the aphids were not Toxoptera but the
specific identification is not yet to hand, It is
quite possible, of course, that aphids occur in
greater abundance at other times. The slowness
of the spread of the condition as reported above
may be a reflection of the paucity of vectors.

No insect transmission studies were carried
out because of the lack of facilities.



NON-TRANSMISSION THROUGH SEED.

As mentioned previously, many self-sown
seedlings with abundant spots on the cotyledons
were found under affected bushes in the field.
In order to determine whether the condition was
seed borne, cherries from affected trees were
divided into three groups according to the
amount of surface spotting and sown® in flats
at Port Moresby.

The germination in each class was over 90
per cent. (refer Table 5) but no cherries sown
were comparable with the severely affected ones
shown in Plate V, which obviously would not
germinate.  No spots were recorded on any of
the cotyledons and none had appeared on the
true leaves of the 410 plants remaining 29
months after sowing.

Table 5—Percentage germination of seed in spotted
cherries and percentage of cotyledons with spots.

. . 8%
<8 |5 |23 58 (3. 4|28
=28 | 2 w2 | BE |8 F o
s E.Z s = =5 |s @ |'S =
o = E ES T =5
32 [s3|s5| 58 (588582

Slight 35 33 94.3 0 0
Medium 340 310 91.2 0 0
Severe * 70 67 95.7 0 0

445 410 92.1 0 0

* But shrivelled seeds excluded.

In a previous test, no spots were recorded on
cotyledons or true leaves of seedlings derived
from seed from affected bushes, although 67 of
the plants were kept under observation for over
two years, seven months of which were at Port
Moresby and the balance at a Station at 1,700 ft.
altitude.

Wellman (1957) did not obtain transmission
of blister spot through Arabica seed in Costa
Rica.

BEHAVIOUR OF TRANSPLANTED
AFFECTED COFFEE.

Transplanted Seedlings with Spots.

Affected secdlings over six inches high with
abundant spots on the true leaves were trans-
planted to the Port Moresby laboratories, where

* The cherries (with seed enclosed) were sown in foto,
in order to simulate as far as possible the fall of
affected fruit in the field and the germination under
affected trees.
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they could be kept under continuous observation.
Leaf lesions present at that time remained, but
new leaves were devoid of spots. It was con-
sidered that this was possibly an effect of the
high temperature at Port Moresby * at sea level.
Therefore, after six months these scedlings were
removed to a station at 1,700 ft. altitude. Even
at this slightly cooler temperature spots did not
form on the new leaves, totalling 403 at the last
count, although the 59 plants were kept under
observation for over 34 months.

A second batch of affected volunteer seedlings
was removed from under affected trees and
transplanted to the Port Moresby greenhouse.
It consisted of eighteen scedlings, mainly with
cotyledons only but a few with the first pairs of
true leaves just beginning to expand. The seed-
ling in Plate 11 was included in this group.
The seedlings were kept in pots, mainly in the
shade with only a little morning sun. Although
the spots were abundant on the cotyledons (up
to approximately 64 spots on one pair, many of
them confluent), no spots at all had appeared
on the true leaves (totalling 41) two months
later. They were then moved into a slightly
less shaded position but six weeks later true
leaves were still devoid of spots. Seven months
from the time of transplanting 219 true leaves on
the seventeen remaining plants were still with-
out spots ; the same was true nine months from
the time of transplanting of the 260 true leaves
on the sixteen remaining plants ; and fourteen
months after transplanting the 353 true leaves on
the fifteen remaining plants were still devoid of
spots.

A third batch of infected seedlings from
seven to fifteen inches high were transplanted
from an infected garden in the Highlands to
the Port Moresby laboratory and kept out of
doors in the shade. Although some of the
older leaves still present on the plants were with-
out spots, all of the younger leaves were heavily
spotted at the time of transplanting.

* Port Moresby (Jackson's Airstrip), mean maximum
and minimum temperatures : 88 degrees and 73
degrees F (20 years' average).

Goroka, 5,200 ft. (Airstrip), mean maximum and
minimum temperatures : 78 degees and 57 degrees
F (7 years' average)

Station, 1,700 ft—no temperature records, but a
little cooler than Moreshy.
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Four months later 66 fully expanded or new
leaves had been produced on 13 plants, one plant
havit g died. Small and not very definite spots
were present on six leaves! of four of the
plants ; all of the other new leaves were unspotted
(Plate VI). At that stage three of the plants,
inchuding two of those with faint spots on the
leaves, were placed in an air conditioned labor-
atory whose temperature range was 65 to 73
degrees F compared with the outside temperature
range of 72 to 94 degrees F. The plants, how-
ever, were placed outside the laboratory in the
same environment as the remaining plants, for
eight hours each day on five days of each week.
This arrangement subjected the plants to a tem-

rature range which was the nearest which
could be obtained to the range operating in the
field in the Highlands.

The plants were again examined three months
later. The small faint spots were still present
on the same few leaves as noted previously, but
no other spots occurred on the other new leaves
which totalled 126.

In another instance one lightly infected coffee
tree in the Highlands with a trunk diameter of
two and one half inches at ground level was
cat back to fifteen inches above ground level
and transplanted into soil outside the Port
Moresby laboratory. Seven months later 336
new leaves had been produced but none was
spotted.

All the transplanted seedlings and the tree
reported above were transferred in a quantity of
the soil in which they had been growing.

Cuttings from Affected Bushes.

Cuttings from affected bushes were estab-
lished in the Highlands and five months later
were transferred to Port Moresby. Four months
later faint spots were found on a few leaves of
three of the twenty-five surviving plants. As it
was thought that the high temperatures at Port
Moresby may have been responsible for suppres-
sion of symptoms, the plants were removed to
the Station at 1,700 ft. Fourteen months later,
however, no symptoms were found on any of
the 163 leaves then present on these plants, nor
had any spots appeared 30 months after removal
to this altitude.

' Affected new leaves were the second pairs expanded
after transplanting.
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Transplanted Healthy Seedlings.

Healthy seedlings transplanted from the High-
lands to Port Moresby kept within feet of the
diseased seedlings and cuttings mentioned above
remained free from spots until discarded 34
months later.

GRAFTING EXPERIMENTS.

Investigations were hampered by the lack of
suitable facilities such as an insect-proof house
in the Highlands at about 5,000 ft., the difficulty
of transporting material for grafting to the
laboratories at Port Moresby 260 miles away,
and, when transplants and seedlings were estab-
lished at Port Moresby, the high temperature
conditions on the coast.

The graftings and buddings first attempted at
Port Moresby with material flown from the
Highlands failed to survive. Another set of
grafts was made in the plantation by agricultural
officers, but the majority of the grafts failed or
were broken off by labourers during harvesting
and maintenance operations. On the three grafts
which remained seven months later (two scions
from diseased trees onto healthy stocks and one
healthy onto diseased stock), no transmission
of symEtoms occurred.

As the plantations were roguing affected trees,
it was decided to try to establish grafts and bud-
dings at Port Moresby so that the material could
be kept under closer observation, although it
was realized that the change in temperature
would adversely affect the host and possibly
mask the symptoms.

Affected seedlings and cuttings which had
been established at Goroka from affected bushes,
as well as healthy seedlings were transferred
to Port Moresby and then to the nearby Station
at 1,700 ft, where a third set of grafts was
attempted by Mr. A. van Haaren. They con-
sisted of healthy scions grafted onto the fol-
lowing stocks :—

Ten of the transplanted seedlings which had
previously had abundant spots on the true
leaves, although no spots had appeared on
the new leaves since the transfer to Port
Moresby ; and

Three of the cuttings established from
branches carrying the condition, being the
only ones which had produced a few affected
leaves.

These grafts were kept under close observa-

tion but no spots appeared on the scion leaves,
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Plate VI.—A. Seedling with two old spotted leaves (os) visible and six unspotted leaves, the
latter having been produced after transplanting from an altitude of 5,000 ft. to sea level.

B. Seedling with four old spotted leaves (os) visible and four unspotted leaves, the latter having
been produced after transplanting from an altitude of 5,000 feet to sea level.



164

of which there were 86 five months after graft-
ing. Further checks at eight and thirteen
months were still negative.

By that time very few of the plantations were
roguing regularly, so a fourth series of grafts
was carried out by Mr. A. van Haaren in a sec-
tion of an affected Highland plantation that
could be kept under close surveillance. The
grafts were examined every two weeks by the
local agricultural officer, Mr. R. N. Amos, who
reported on the successful * takes ', the emergence
of new leaves and fruit, and the occurrence of
symptoms. From time to time the author
checked the results in the field.

The details of this series are as follows :—

Forty-five healthy Bourbon scions from an
unaffected plantation were grafted onto
eight affected trees using a single node
wedge or cleft graft, 26 being plagiotropic
and 19 orthotropic.

Twenty-two_healthy Bourbon scions from an
unaffected plantation were grafted on to
six presumably healthly Bourbon bushes on
the affected plantation, 17 grafts being
plagiotropic and five orthotropic.

Very wet weather occurred immediately after
the grafts were made, but after two months 16
grafts were still alive ; after three months one
of the 13 surviving scions had one new pair of
leaves. At this stage fortnightly spraying began
with 0.4 per cent dieldrin and was continued
for the next twelve months in order to provide
some protection against insects, including pos-
sible vectors, so that if lesions did appear on the
scions there would be a good chance that it was
the result of transmission through the graft and
not the result of any subsequent factor. Read-
ings were as follows :—

After six months eight grafts remained, all
except one having leaves, and two were
bearing fruit ;

After seven months two spots were found on
one leaf on Tree M, and the leaf was
removed ;

After nine months one spot was found on
each of two leaves of Tree | and the leaves
were removed ; and

After 13 months—

(i) three healthy scions on affected stocks
remained, with 110 scions leaves alto-
getc{ner, all being quite free from spots ;
an
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(ii) two healthy scions on healthy stocks
remained, with eight scion leaves and one
cherry, all being quite free from spots.

After 15 months, all the remaining 127 scion
leaves were still free from spots.
A summary of the results of the transplantings
and graftings is given in Table 6.

ELECTRON MICROSCOPE CHECK
FOR VIRUS PARTICLES.

In March 1967, Dr. Adrian Gibbs of the
Australian National University, Canberra, kindly
examined in the electron microscope sap
extracts from the sources listed below. In Port
Moresby the material was mounted on grids and
negatively stained with potassium phospho-
tungstate using the methods described by Hitch-
born and Hills (1965), the grids being for-
warded to Canberra.

The sap extract sources were as follows :—

Unaffected coffee.

Strips of tissue from the underside of Bourbon

leaves and from cotyledons and fruit.

Affected coffee

Strips of tissue from the underside of a spot

on a Bourbon leaf (samples from two plan-
tations).

Strips of tissue from the underside of a spot on

a Bourbon cotyledon (samples from two
plantations).

Strips of tissue from a spotted Bourbon fruit

(samples from two plantations).

Gibbs (personal communication) found no
virus-like particles in the preparations, although
extracts of Crotalaria anagyroides leaves showing
mosaic symptoms, mounted in the same way and
at the same time, contained filamentous wvirus-
like particles. In Dr. Gibbs' opinion these
results suggest that there was little likelihood of
a virus with elongated particles being present in
the affected coffee trees. A virus with isometric
particles whose concentration was lower than
10" or so per millilitre might have been present,
however, because small isometric virus particles
are not easily distinguished from round plant
sap constituents in the electron microscope,
unless they are abundant.

DISCUSSION.

The leaf and fruit spot of Bourbon coffee in
New Guinea is dissimilar to ring spot described
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Table 6.—Summary of results after transplanting and grafting affected Bourbon coffee.

Period of
Treatment. Location. No. surviving. observation Resulls.
{months).
Grafts—
Grafts and buddings on |Port Moresby . i None - —
potted seedlings
Grafts on to plantation | Goroka 3 7 No spots on leaves.
bushes
Grafts on to transplanted |Station at 1,700 ft. .. 10 5
seedlings No spots on 86 leaves.
Grafts on to transplanted |Station at 1,700 ft. ... 3 5
cuttings
Grafts on to plantation | Goroka T, S, 8 7 Two spots on 1 leaf.*§
bushes
8 9 Two spots on 2 leaves.*t
5 13 No spots on 110 leaves.
5 15 No spots on 127 leaves.
Transplants—
Affected seedlings over 6 |Goroka to Port Moresby 59 34 No spots on 403 leaves.
in. high to Station at 1,700 ft.
Affected seedlings mainly | Goroka to Port Moreshy 18 2 No spots on 41 leaves.
with spotted cotyledons
ouly

17 7 No spots on 219 leaves.

16 9 No spots on 260 leaves.

15 14 No spots on 353 leaves.

Affected seedlings 7 to 15 |Goroka to Port Moresby 13 i 13 small faint spots on 6
in. high new leaves { of 4 plants,
no spots on GO other new

leaves.

13 7 19 faint spots on 6 new
leaves I of 4 plants, no
spots on 126 other new
leaves.

Mature tree stubbed to 6| Goroka to Port Moreshy 1 7 No spots on 336 new leaves.
in. above soil level
Affected cuttings . |Goroka to Port Moresby 25 4 Faint spots on a few leaves
to Station at 1,700 ft. of 3 plants.
18 No spots on 163 leaves.
34 No spots on many leaves,

* 8pvited leaves removed after inspection

1Totid leaves not counted.

1AM icted new leaves were the second pairs expanded after transplanting,
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by Bitancourt (1939) in Brazil and by Reyes
(1959, 1961) and Valdez (1966) in the
Philippines.

The symptoms are similar to those of blister
spot of coffee in Costa Rica, attributed to a virus
(Wellman 1957), and to oily spot in Brazil
(Bitancourt 1958).

Although Bitancourt's grafting experiments
were negative, Wellman reported transmission
of symptoms by aphids and by grafting.
Difficulty was experienced in the present study,
however, in obtaining symptoms on new leaves
of transplanted affected cuttings, seedlings
and one tree and after grafting, even though some
of the plants were under observation for nearly
three years. Most of the mainly negative results
obtained could possibly be attributed to the
high temperature at the Port Moresby labora-
tories (260 miles away and 5,000 ft. lower in
altitude than the infected area) where most of
the work was carried out. Lack of facilities
prevented feeding experiments with aphids.

Wellman (1957) reported apparent recovery
of over four per cent. of affected trees in an
observation block in a three year period in Costa
Rica, but did not report any apparent recovery
of affected plants under study in the glasshouse.

No symptoms were obtained at Port Moresby
on the cotyledons or true leaves of 410 plants
raised from spotted fruit and kept under obser-
vation for over 29 months, or on 67 plants
derived from seed from affected bushes, kept
under observation for over two years. Weﬁ
man likewise reported non-transmission through
seed.

It must be pointed out, however, that under
affected bushes in the field, the cotyledons of
seedlings with no true leaves were covered with
spots, such seedlings being probably not more

an six weeks old. No spots occurred on the
true leaves of these seedlings when they were
transplanted to Port Moresby.

True leaves issuing from buds which were
kept under protective insecticide cover from
before expansion of the leaves throughout
months of observation became spotted, indicat-
ing the probable systemic nature of the condition.

No virus-like particles were found in prepara-
tions of sap extracts from affected fruit, leaves
or cotyledons when examined in the electron
microscope by Dr. A. Gibbs. This does not
rule out the possibility that a virus with isometric
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particles at a low concentration might have been
present.

Wellman called the disease °blister” spot,
Bitancourt referred to the Brazil disease as
‘oily” or ' greasy ' spot, and apparently in parts
of Costa Rica it is being referred to as 'butterﬁ'
spot. As none of these designations seems fu
appropriate to the author, the disease in New
Guinea is being referred to as ' Wellman's leaf
and fruit spot ’, as Wellman was the first to pub-
lish a description of the condition and the first
to conclude that it was apparently of virus cau-
sation.
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Investigation into the Cause of Leaf Tumours
of Tea Seedlings.

Dororny E. SHAW * AND W, M. BURNETT t.

ABSTRACT.

Tumours occurred on the early true leaves of tea seedlings derived from seed
from two localities in New Guinea, and from Ceylon, India, Malawi and Australia,
grown in a glasshouse and a laboratory at Port Moresby and in the field in New
Guinea, New Britain and Australia. Leaves produced later on these plants were

unaffected. Recently a report of leaf tumours of tea seedlings in nuyseries in Malawi
bas also been received.

Experiments reported herein seem to eliminate the following as gom’b!e causes
of the condition . micro-organisms, mites, insecticide, copper fungicide, hormone herbi-
cide, charcoal packing, sawdust used in pregermination beds, timber used in pre-
germination boxes, the water supply and the local soil,

Slightly fewer seedlings with tumours occurred with whole or partial removal
of the seed coat before germination than when seed remained intact, and slightly fewer
with soil than with inert crushed imported quartz. No malformed leaves occurred
on 66 " seedlings’ developed from embryos excised from their cotyledons and grown
to the two to six leaf stage on nutrient agar. Ten times more seedlings developed
tumours at high temperatures in the glasshouse than in a coolroom. There were ten
times more tumours on seedlings grown from immature 'ripe’ seed from capsules

picked green from the seed bearers than from mature seed which had debisced
naturally from the capsule.

It is suggested that the cause of the tumounrs may be a growth substance found
in immature "vipe' seed, with little or no residual substance present in mature seed.
The concentration or activity of the substance appears to be affected by the removal
of the seed coat and by temperature.

INTRODUCTION.

'pertPlastjc malformations of young true
tea seedlings derived from seed from
arantine in Port Moresby

EXPERIMENTAL
METHODS.

causes of the condition were as follows :—
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The various factors considered as possible

- were described by Shaw (1965). Although the
- malformations somewhat resembled symptoms of
blister blight of tea, no mycelium, basidia or
- basidiospores were found in or on the tumours.
Later, malformations were also found on seed-
lings derived from seed produced in Malawi,
4 non-blister blight area. The following investi-
. pations were undertaken to determine the cause
!_?tgf the condition.

Plant Pathologist and Plant Patholo%i:t,
aepartmcat of Agriculture, Stock and Fisheries, Port
oreshy,

1. Presence of Exobasidium vexans;

2. A factor connected with the source of the
seed ;

3. A carcinogenic substance present in the
timber species of the sawdust and shavings
used for pregermination ;

4. A compound used in the preservation treat-
ment given to some of the timber from
which the sawdust was derived ;

5. The insect fumigation treatment used on
one consignmcnt of seed with a high per-
centage of tumours in the seedlings ;
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6. The effect of the cor?per oxychloride used
by the quarantine staff as a fungicidal treat-
ment on the seed ;

7. The effect of charcoal or crude wood ash
used as packing for seed during transporta-
tion ;

8. Hormone herbicide contamination at the
Laloki Plant Introduction Station ;

9. The effect of the Laloki River water used
for watering at the Quarantine Station, and
of the laboratory water supply derived from
the town water supply, which is treated for
bacterial contamination ;

10. A substance present in the soil (ex Goldie
River alluvial flats) used at the Laloki
Quarantine Station ;

11. The effect of insects such as mites ;
12. The effect of a micro-organism ;

13. Damage to the cotyledons prior to ger-
mination ; and

14. A factor associated in some way with the
seed itself.

Seed from overseas was obtained from Ceylon
(as reported previously by Shaw, 1965), Malawi,
India and Australia. = Local seed was obtained
from the Government Tea Plantation at Garaina.
approximately 130 miles direct from Port
Moresby, and from a private plantation, ' Arau ',
approximately 240 miles direct from Port
Moresby.

The *laboratory * experiments reported in the
following section were conducted at Port Moresby
either in the glass house, air-conditioned labora-
tory or in the open outside the laboratory, and
at the Quarantine Station at Laloki, 12 miles
from Port Moresby.

The sowing reported from Brisbane, Australia,
was kindly made on request by the staff of the
Plant Pathology Section, Department of Primary
Industries, at Indooroopilly, near Brisbane. The
results were recorded by that staff although the
senior author examined the plants when germina-
tion was complete.

The percentage germinations are known for
all the above experiments except those for the
seed from Ceylon and the seed in Experiment 4.
The precise number of seeds sown in those two
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cases was not recorded by the quarantine and
chemistry staff respectively (who carried out the
sowings), so both figures are shown as ' 50 per
cent +/—".

Readings on each experiment were made
weekly, affected seedlings (with one or more
leaves affected) being ringed by coloured wire
which remained in place until the conclusion of
the experiment.

All the experiments were maintained until
percentage germination remained stationary for
approximately three weeks, except for Experiment
10, the seedlings of which were required by the
chemists three months after sowing.

The final figures for percentage germination
and percentage of seedlings with tumours on the
leaves are given for each experiment; weekly
recordings are given only for those experiments
where differences in speed of germination were
important.

While specific experiments with controls were
planned for each of the factors given above, some
treatments were repeated in later experiments ;
the combined results are marked 'TAPE'
(Total All Pertinent Experiments) in the Tables,

The seedlings with tumours in the field (in
nurseries) at Garaina, New Guinea (Plate [),
and at South Johnstone in North Queensland,
were recorded by the senior author during visits
to those sites. As precise details were not known
as to numbers of seeds sown, seeds germinated
and seedlings with tumours no percentages can
be given, but a positive recording is shown a
"+ in the column under ' Tumours. Percent-
age’ in the Tables. The staff at both places had
not noted the tumours until they were pointed
out.

The seedlings with tumours in the field at
Vudal, New Britain, (500 miles from Port
Moresby) were noted in November, 1967, by
Mr, Kana Aburu, who had been on the staff
at the Quarantine Station, Laloki, when the first
tumours were noted in 1964, Mr, Abum
reported that 1,000 seeds were planted, and 50
to 60, or more than five per cent., of the result-
ing seedlings had tumours on one or more of the
early produced leaves but as the precise figures
are not known the symbol * + * is shown in the
" Tumours. Percentage ' column in the Tables.
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Plate 1.—Hyperplastic malformations on leaves of tea seedlings from the field, Garaina, New
Guinea, resulting in abnormal leaf curl,

RESULTS.

Hyperplastic malformations or tumours as pre-
viously described (Shaw 1965), occurred on some
of the first-produced true leaves of some seed-
lings, usually one, often two or three and
occasionally more leaves being affected (Plate
I). No leaf past the eighth has been noted
with tumours, even though many affected and
unaffected seedlings were kept under observation
for over a year. Leaves were usually but not
invariably consecutively affected and occasionally
one or more of the early leaves were normal
whereas later leaves (although still within the
first eight) were malformed (Plate 11). The
chlorotic globular nature of some of the affected
leaves is illustrated in Plate 1II.

From and including Experiment 15 all unger-
minated seeds were dug up and examined at
the conclusion of each experiment. A small
number of seeds were found to have germinated,
but the malformations of the leaves were such
that they had not penetrated above soil level at
the time when germination of the other seeds
had apparently ceased.

Occasionally a seedling whose first shoot with
tumourous leaves did not emerge above soil level
produced immediately above the cotyledonary
junction a second shoot which bore only normal
leaves. Three such plants are shown in Plate 111

On only three occasions were tumours found
on the flat surfaces of the cotyledons. In all
cases they were on apparently *ungerminated
seeds dug up at the conclusion of experiments.
They are shown in Plate 1V.

The results of the experiments, arranged
according to the factor tested, are given below :

Possible Presence of Exobasidium vexans.

As shown in Table 1, leaf tumours occurred
in 18.2 per cent. of seedlings derived from seed
from countries where blister blight has never
been recorded (Malawi, Australia and New
Guinea) as well as in 19.2 per cent. of seedlings
from seed from countries with blister blight
(Ceylon and India). It is concluded, therefore,
that the blister blight fungus was not responsible
for the condition, even though some of the
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Plate 11.—Hyperplastic malformations of early true leaves of tea seedlings at Laloki,
Papua, from Indian seed.
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tumours superficially resembled blisters caused
by E. vexans.

Microscopic examination of tumours failed to
reveal mycelium, basidia, or spores on or in the
malformations.

Source of Seed.

Tumours occurred in 13.6 per cent. of seed-
lings derived from seed from overseas (Ceylon,
India, Malawi and Australia) as well as in 26.5
per cent. of seedlings germinated from New
Guinea seed, as shown in Table 2. It is con-
cluded, therefore, that the factor causing the

T

ol

Plate III.—Tea seedlings with shoots with mal-
formed leaves below soil level and later produced
normal shoots extending above soil level.
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Table 1.—Percentage of seedlings with tumours

derived from from countries with and without
Exobasidinm Vexans.
g =
g €4 I* ¢
Factor being tested. = =2 g .2
=£ | £5 |=38
25| 5& |B5:
Sources of seed with E.
vexans—
Ceylon ... -] 1235 504/— 95
India ... L e S 1376 58.6 28.7

2611 54.0 19.2

Sources of seed without E.
vexans—

Malawi ... 1807 38.7 4.5
New Guinea—
Garaina

Laboratory sowings,| 2626 40.4 28.9
P.M.! TAPE®

Sown in field, Garaina 4+
Sown in field, New -
Britain
Laboratory sowing, 343 742 0.0
Brisbane, Qld.
" Arau"”

Laboratory sowings, 186 465 408
P.M.

Australia—
Laboratory sowings, 416 839 14.7
P.M.

Sown in field, South e
Johnstone, North
Queensland

5378 427 18.2

1. P.M.=Port Moresby.
2, TAPE="Total all pertinent experiments,

tumours was not confined to seed from local
sources.

Carcinogenic Substance in the Timber Species
of the Sawdust.

In case a carcinogenic substance was present in
the timber from which was derived the sawdust
in which the seed from Ceylon and Malawi was
pregerminated, an early experiment was designed
to determine the percentage malformations of
seedlings pregerminated in sawdust in comparison
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Plate IV.—Three tea seedlings with large tumours on the coty-
ledonary faces and tumourous true leaves.

with other media. It will be seen from Table
3 (a), that malformations occurred in seedlings
germinated in media other than sawdust (total
26.1 per cent.) as well as in those pregerminated
in sawdust (total 13.1 per cent.) and it is con-
cluded that the cause of the malformations was
not associated with the timber species from which
the sawdust was derived.

A Preservative used on the Timber Providing
the Sawdust.

When the malformations were also found on
the Malawi seed, it was thought that a preserva-
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tive used on some timber in the Territory may
have been present in some of the sawdust  used
in the pregermination boxes, and may have

1 The composition of the preservative for the
C.S.L.R.O. Dip Diffusion Process, as supplied by Mr.
E. Fogl, Hickson & Co., Sydney, is as follows:—

Per

cen.
Sodium borate pentahydrate .. o, B3
Sodiuin  Auorae T LT L ety RS 15
Arsenic pentoxide ... e o
Sodium dichromate .. .. @ .. 9
Barie stidas e be. wimmesnit U el
Sodium pentachlorphenate (optional) ... 05

Footnote continued at foot of first column, page 173.




Table 2.—Percentage of seedlings with tumours
derived from seed from overseas and New Guinea,

g =
b~ = = al
Factor being fested. o= S5 lu 2
=Sl =t EmEEtE
BE ES |EEE
=& S8 |B2&
Seed from overseas sources—
(ST i e g Wl (e 4 1237 s04+/— 95
a7 e BT 1376 58.6 28.7
Malawi ... e [N 1807 38.7 4.5
Australia
Laboratory sowings, 116 83.9 14,7
PM}
Sown in field at South -+
Johnstone, North
Queensland

4836 484 13.6

Seed from New Guinea—
Garaina seed

Laboratory
PM! TAPE

Sown in field, Garaina -+
N.G.

Sown in field, New -+
Britain
Laboratory
Brishane, Qld.

“Arau " seed
Laboratory
PM.

g sowings, 2626 404 289

sowing, 343 74.2 0.0

SOWings, 186 46.5 40.8

3155 31.6 26.5

1. P.M.=Port Moresby.
2. TAPE—Total all pertinent experhments,

cansed the malformations. From the percentage
malformations given in Table 3 (b), it will be
seen that tumours occurred in seedlings germin-
ated in media other than sawdust (soil or
crushed quartz) (total 26.1 per cent.) and in
sawdust known to be free from preservative
(total 27.9 per cent.) as well as in the suspect
sawdust (total 6.4 per cent.).

No tumours occurred in seedlings germinated
in sawdust with preservative, but total germina-
tion in this treatment was only three per cent.

! Fumigated with ethylene dichloride 75 per cent.
and carbon tetrachloride 25 per cent. mixture at 20
cc. per kg. of seed, exposed for 48 hours.
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This drastic reduction in germination indicates
that it was unlikely that, even if tﬂreservative
were in the suspect sawdust, it was there in any
considerable portion of it. It is concluded that
the preservative was not responsible for the con-
dition.

Fumigation of Seed.

One of the early seed lots (from India) had a
high percentage of seedlings with malformations
(28.7 per cent.) and, as this seed had been fumi-
gated * against insects, passing consideration was
given to the insecticide as a possible cause of the
tumours, It will be seen from Table 3 (c),
however, that malformations were recorded also
when seed was not treated with insecticide (16.6
per cent.).

Charcoal or Crude Wood Ash as Transport
Packing.

From the figures given in Table 3 (d), it will
be seen that seedlings with tumours occurred not
only with seed which had been consigned in
charcoal or wood ash (total 19.8 ir cent.), but
also with seed not packed in these materials
(total 17.9 per cent.). It is concluded that this
packing material was not implicated as a tumour-
producing agent.

Copper Fungicide Treatment of Seed Prior to
ermination.

As the seed ex Ceylon, Malawi and India had
been soaked in a copper funglade by the quaran-
tine staff prior to sowing, experiments were con-
ducted with copper oxychloride at different con-
centrations with soaking for different periods of
time, and with copper sulphate. As will be seen
from Table 4, however, malformations occurred
with seed soaked in water for three hours and
unsoaked (total 27.3 per cent.) as well as with
seed soaked in copper fungicide at various con-
centrations and times, the total percentage mal-
formations of the combined copper treatments

In order to determine whether this batch of sawdust
had been treated by preservative, a chemist of the
Department of Forests carried out a test for boron,
which proved negative, and a chemist, Department of
Agriculture, Stock and Fisheries, carried out a test for
arsenic, which proved positive at a very low level of
concentration. As the compounds used in the pre-
servative are water soluble and the sawdust had been
subjected to watering for various periods, it was con-
sidered that some at least of the timber contributin
to the sawdust and shavings had probably been treat
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Table 3 —Percentage of seedlings with tumours grown in media with and without sawdust, preservative,
and with and without fumigation and wood ash packing of seed.

Total No. of ; Seedlings
Factor being lested. Treatment. seeds E::?;:?;'Zn with tumours.
germinated. | P 9€-| Percentage.
(a) Carcinogenic substance| Seed germinated in sawdust or shavings TAPE #| 4614 45.1 13.1
in the r species pro-| Seed not germinated in sawdust TAPE| 3377 47.4 26.1
viding the sawdust
(b) A preservative used on| Seed germinated in sawdust with preservative 6 3.0 0.0
the timber providing the| Seed germinated in sawdust with slight evidence| 3132 42.6 6.4
sawdust of preservative.
Seed germinated in sawdust known to be without| 1420 55.8 279
preservative
Seed germinated in soil or crushed quartz TAPE| 3433 473 26.1
(¢) Fumigation of seed ...| Seed fumigated with insecticide 1376 58.6 28.7
Seed not fumigated TAPE| 6615 441 16.6
(d) Charcoal or wood ash Seed packed in charcoal or wood ash TAPE| 3226 47.3 19.8
as transport packing
Seed not packed in charcoal or wood ash TAPE| 4765 45.2 17.9

* PAPE—"Total all pertinent experiments.

Table 4—Percentage of seedlings with tumours with and without various copper treatments.

Factor being tested. Treatment. anasieeI::‘ s Ee"“'",'"““ wi?lfedn::og:u.
germinated. | PEFCEMA0E | percentage.
Copper fungicide treatment of | Soaked in " Cuprox " 1 1b./20 gall. 3 hours 1237 | s04/—|" 95
prior to germination 1 oz./gall 1 hour 1807 38.7 4.5
3% oz./2 gall. % hour 1376 58.6 28.7
1 1b./20 gall. 3 hours 229 229 5.7
1 1b./10 gall. 3 hours
TAPE * 31 31.0 19.3
2 1b./10 gall. 3 hours
TAPE 253 31.6 17.0
2 1b./10 gall. 6 hours 12 32.4 41.7
Copper sulphate 2 1b./10 gall. 3 hours 32 32.0 15.6
Not_dtrcated with copper fungi- | Soaked in water for 3 hours TAPE 221 31.6 25.8
cide
Not soaked TAPE| 2793 54.5 27.5
Total all above experiments | Copper fungicide treatment of seed v | 4977 43.2 13.4
Not treated with copper fungicide ... .. 3014 51.8 27.3

* TAPE—Total all pertinent experimenta.
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being 13.4 per cent. It is concluded that copper
was not the tumour-inducing agent,

Hormone Herbicide Contamination.

Although the staff at the Quarantine Station
stated that neither soil nor containers nor imple-
ments cou'd have been contaminated with hor-
mone herbicide, it was considered that this pos-
sibility could not be overlooked. It will be seen
from Table 5 (a), however, that the malforma-
tions occurred in seedlings grown under the strict-
est experimental conditions outside and inside
the glasshouse at Port Moresby, as well as inside
the air-conditioned laboratories, where many of
the plants were further Erotectcd by c[plastic ags
placed over the pots when the seed was sown
and not lifted until after the first malformations
occurred, watering being from the base and the
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growing medium imported crushed quartz. No
hormone herbicide was ever used in the vicinity
of the laboratories, where the total percentage
of seedlings with tumours was 20.5 per cent.,
the total at Laloki being 14.5 per cent.

Laloki River Water or the Laboratory Water

Supply.

As plants at the Quarantine Station are
watered with a supply drawn directly from the
Laloki River, and as plants at the Port Moresby
laboratories are normally watered with the town
water supply, which is also drawn from the
Laloki River and treated against bacterial con-
tamination, experiments were designed to deter-
mine whether a decrease in malformations
occurred if the plants were watered with
de-ionized water. As will be seen from Table 5

Table 5.—Percentage of seedlings with tumours with and without possible hormone contamination and with
different water sources and growing media.

Tofal No. of A Seedlings
Factor being fested. Treatment. seeds G:m:f:':“ ith fumours.
germinated. | P 98- [percentage.
(a) Possible hormone her- | Seed germinated at Laloki, perhaps with herbicide| 5284 425 14.5
icide contamination contamination TAPE *
Seed germinated in laboratories, or inside or out-| 2707 55.0 20.5
side glasshouses, with no possiblity of herbi-
cide contamination TAPE
(6) Water Source ... | Laloki River water or laboratory water suRpIE 6665 43.3 17.1
TAP.
De-ionized water TAPE 983 46.6 35.1
Laboratory water, Brisbane 343 74.2 0.0
Rain in field at Garaina, New Guinea -+
Rain in field at Vudal, New Britain R
Rain and perhaps local water supply, South John- -+
stone, North Queensland
(¢) Growing medium and/or| Goldie River soil or in soil from around Port| 5476 42.7 14.4
an agent in the dust Moresby TAPE
Crushed imported quartz, but exposed to Port 851 37.5 16.8
Moresby dust TAPE
Crushed imported quartz in air-conditioned labora-| 1321 73.6 225
tory, Port Moresby TAPE
Sand/peat mixture at laboratory, Brisbane, 1300 343 74.2 0.0
miles from Port Moreshy
In field at Garaina, New Guinea, 130 miles from 4
Port Moresby
In field at New Britain, 500 miles from Port -+
Moreshy
In fie'd at South Johnstone, North Queensland, +
570 miles from Port Moreshy

" * TAPE—Total all pertinent experiments,
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(&), however, malformations occurred in seed-
lings watered with de-ionized water (total 35.1
per cent.) as well as in those receiving Laloki
River water direct or from the town water supply
(total 17.1 per cent.). Tumours also occurred
in seedlings germinated in the field at two locali-
ties in New Guinea (Garaina and Vudal, New
Britain) and at South Johnstone, North Queens-
land. It is concluded that no tumour-inducing
agent occurred in the Laloki River water or in
the laboratory water supply.

Goldie River Soil, or an Agent in the Dust
Derived from the environs of Laloki or
Port Moresby.

In case a tumour-inducing agent was occurring
in the soil used at the Quarantine Station or in
the sowings in the Port Moresby glasshouse, other
sowings were carried out in crushed imported
(Norwegian) quartz® in plastic pots washed
with alcohol and then de-ionized water, the pots
being covered with plastic bags and watered
from the base so that there was little dust con-
tamination ; they were then kept in the air-con-
ditioned laboratories. From Table 5 (¢) it will
be seen that tumours occurred in seedlings grown
in crushed quartz under the above conditions
(22.5 per cent.) as well as when grown in quartz
but exposed to Port Moresby dust (46.8 per
cent.) or when grown in local soil (14.4 per
cent.) ; more malformations occurred in quartz
than in soil. They also occurred in seejlings
raised in the field at two sites in New Guinea
(one 130 miles away and the other 500 miles
away in New Britain) as well as in the field at
South Johnstone, North Queensland, (570 miles
away). It is concluded thercfore, that the
tumour-inducing agent was not in the local soil.

Effect of Insects such as Mites.

In case the malformations were the result of
mite attack, two experiments were designed to
see if a reduction in tumours occurred when a
miticide was used on the seed and on the grow-
ing plants.

In the first experiment, 200 seeds of a 400 seed
lot from Garaina were sprayed with miticide
[dicofol (‘Kelthane') 1 in 500}, 100 being
sown in autoclaved quartz in plastic pots and 100
in unsterilized soil in plastic pots, the surface

! The quartz consisted of angular chips about 0.5 to
3.0 mm. long by 0.5 to 1.5 mm. wide and thick.
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of the media of both sets of pots also being
sprayed with miticide every 14 days from the
time of sowing. The remaining 200 seeds
received no miticide treatment ; 100 were sown
in unsterilized quartz and 100 in unsterilized soil.
The full details of the results are shown in
Table 6 (a), (&) and (c).

Seed germinated quicker in quartz than in soil
(24.0 per cent. against 3.5 per cent, germination
six weeks after sowing [ng}e 6 (a) and (£)1])
and total germination was higher in quartz
[Table 6 (a) and (b)]. Percentage of seed-
lings with tumours was also higher in quartz
than in soil, being 12.3 per cent. against 3.6 per
cent. [Table 6 (a) and (4)].

Apart from the nutritive level, the main dif-
ference in the two media was the quick draining
properties of the quartz—the bulk of the water
applied to its surface drained through within
seconds. It was for that reason that plastic
bags were inverted over the surface to prevent
excessive drying out,

Tumours occurred in treatments receiving
miticide (5.0 per cent) as well as in those
without miticide (12.4 per cent.) [Table 6 (b)].
The higher figure in the non-miticide treatments
was related more to the speed of germination
in unsterilized quartz than to the absence of
miticide treatment, the number of seedlings with
tumours being approximately equal at the same
stage of germination, as shown in Table 6 (a).

Miticide treatment was also incorporated into
a later small experiment (Experiment 12) involv-
ing whole or partial peeling of the seed coat
prior to sowing in quartz. The resu'ts set out
in Table 6 (¢) show that seedlings with tumours
occurred in the miticide treatment (35.7 per
cent.) as well as in the non-miticide treatments
(28.0 per cent.) with partially or wholly peeled
seed ; the figure with unpeeled seed was 51.1 per
cent.

From the above two experiments it was con-
cluded that mites were not the cause of the con-
dition.

Close observation of seedlings grown in the
laboratory experiments failed to reveal evidence
of mite attack.

The effect of a Fungus, Bacterium or Virus.

As shown previously (Shaw 1965) no
mycelium was found in sections of malformed
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Table 6 (a).—Percentage germination and seedlings with tumours with and without miticide.

Seeds treated with miticide, and miticide applied * tyrie
Wi fortnightly from dafe of sowing. o miticide.
Date. Autoclaved quartz. | Unsterilized soil. | Unsterilized quartz. | Unsterilized soil.
" ¢ e 8o AL . - g .
£%5 ==2% £% =2§ £8 | £33 £8 | ==%
EC BEL B=g = B 1= e
=g S5 & S5 2 | X553 O (R
3.8.1966 23.0 0.0 3.0 0.0 25.0 8.0 4.0 0.0
11.8.1966 35.0 29 15.0 0.0 37.0 5.4 11.0 0.0
25.8.1966 48.0 42 15.0 0.0 47.0 6.4 19.0 0.0
8.9.1966 51.0 3.9 23.0 0.0 58.0 8.6 23.0 0.0
15.9.1966 52.0 3.8 25.0 0.0 60.0 11.7 28.0 0.0
22.9.1966 54.0 3.7 26.0 0.0 63.0 12.7 30.0 0.0
29.9.1966 56.0 5.4 29.0 34 68.0 15.2 3110 0.0
6.10.1966 56.0 5.4 35.0 2.9 68.0 14.7 34.0 29
15.10.1966 57.0 7.0 36.0 2.8 71.0 16.9 37.0 5.4
25.10.1966 58.0 6.9 40.0 2.5 79.0 16.5 39.0 3.1
5.11.1966 58.0 6.9 40.0 2.5 79.0 16.5 40.0 5.0
17.11.1966 59.0 6.8 41.0 24 79.0 16.5 41.0 48
24,11,1966 59.0 6.8 41.0 2.4 79.0 16.5 41.0 4.8
1.12.1966 59.0 6.8 41.0 2.4 79.0 16.5 42.0 4.8
* Mitlcide applied fortnightly to surface of growing medium, and to seedlings,
Table 6 (b).—Analysis of Table 6 (a).
iy Seedlings
s Germination Hith tudiotrs.
percentage. Percentage.
Growing medium
Quartz ... 6 weeks aftet SOWIDE | oo e o e 24.0 0.0
20 weeks after sowing L4 ~ 69.0 12.3
1 e e 6 weeks after sowing .. .. 1 3.5 0.0
20 weeks after sowing vl A=t 41.5 3.6
Pest control
Miticide 50.0 5.0
No miticide 60.5 12.4

leaves and it was concluded that no internal
fungus was responsible for the condition.
Examination of further sections also failed to
teveal any bacterial masses or fungal hyphae
which could hardly have been missed unless in
an extremely dilute condition and confined in
action to the first few leaves.

High tumour percentages occurred in seedlings
grown in crushed quartz which had been vigor-
ously washed with tap water, as well as in soil.
Tumours also occurred in seedlings grown in
autoclaved crushed quartz which was watered
from the base with de-ionized water, the pots
being covered by plastic bags which were not

VOL. 19, No. 4—MARCH, 1968.
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Table 6 (c).—Percentage germination and seedlings
with tumours with and without miticide in second

experiment.
—
i S8 iy
2 £ 52
3 ES =E¢&
= SE 3 &
vy
Miticide
Seed coats partially or 93.3 35.7
wholly removed
(100 seeds)
No miticide
Seed coats partially or 83.0 28.0
wholly removed
(100 seeds)
Seed coat intact 69.5 51.1
(200 seeds)

removed, the pots and saucers having been pre-
viously washed as described in an earlier experi-
ment.

While the above experiments do not com-
pletely rule out the possibility of external fungi
or bacteria causing the malformations, it is con-
sidered that it is unlikely that they are involved.
Moreover, seeds from which the seed coats were
removed produced seedlings with slightly fewer
malformations than those from seeds with the
seed coat intact, a reverse situation from what
might have been expected if external organisms
were responsible for tumour formation.

In another experiment four newly-emerged
malformed leaves were macerated in de-ionized
water and applied to the growing tips of six
healthy young tea seedlings, the tips covered with
small pads of wet cotton wool and the plants
held in a humid chamber for 30 hours. Young
newly-emerged leaves of healthy seedlings were
also macerated in de-ionized water and applied
to the growing points of six healthy seedlings
and treated as above. Small pads of wet cotton
wool were also applied to the tips of six other
healthy plants which were held in the humid
chamber. No malformations occurred on the
subsequent leaves of any of the seedlings. It
was concluded that if a virus were causing the
condition it was not mechanically transmitted by
the method used.

1t is also considered unlikely that a virus would
cause symptom exptession on the first few true
leaves of seedlings but not on the later leaves.
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As shown in Plate I11, some seedlings occurred
where the first shoot had severely malformed
leaves but a second shoot produced immediately
adjacent to it was free from the condition. From
this observation it seems unlikely that an organ-
ism was involved as the causal agent.

As recorded later, no malformations occurred
in embryos excised from the cotyledons and
grown on nutrient agar; if a virus were the
cause of malformations it would probably have
been present in the leaf primordia and would not
have been excluded by the excisions.

In the early experiments many seedlings were
grown in the same flat and in later experiments
seedlings were usually grown ten to a pot. In
each case affected seedlings were randomly dis-
tributed, which suggests that a soil-borne organ-
ism was not responsible for the condition.

It has not been demonstrated that a micro-
organism was involved as the causal agent of
the malformations and from the evidence given
above it is considered unlikely that one is respon-
sible for the condition.

Damage to Cotyledons prior to germination.

If a random sample of sinkers of seed picked
in the usual way at Garaina is examined before
germination, it will be found that often a very
small percentage of such seed has cotyledons
showing damage. The damage may consist of
a pinpoint of discoloured tissue, or a larger area
of discolouration with obvious difference between
the consistency of the normal cotyledon tissue and
the discoloured tissue. In case such damage led
to the production of tumours on the leaves of
the scedlings, the cotyledons of a number of
affected seedlings were examined, but no sign
of such damage was noted.

It is concluded that tumours can be produced
on seedlings whose cotyledons are free from
macroscopic damage.

A Factor associated with the seed itself.

It was at first thought unlikely that any factor
intimately connected with the sced itself could
have been causing the tumours, as they
in seedlings derived from sced ex Ceylon, Mala-
wi and India, where huge quantities of seed have
been germinated since the inception of the tea
industries in those countries, without, as far as



the authors are aware, such tumours having been
reported.

After the experiments described in the pre-
vious sections had apﬁarently ruled out any
association with external factors, the possibility
was considered that the tumour-inducing agent
was in some way associated with or inherent in
the seed itself. This view was also supported by
the following observations :—

Tumoured leaves were often visible as soon

as the first sign of germination occurred ;

The tumours mainly involved the first few

leaves, the first, second and often the third
usually being affected although occasionally
up to the seventh and on one occasion up
to the eighth leaf was affected. Very
occasionally a lower leaf or even leaves
apreared normal, with a later leaf (but
still within the first eight) being affected ;
and

Although some plants, e.g., malformed ones
ex Malawi seed, were kept in the same
environment for over a year, no further
tumours developed, and even malformed
seedlings ex Indian seed (which had a high
percentage of malformations) kept for ten
months showed no further sign of tumours.

Experiments were therefore set up to test the

- hypothesis that the tumour-inducing agent was

- present in the seed.

At the same time an
enquiry was made into the maturation of the
seed at Garaina,

It was found that seed is produced all the
year round at the Garaina Station, but the staft
state that if it is allowed to remain to full
maturity on the trees it is attacked by insects and
moulds and loses its viability. This statement
is given without comment, as the matter has not
been studied by the authors. The local practice,
however, is to pick the capsules from the trees
when fully formed but before natural dehiscence
takes place, although the seed is capable of ger-

- mination. The seed ex Garaina reported in the

experiments described so far was preglared b
picking capsules from the bearers while sti
green, floating the seed in water and forwarding

- the sinkers to Port Moresby by air.

A. Mature and immature seed.

In order to test whether a tumour-inducing
agent was associated with the seed itself, seed
selected to give a difference in maturity was
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obtained from the Garaina Tea Station as fol-
lows :—

Debhisced ripe seed.

Twelve seed bearing trees were shaken and
the material which fell was caught on
covers laid underneath on the ground.
From this material the dried ripe seed was
selected, immersed in water and the floaters
discarded. Such seed was difficult to obtain
in quantity as mentioned above, and only
100 seeds were available,

Undebisced * vipe’ seed.

Undehisced capsules were picked from the
trees, the seeds, however, being sufficient]
‘ripe’ in the Manager’s (}pinion to germi-
nate. (Apparently seed from a few cap-
sules at the same visual stage of maturity
which had fallen from the tree, were also
included.) (100 seeds.)

Both the above seed lots which had been for-
warded in cardboard boxes to Port Moresby
without charcoal packing were washed once in
tap water and twice in de-ionized water, and the
p[l;stic germination pots and saucers washed
three times in tap water and once in de-ionized
water. The seed was sown in crushed imported
quartz (usually used as an inert medium for
nutritional studies) and kept in an air condi-
tioned laboratory, each pot being covered by a
plastic bag as soon as the seed was sown and
watered with de-ionized water from the bot-
tom, so that the plastic bag did not have to be
removed.

The results are shown in Table 7, from which
it will be noted that—

germination was quicker from ripe seed which
had dehisced naturally than from ° ripe
seed not naturally dehisced, (44 per cent.
as against 11 per cent. eight weeks after
sowing) although the final percentages were
of the same order ; and

the number of malformations occurring with
seed derived from green ‘ripe’ capsules
picked from the trees was over ten times
as great as that which occurred with seed
which had dehisced naturally (30.6 per cent.
against 2.7 per cent.).

In order to test the maturity factor further,
the Queensland Department of Primary Indus-
tries (Australia) kindly supplied from South

voL, 19, No. 4—MARCH, 1968.
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Table 7.—Percentage germination and seedlings with tumours derived from seed of different

maturities.
Date of reading. Seed h?:'nf:r:r;lpi;::s:!::i!:hi':h fel fEuﬁdi;:m;‘reﬁeelllu;igefe\:a;::leﬁ :‘I;::;iﬁ
: which fell from the trees).
3 Germination *ifﬁill:]“ofm Germination wifﬁmﬁsﬁ.
percentage. Percentage. percentage. Percentage.

20.7.1966 44.0 0.0 110 36.4
3.8.1966 66.0 1.5 27.0 871
11.8.1966 71.0 28 38.0 29.9
25.8.1966 74.0 2.7 57.0 28.1
6.9.1966 74.0 2.7 65.0 29.2
15.9.1966 74.0 2.7 69.0 29.0
22.9.1966 74.0 2.7 72.0 30.6
29.9.1966 74.0 2.7 73.0 30.2
6.10.1966 74.0 2.7 74.0 29.8
13.10.1966 74.0 2.7 76.0 28.9
25.10.1966 74.0 2.7 820 30.5
3.11.1966 74.0 2.3 84.0 29.8
17.11.1966 74.0 2.7 85.0 30.6
24.11.1966 74.0 2.7 85.0 30.6
1.12.1966 74.0 2.7 85.0 30.6

Tablbe 8—Percentage germination and seedlings with tumours derived from seed of different
marturities.

Seed from green * ripe * capsules picked

Dry ripe seed which was picked up from from the free and placed in sun to

Date of reading. ground affer natural dehiscence

P induce slplilafginge et&fs ,napsu!s

i Germintion | i Gormination | i Str,

Percentage. Petcentage.
26.6.1967 0.0 0.0 0.0 0.0
7.7.1967 8.0 0.0 9.0 11.1
14.7.1967 26.0 3.8 21.0 238
21.7.1967 53.0 9.4 34.0 294
28.7.1967 67.0 89 40.0 32.5
4.8.1967 85.0 9.4 51.0 234
11.8.1967 88.0 9.1 53.0 32.1
18.8.1967 89.0 9.0 60.0 35.0
25.8.1967 89.0 9.0 67.0 343
1.9.1967 91.0 8.8 70.0 37.2
8.9.1967 92.0 8.7 72.0 36.1
15.9.1967 93.0 8.6 75.0 36,0
22.9.1967 93.0 8.6 77.0 35.1
22.9.1967 * 97.0 113 88.0 46.6

* 4 Ungerminated

seed dug up, and germinated seeds with and without tumours recorded

FPAPUA AND NEW GUINEA AGRICULTURAL JOURNAL



Johnstone, North Queensland, tea seed which
had dehisced naturally and fallen to the ground
over a period of several days, and 'ripe’ tea
seed from green capsules which had been picked
from the trees. Unfortunately it was found
later that after the green 'ripe’ capsules were
picked from the tree, they were placed in the
sun (for less than a day) to cause splitting of
the capsules, and this forced maturation ma
also have induced chemical changes in the seed.
These seeds, therefore, could probably not be
considered as ‘immature’ as the undehisced
‘ripe’ seeds described in the previous experi-
ment.

The seeds were sown in crushed quartz in
Elastic pots, watered with tap water from the
ase, and covered with plastic bags to prevent
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too rapid drying out. The results are given in
Table 8.

It will be noted that—

germination of the seed which had dehisced
naturally was again a little quicker than
that of the seed from the green ‘ripe’
capsules ; and

the number of malformations occurring with
seed derived from green 'ripe’ capsules
was four times as great as that which
occurred with seed which had dehisced
naturally (46.6 per cent. against 11.3 per
cent.).

From the above experiments it seems that the
factor causing hyperplastic malformations on up
to the first six or so true leaves of some tea

Plate V.—A. One seed with the seed coat completely removed exposing the bare cotyledons ;

four seeds with the outer layer of

the seed

coat removed, revealing the vascular strands

on the outside of the inner layer.
B. Three seeds with testae removed showing the papery skin, probably the remains of the
inner integument, peeled back ; half a seed coat with portion of the thin skin sdll in place
with point of pin visible through the transparent skin.

VoL, 19, No. 4—MARCH, 1968
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seedlings may be a growth substance present in
fully-formed but not fully ripened tea seed
which decreases with further maturity, so that
little if any is left in physiologically fully
mature seed. The authors are unaware of any
work on growth regulators or inhibitors govern-
ing maturation and dehiscence of tea seed.

B. The seed coat and embryo in relation to
maturity and to the tumour-inducing factor.

Examinations were carried out on a random
seed lot ex Garaina to determine the follow-
ing :(—

Whether the more immature seeds could be
distinguished macroscopically by examina-
tion of the seed coat ans embryo ;

If so, whether seed which was the more im-
mature on the basis of macroscopic separa-
tion gave rise to a high proportion of mal-
formed seedlings ;

Whether the length of the leaf and root pri-
mordia indicated the degree of maturity ;

Whether there appeared to be anything
unusual in the microscopic appearance of
embryonic leaves of 'ripe’ but undehisced
seeds ; and

Whether embryos excised from their cotyle-
dons resulted in seedlings with as many
tumours as occurred in seedlings from com-
plete embryos.

Complete or partial removal of the seed coat.

In preliminary work and five separate experi-
ments over a period of about 18 months, over
1,000 sceds were gently cracked with a hammer,
and note taken of the ease or otherwise with
which the seed coat or portion thereof could be
removed from the cotyledons. It was found
that—

some seed coats could be easily removed in
their entirety, leaving the cotyledons
cleanly exposed (one seed in Plate V, A) ;

in some cases the hard outer layer would
come away with a little pressure, leaving
portions only of the fibrous layer?
retained on the cotyledons ; and

in other cases the inner portion of the fibrous
layer was completely retained on the seed,
covering the whole surface of the cotyle-
dons (Plate V, A).

" Refer Appendix.
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The percentage of seeds which fell into the
above e groups in five experiments and in
the embyro study are shown in Table 9 under
'Pementajfe of sample.”.

As will be seen from the table the samples
varied considerably. However, the general
trend was that the more mature the sample and
the higher the germination, the more seeds
there were with complete split in the fibrous
layer, resulting in more seeds with the inner

ortion of the fibrous layer still adhering and
ess seeds with completely exposed cotyledons.

As was shown previously, and is somewhat
evident from Table 9, the more mature the seed
and the higher the germination the lower the
percentage of seedlings with tumours. i

Length of leaf and root primordia.

In one study the length of the leaf and root
primordial body 2 in 300 seeds was measured in
order to see whether this measurement could
be correlated with the retention or otherwise
of the fibrous layer of the seed coat or with
stages of maturity of the seed.

Three hundred seeds ex Garaina were gently
cracked, and divided into the three groups, viz,
fibrous layer removed, fibrous layer partially
retained and fibrous layer retained. The cotyle-
dons of the first group were then forced gently
apart, so that the leaf and root primordium
remained as a small protuberance at the base of
one cotyledon ; in the two other groups the top
of each seed was cut off with a scalpel and then
the cotyledons were forced apart.

The primordia were measured under the
stereomicroscope, 200 being measured in situ
and 100 after excision. The length ranged
from 0.7 to 4.0 mm. with 92.9 per cent. from
20 to 3.0 mm. The average length of the
primordia from seed in which the fibrous layet
was either partially retained or wholly removed
was 2.5 mm. while that of seeds in which the
fibrous layer was wholly retained was 2.7 mm.
The details are given in Table 10.

Although there were slight differences between
the average lengths of the primordia in the
three groups, the ranges were the same. It
was concluded that length of the leaf and root
primordial body of this seed lot ex Garaina did
not correlate with the of seed coat reten-
tion and could not be used as a measure of
maturity. It is possible that the leaf and root

* The embryo less the cotelydons.




Table 9.—Percentages of seed coat retention groups,

germination and seedlings with tumours, with different seed lots.

Seed coat partially or wholly removed.
i Seed coat intact.
Fibrous layer refained. F“‘""‘:J‘.’" partly Fibrous layer removed.
ained.
4 K g .. o ’ kb ; 4 g = :
8 25 4,388 ® ss 58 ..5‘6 3 s S .88 2 8s Sg s
Exp. Source. 2 58 8fS| 2 £§ 32 BEs| - £ 22 288 | < T 22 st
S €8 528! % BY E8 BJeg| I E° B 3= ° 8% EB Z=E
s g8 =38l = S 28 5L I S8 SFa 2 &5 85 =2
12a Garaina, New Guinea prorer |3 69.5 51.1 40 40.0 950 500 20 200 850 235 40 400 775 0.7
13 Arau, New Guinea | 200 445 50.6 120 60.0 55.8 41.8 55 275 473 ¢ (7 25 125 160 250
14a South Johnstone, Queens-| 100 88.0 46.6 97 647 845 7.3 18 120 778 00 B 118Y 568 T,
land ‘(Undehisced)
14b South  Johnstone. Queens- 100 97.0 113 110 753 818 2 8 55 730 0.0 12 8.2 0.0 0.0
land (Dehisc:xi)
15 Garaina, New Guinea ... 200 53.5 271 28 280 714 150 25 250 48.0 16.7 47 470 362 330
Embryo | Garaina, New Guinea ... 162 40.5 124 31.0 114 28.5
Study (400 seeds)

Table 10.—Percentages of seed with degree of seed coat retention and length of seed primordial

body.

Seed coat No. of | Percentage No. of leaf and root primordial bodies in length class (mm.).

refention. seeds. |ofsample.|” 15 | 20 | 25 | 30 | 3§ | 40
<
_2 Fibrous layer :
o Retained 111 37.0 16 54 30, 11
P Partially 100 333 1 25 51 21 2
=) retained
- Removed 89 29.7 1 18 43 21 3 %
%
2 300 100.0 2 59 148 72 16 3
& Percentage 0.7 19.6 493 24.0 5.3 1.0

€81
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primordia of fully physiologically mature seeds
which dehisce naturally from the tree may be
longer than those of the sample studied but
insufficient mature seeds were available for such
measurements.

Microscopic examination of embryonic leaves.

In another experiment 30 leaf and radicle
embryonic bodies were excised from seed,
mounted on slides in lacto-phenol and examined
microscopically.  Although 200 other whole
seeds from this sample gave rise to seedlings
51 per cent. of which had leaves with tumours,
and 40 other seeds whose testac were removed
gave rise to 9.7 per cent. seedlings with tumours,
no abnormalities could be recognized in the
embryonic leaves visible when examined.

Excision of leaf and root primordia.

An experiment was conducted to determine
whether f:af and root primordia excised from
seed gave rise to seedlings with tumours on the
leaves.

The hard seed coats of 100 seeds were gently
cracked with a hammer and the seed was divided
into three groups depending on whether the
coat could be wholly or partially removed, the
groups being ° fibrous layer removed, fibrous
layer partly retained and fibrous layer wholly
retained '

The cotyledons of the first group were forced
gently apart, the leaf and root primordia remain-
ing attached to the face of one cotyledon as a
small protuberance ; in the other two groups the
top ofcach seed was cut off with a scalpel and
then the cotyledons were forced apart.

The excisions were carried out under the
stercomicroscope, a dissecting needle being
inserted bencath the leaf and root primordial
body which was then forced gently upwards ;
in most cases it lifted cleanly from the cotyle-
dons with only slight rupturing of the attached
tissues,

Each primordial body was surface sterilized
in mercuric chloride (1 in 1,000) for 5 to 10

Plate VI.—A. " Seedling' grown on nutrient agar slant after excision of the embryo from
its cotyledons ; photographed in sitn.
B. Another ®seedling’ grown on nutrient agar slant after excision of the embryo from its
cotyledons ; photographed after removal to wet cotton wool.
Leaves of both * seedlings’ without malformations. Scale of A and B. 1 div. = 1 mm.
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secconds and placed on the surface of a slant of
potato dextrose agar. Some slants became con-
taminated with Penicillium sp. and some pri-
mordia dried out because of inadequate contact
with the medium. The majority, however,
began to green and produced from two to six
leaves within two months. The primordia were
nearly perpendicular on the surface of the slant,
and development of the plumule mainly
occurred at right angles to this, as shown in
Plate V1, A ; there appeared to be no or very
little geotropic orientation. In a few cases
where the primordia were accidently inserted
upside down, growth of the plumule proceeded
downwards. There appeared to be no delayed
germination as occurs with whole seed but
growth of the plumules was slow and appeared
to come to a halt after about two months,
probably because of the sub-optimal medium.
No root development occurred from any pri-
mordium, also probably due to inadequate nutri-
tion.

Disorganized tissue development occurred in
only two cases out of sixty-six, the white amor-
phous mass of cells apparently occurring in the
region of the ruptured tissue although the origin
was difficult to determine.

The seedlings were examined mainly at the
four-to-six-leaf stage, when they were up to
half an inch long. They were examined under
the stereomicroscope, but no tumours or mal-
formations were detected on any leaf (Plate
VI, B). It is possible but unlikely that mal-
formations may have occurred on later leaves.

A portion of the same seed lot was sown in
crushed quartz on the day the excisions were
carried out. The percentage germination and
malformations with this sowing are shown in
Table 11 together with the details of the
embryonic primordial excisions.

It will be noted that whereas tumours ocurred
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in 24 out of 60 scedlings raised from whole
seed, no malformations were detected at all on
leaves of 66 ‘seedlings’ derived from the leaf
and root primordial body excised from the
cotyledons of seed from the same sample and
grown on nutrient agar. Some of the leaves
of the seedlings from whole seed were as
severely tumourous as those shown in Plare II.

It would seem therefore, that if a growth sub-
stance is involved in tumour formation it is
concentrated in the cotyledons and not in the
leaf and root primordia.

Miscellaneous Experiments—Sowing at Bris-
bane, Australia, and parallel sowing at Port
Moresby.

Special mention must be made of the results
of a sowing kindly carried out by the Plant
Pathology staff of the Department of Primary
Industries, at Indooroopilly, near Brisbane.

The sowing consisted of 462 seeds ex Garaina,
New Guinea. It was made in 50 per cent. fine
sand, 50 per cent. peat moss mixture with fer-
tilizer (blood meal, potassium nitrate, potassium
sulg:hate, single superphosphate, dolomite lime
and calcium carbonate lime). Records were
made weekly of the number of seeds germinated
and of seedlings with tumours, as was the prac-
tice in all experiments in New Guinea.

Final germination was 74.2 per cent. and no
tumours were recorded (Table 12).

A parallel sowing of 300 seeds of the same
seed lot was made at Port Moresby, 200 being
sown with seed coat intact and 100 with the
seed coat wholly or partially removed. The
sowing took place two weeks before the Bris-
bane sowing and was made in crushed quartz,
the pots being kept outside the glasshouse.

Tumour percentages were 27.1 for seedlings
derived from whole seed and 23.7 for seedlings

Table 11.—Percentage of seedlings with tumours from seed and from embryos excised from
their cotyledons.

Seedlings from seed.

* Seedlings * from embryos excised from their cotyledons.

No. of seed No. of seeds "Tfn of :ﬁid' No. of primordia Mo, orown o N?i'n of * S]el;d-
sown. germinated. 1uqr:uurs excised. 2 to b leaf stage. tfmnuv:s
100 60 24 100 66 0
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Table 12—Percentage germination and seedlings with tumours in sowings at two sites with
the same seed.

PORT MORESBY
BRISBANE (300 seeds sown)
1443 seels Sowni Seeds with seed coafs partially
Whole seed Whole seed
(200 seeds) or wholly removed
(100 seeds)

: Seedlings o i Seedlings 1S Seedlings
Germination | i fumaurs, | SCMOONON |yt fumowrs. - SeTONON | yith umours.
PRFCESEGE Percentage. P ge. Percentage. P ge. Percentage.

74.2 0.0 53.3 27.1 59.0 23.7

derived from seeds whose testae had been wholly
or partially removed.

A comparison of the results of the Brisbane
and the Port Moresby sowings is given in Table
12. Tumours were present on seedlings grown
in New Guinea, but not on those grown in
Brisbane. If tumours had not been found in
the field in Queensland, it would have been
necessary to consider whether something in the
Australian environment was inimical to the pro-
duction of tumours, or conversely, whether some-
thing in the New Guinea environment was
responsible for them. However, tumours were
found on seedlings in the field at South John-
stone, Australia, so that the environment of the
Brisbane sowing was examined to see if any
f;ilanaticn could be found to account for the

of tumours.

The Brisbane peat/sand mixture had been
steamed at 180 degrees F. for one half hour
from two to seven days before sowing—no
record was kept of the precise time. No pre-
cautions were taken after sowing to prevent
aerial or other contamination. When the Bris-
bane results became available it was wondered
whether the heat treatment of the medium may
have destroyed a micro-organism or substance
responsible for the malformations in seedlings
in other instances. However, as tumours were
still produced on seedlings grown in autoclaved
quartz in the Port Moresl:{ laboratory where
special precautions were taken to prevent or
reduce subsequent contamination, it was con-
cluded that lack of tumours on the leaves of
the Brisbane seedlings was not due to the steam
heating of the peat/sand mixture.

Sowings of tea seed in the Port Moresby
laboratories were generally made within a few
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days of the seed being harvested, the period
before sowing being longer with foreign seed.
The seed ex Ceylon, for example, was nine days
in transit, and was probably harvested at least
several days before despatch. A period of
nineteen days occurred between harvest and
sowing of the seed in Brisbane, which may have
been one of the longest periods for any seed lot.

Investigations are still under way to determine
whether the length of time between harvest and
sowing affects the number of seedlings with
tumours ; at this stage it is not known whether
the long period before sowing of the seed in
Brisbane contributed to the lack of tumour for-
mation.

As shown in Tables 5 (¢) and 6 (a) and
(%), the percentage of seedlings with tumours
was generally lower for seed sown in soil than
in quartz. The Brisbane sowing was made in
peat/sand, with good water-holding capacity,
whereas the Port Moresby sowing was made in
jjuartz, which was very quick draining; this

ifference may have contributed in some way
to the lack of tumours.

The temperatures at Port Moresby during the
experiment are given in Table 13, together with
information available from Brisbane.
be noted that the minimum range was lower
for Brisbane than for Port Moresby, especially
during the first part of the experiment, and that
the maximum range was lower except for the
upper limit. It is shown in the next section that
seedlings grown at lower temperatures had fewer
tumours than seedlings grown at higher tem-
peratures. ‘The lower temperatures at Brisbane
may have been another factor contributing to
the lack of tumours.

It will

g P I g Wy e e s
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Table 13.—Temperatures at Brisbane and Port Moresby glasshouses.

BRISBANE PORT MORESBY

i Maximum Minima Maxima
Range Range Rang Average| Range Average
OF, oF. oF, . SF. OF,
Aug. 17 ] July 64-74 70.5 | 80-89 849
to £ 48-67 74-91 August 61-75 71.0 82-89 85.8
Oct. 2 ) September 58-74 69.5 | 81-92 86.0
Nov. 11 ] October  67-76 72.7 | 8190 87.8
to 63-74 76-105 November 62-75 71.2 80-85 90.6
Dec. 24 | December  68-74 71.7 88-97 92.7

Influence of temperature on germination and
production of tumours.

This _experiment involved 800 seeds, 400
being Boh jat from Garaina and 400 being
originally South Johnstone jat which had been
fmwn at Garaina for many years. Each seed
ot was further divided into two groups, one
half being sown in crushed quartz in the coolest
room available (a little-used air-conditioned
laboratory) and the other half in the same
medium in the glasshouse. Each group was
again divided into the one hundred smaller
seeds and the one hundred larger seeds.

Maximum and minimum thermometers
installed in both the glasshouse and the cool
room at the beginning of the experiment were
read each workday for five and one-half months.
From the ranges and averages of these readings,
as shown in Table 14, it will be seen that the
averages for the minimum and maximum tem-
Eeratures were 13.5 degrees F. and 30.3 degrees

respectively lower in the cool room than in
the glasshouse.

The light intensity in the glasshouse was
higher than in the cool room, but the authors

Table 14.—Minima and maxima temperatures at the
two sites of germination of Experiment 16 during

54 months.
Minima Maxima
Range  Average Range  Average
oF. OF, oF, oF,
Glasshouse 69-78 74.9 89-105  98.5
Cool room G61-64 61.4 66-74 68.2
Difference 8-14 13.5 23-31 30.3

consider that this was of minor importance
compared with the temperature differences.

The final recordings of percentage germina-
tion and seedlings with tumours are given in
Table 15, It will be noted that—

there was virtually no difference between the
germination and tumour percentages with
the small and large seeds [Table 15 (a)]
whose results could then be bulked ;

germination was slightly quicker during the
first six weeks in the glasshouse (records
not reproduced), but final germination was
higher in the cool room (Table 15) ;

Boh jat had slightly higher germination and
slightly lower tumour percentages than
South Johnstone jat (Tagfe 15) in both
the glasshouse and cool room ; and

the percentage of seedlings with tumours
was far higher in the glasshouse (55.5 per
cent,) than in the cool room (5.0 per cent.)
[Table 15 (c)]

The decrease in tumours with low tempera-
tures may explain why seedlings with tumours
have not been recorded (to the authors’ know-
ledge) in the main tea growing countries,’
where temperatures during germination at
higher altitudes are lower than at Port Moresby.
As mentioned previously, however, tumours
were also found in the field at Garaina at 2,350
feet.

*Dr. R. T. Ellis, Director of the Tea Research
Foundation of Central Africa, Malawi, informed
the authors in a letter dated 24.5.1968 that the
condition has now been found on seedlings in
nurseries in several places in Malawi.
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Table 15.—Percentage germination and seedlings
with tumours with large and small seed of two
ypes in two environments,

(a) Details of resnlts

Treatment. Germinaliunwif;eti:jﬁnfﬁ‘
percentage. Percentage.
Boh seed :
Cool room
small seed B o, 66.0 1.7
large seed ... . 67.0 1.5
Glasshouse
small seed .. i 44,0 52.3
large seed. | i s 42.0 47.7
South Johnstone seed :
Cool room
small seed Al 47.0 10.6
large seed PRI 58.0 8.6
Glasshouse
small seed .. . 38.0 68.4
large seed . e 38.0 55.2
(b) Large and small seed bulbed
Boh seed :
Cool room o i 66.5 1.5
Glasshouse . L 13.0 50.0
South Johnstone seed :
Cool room - 52.5 9.5
Crlgsshouse —  SNGF e 38.0 61.8

(¢) Coolroom and glasshouse results combined

: Seedlings
Germination .f;e?dlr:ffn!-with tumours
percentage. wPlerceunI: . [Average
ge: percentage.)
Cool room :
Boh seed ... ] GG 1.5
} 5.0
South Johnstone seed| 52.5 9.5
Glasshouse :
Boh seed .. wal] 430 50.0 } 50
South Johnstone seed| 38.0 61.8 '

Germination and percentage malformations.

An examination of the results of the experi-
ments revealed that the speed of germination
and germination percentages of the various
seed lots varied considerably. In order to
determine whether high or low germination per-
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centage was correlated with high or low per-
centage of tumours, the results of the experi-
ments were re-examined on the basis of the
following recordings :—

Final tumour percentage, i.e., at the conclusion
of the experiments when germination per-
centage was stationary ;

Tumour percentage at three months (if avail-
able) ;

Percentage tumours at the point where germi-
nation was nearest to 30 per cent, no
matter what the time after sowing; and

Percentage tumours according to the month of
sowing.

The results are shown in Table 16.

found that—

final germination percentage usually reflected
percentage at three months after sowing so
that the quicker the germination usually
the higher was the final germination per-
centage ;

the percentage of seedlings with tumours did
not seem to be invariably correlated with
high or low germination, although the seed
lot with the highest germination gave one
of the lower percentages of tumour ind-
dence ;

while the seed lots giving the lowest incidence
of tumours were generally those sown dur-
ing the coolest times of the two-year period,
the order being 0.0 per cent. (June) ; 4.5
per cent. (July); 5.0 per cent. (July);
5.7 per cent. (August) ; 9.1 per cent.
(June) ; 9.5 per cent. (July); 11.3 per
cent. (May) ; 17.6 per cent. (May) ; 18.8
per cent. (March), some high percentages
did occur in seed sown in the cooler months,
c.g, 55.5 per cent. (July) ; 25.9 per cent
(June) ; 61.5 per cent. (August) and 46.6
per cent. (May) ; and

from Table 16 it will also be noted that in
fifteen experiments where comparison was
possible, ten results showed a higher per-
centage of seedlings with tumours at
months after sowing than at the conclusion
of the experiment. From this it would
seem that there is a tendency for tumours
to occur more frequently in seed which
germinates quickly than in seed which
germinates slowly, at least in sowings of
" ripe " undehisced seed.

It was
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Table 16.—Percentage germination and seedlings with tumours three months after sowing and at conclusion
of germination.

Three months after sowing. At conclusion of germination. Comparison
Experiment. | Month sown. |  Location.® : Seedlings | Time after i Seedlings | of tumour
. G::L"::::':" with tumours. | sowing E:::';:::}i“ with tumours. | per cent. t
P 9% | Percentage. | (months). | P 9 | Percentage.
Ceylon July o 50.0-}/— 9.5
India Nov. o 42.7 30.5 58.6 28.7 h
Malawi July 0 9 38.7 4.5
Aust.(14) May 0 a) 70.0 37.2 3 88.0 46.6
May o b) 91.0 8.8 3 97.0 11.3
Exp. 1 Aug. 0 4 229 5.7
Exp. 2 Jan. 0 10.6 30.4 6} 36.5 221 h
Exp. 4 Feb. 0 80.6 6 50.0--/— 58.9 h
Exp. 5 March 0 12.4 25.6 73 29.9 18.8 h
Exp. 6 April 1 56.3 56.9 3 63.5 54.3 h
Exp. 7 May 1 65.5 13.7 793 17.6
Exp. 8 June 1 433 5.8 5 55.3 9.1
Exp. 10 July o 12.5 38.8
Exp. 11 Aug. 0 34.7 63.5 5 43.3 61.5 h
Exp. 12 Dec. 1 44.0 51.2 3 75.0 43.1 h
Exp. 13 Jan. 0 38.5 6.8 46.5 40.8 h
Exp. 15 June B a) 38.5 28.6 55.3 25.9 h
o b) 47.8 0.0 74.2 0.0
Exp. 16 July c 243 4.1 5 59.5 5.0
0 18.3 60.3 5 40.5 55.5 h

* Location : O = outslide glasshouse ;
B — in Brisbane glasshouse .

1 = In air-conditioned laboratory ;
¢ = coolest air-conditioned lab.

t Comparison of tumour percentages : h — percentage higher at 3 months than at conclusion of experiment.

DISCUSSION AND CONCLUSIONS.

The experiments described in this paper show
that the tumours on the early leaves of some tea
seedlings were probably not caused by a fungus
or bacterium, and were not caused by mites, by
damage to the cotyledons prior to germination,
by a tumour-inducing agent in the sawdust used
in some of the pregermination boxes or a wood
preservative in some of the sawdust, by the
charcoal or wood ash packing, by an insecticide
mixture used in one of the seed lots, by
hormone herbicide contamination, or by copper
fungicide treatments used on some of the seed.
Moreover they were not caused by local soil
conditions or local water supply, as they occurred
with soil in New Britain and in Australia as
well as at two field sites in New Guinea, and
with imported crushed quartz in laboratory
experiments.

As the tumours occurred on leaves of seedlings
derived from seed produced in Ceylon, India,
Malawi, Australia and New Guinea, and as
external causes of the condition seem to have
been ruled out, it is suggested that the cause of
the tumours is inherent in the seed. As from
four to ten times as many tumours occurred
with ‘ripe’ immature seed (ie., undehisced

seed picked from green capsules but capable of
germination) as with mature seed shed from
the tree after dehiscence, it is suggested that
the tumours may be caused by a growth sub-
stance present in fully formed, immature
(undehisced) seed, but not present, or present
in only a small quantity, in physiologically
mature seed.

An examination of the ease of removal of
the seed coat partially or in its entirety revealed
considerable variation in six seed lots. The
general trend appeared to be that the more
mature the seed lot, the more frequently did
the inner layer of the testa adhere to the seed
when peeled manually. The percentage of
seedlings with tumours was generally less with
whole or partial removal of the seed coat.

The lengths of the leaf and root primordial
body of *ripe’ undehisced seed were mainly in
the range 2 to 5 mm. and could not be used as
a measure of the maturity of the seed, nor did
it correlate with the type of seed coat retention.

No abnormalities could be recognized in the

leaf primordia of thirty excised embryos
examined microscopically.
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In ten out of fifteen experiments where a
comparison was possible, a higher percentage
of seedlings with tumours occurred three months
after sowing than at final germination. Tt
would seem, therefore, that there is a tendency
for more tumours to occur on the first seedlings
germinating than on those germinating later,
at least as far as ‘ripe’ undchisced sced is
concerned.

There were no differences in percentages of
germination or of seedlings with tumours in
larger and smaller seed of one seed lot. The
percentage of seedlings with tumours was
greater with seed germinated in quartz than in
soil and germination was also initially quicker in
quartz. The percentage with tumours was
ten times greater when the seedlings were grown
at high temperatures than at low temperatures
within the range of temperatures tested.

Tumours of leaves as described by Shaw
(1965) and in the c}:mesenl: paper have not, to
the authors’ knowledge, been described on tea
seedlings overseas.! It is interesting to note,
however, that seedlings with tumours on the
leaves were occurring in the field in New Guinea
and Australia when an examination was made
by the senior author, although previously unre-
ported by the resident staff.

It is possible that if some have occurred over-
seas, they were mistaken for blister blight
tumours. It is also claimed, we understand,
that the main tea-growing countries usually use
thsiologically mature seed dehisced naturally
rom the capsules, and such seed gave a lower

rcentage of tumours than more immature seed
in these experiments. However, seed obtained
from India and Ceylon gave 28.7 per cent. and
9.5 per cent. seedlings with malformations
respectively when it was grown in New Guinea
and it is unlikely that the seed exported would
have been different in maturity to that used
locally in these countries.

' Tumours have also been reported to occur in seed-
lings in several nurseries in Malawi (Dr. R. T.
Ellis, personal communication, 24.5.1968).

APPENDIX,

A NOTE ON THE COMPOSITION OF THE
SEED COAT OF TEA.

During investigations into the factors causing tumours
on the early leaves of some tea seedlings, the authors
examined the testae of nearly and fully mature seed ;
no attempt was made to study earlier development.
The following note records their findings in compari-
son with previously published work.
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Keng (1962) described the mature seed coat as
ollows :(—

" The seed coat [his Figure 29b] has a very thick
outer cuticle and is clearly differentiated into two
parts, The outer part, 8 to 10 cells thick, is com-
posed of cells more or less isodiametric in tran-
section, intermixed with sclereids ; the inner p:.fng
20 to 25 cells thick, consists of elongated
enlarged, obliquely oriented cells with thickened
walls, in which the innermost three or four layers
are strongly lignified and have prominent plasma-
desmata.”

Sethi (1965) described the testa as follows :—

*The outer epidermis (of the outer integument)
becomes stretched and flattened.
matous zone below the epidermis is sep
into two portions by the ramifying vascular
strands which consist of spiral tracheids and
elongated parenchymatous cells [his Figwre 3B].
The cells of the outer region show granular con-
tents and begin to develop sclerenchymatous
thickenings ; some of them also contain crystals
of calcium oxalate. The thickenings increase
further so that the lumen of the cells is con
siderably reduced [his Figwre 3D]. The cells
of the inner zone also become slightly thickened
and contain tannin. Contrary to this, the cells
of the inner integument elongate, become vacuo-
Ig:;e and begin to degenerate [his Figure 3C at
i].

The present authors found that if the seed coat is
gently cracked with a hammer, the seed coat of some
seeds can be lifted off in its entirety, leaving the
cotyledons cleanly exposed (Plate V, A). In that
case the inside of the seed coat is smooth and sln‘:zl
In some s a thin papery layer which wo
probably be interpreted as the remains of the inner
integument according to Sethi (1965) can still be
seen nearest to the cotyledons (Plate V, B).

In other seeds an outer portion peels off, leavi
an inner portion of the seed coat still retained arou
the cotyledons (Plate V, A) the pattern of the ramify
ing vascular strands being clearly evident on the sur
face, These strands, consisting of spiral tracheids,
issue like a flattened cord about 4 mm. wide from the
base of the sced, and travel for 15 to 20 mm. along
the back of the seed before dividing into numerous
strands which splay out over the surface until they
reunite at the base.

Sections through the seed coat show that the testa
consists of—

an outer layer about 0.5 to 0.6 mm. wide composed
of cells which are elongated and enlarged,
obliquely oriented with thickened walls, shown
as ‘ol " in Plate VII, A ; and

an inner layer ('il’ in Plate VII, A) from 0.13 to
0.19 mm. wide composed of cells which are more
or less parallel to the inner surface, unthickened,
and divided by the vascular strands ('vs') into
a narrower outer portion and a wider inner por-
tion.

When the seed coat is peeled off and a part is left
around the cotyledons, the break occurs in the plane
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Plate VIL.—A. Section through seed coat showing inner layer ('il') bisected by the vascular
strands (' vs '), and the outer layer ("ol ).
B. Section through seed coat showing splitting of the inner layer in the plane of the
vascular strands.
C Section through seed coat showing more advanced splitting of the inner layer of the
seed coat in the planes of the vasalar strands. All sections x 100,
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of the vascular strands, so that the part which is
removed is the outer layer and the thinner portion of
the inner layer down to the strands, while the proximal
and larger portion of the inner layer is retained
around the cotyledons.

The two layers of the seed coat are shown in Plas
VII, A, and the break is shown just occurring in
Plate VII, B, while a later stage is shown in Plate
VII, C. Usually the strands remain on the inner por-
tion but often some at least are pulled off and can be
seen on the lining of the portion peeled off. In some
cases portions of the inner layer are also pulled off,
revealing parts of the cotyledons, this group being
termed * partially peeled’ in an earlier section of this
paper.

The sections examined by the authors agree well
with Figure 3D of Sethi (1965). A slight difference
in interpretation or wording is that Sethi terms the
portion distal to the vascular strands the 'outer layer’
whereas the authors, while Egrccing that it is the part
distal to the vascular strands which peels off easily,
point out that it consists of the outer layer of obliquely
oriented and thickened cells plus the outer portion of
the inner layer. There seems to be considerable
difference between the illustrations of Sethi and the
authors on the one hand, and the description of the
seed coat by Keng (1962) on the other ; the positions
of the layers described seem to be the inverse
of those described by Sethi and the authors.
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Book Review.

THE OIL PALM (Elaeis guineensis Jacq.).

C. W. S. HARTLEY, Longmans, Green & Co,
London, 1967. 692 pp. $Aust.12.00.

This is by far the most valuable general book
on the oil palm to appear so far, and it should
become a standard text for all concerned with
the crop. The author spent most of his time in
Africa, particularly as Director of the West
African Institute for Oil Palm Research, which
was one of the most important research centres
for the crop. However, he has travelled widely
in all the major oil palm growing areas in West
and Central Africa, Malaysia, Indonesia, and
South and Central America, frequently advising
on research programmes and he is regarded as
on of the foremost authorities.

It is this world-wide approach which is of
particular interest. ‘There have been several
quite good books published in Malaya recently,
gut these do apply particularly to Malayan con-

itions.

Two of the most interesting and useful chap-
ters ate “ The Oil Palm and its Environment "
and " Factors Affecting Growth, Flowering and
Yield ”. The characteristics of the environment
in each of the present and potential growing
areas is discussed in relation to its effects on
oil palm growth and yield, and this is most use-
ful to workers in a new country such as Papua
and New Guinea. The emphasis in this work
has been on Africa, where more detailed studies
have been carried out, and where there are more
clear-cut environmental variations, but available
information from other countries is also reviewed.

It seems that the oil palm is well adapted to
surviving in marked seasonal climates, as it has
a very efficient mechanism regulating the stommtal
opening, and hence water loss. If soil moisture
drops below the level required for normal tran-
spiration, the stomata close and the palm almost
ceases growing, and hence suffers little damage.
This means though, that yields fluctuate widely
under such conditions and are less than under
more even climates. In West Africa, yields are
related to rainfall, and to ' effective sunshine’
or only the sunshine received when soil moisture
is adequate for growth.

A useful test has been developed to show
when soil moisture is limiting transpiration and
growth and uses a range of alcohol/water mix-
tures to test the degree of opening of the leaf
stomata. A higher proportion of alcohol reduces
the surface tension of the mixture, and hence
increases its ability to penetrate smaller stomatal
openings. This test has been used to show the
effects of different soil tyges and rainfall regimes
and also the effect of different ground covers
on palm growth. With a severe dry season, a
pueraria cover competed strongly for moisture
and markedly reduced palm growth compared
to either bare soil or a maize crop.

Under very wet conditions, as in Colombia
where they have areas with 250 inches of rain
and only 1,250 hours of sunshine per year,
yields are much better than in West Africa, and
it seems that low sunshine does not have as
great an effect as low rainfall on yields. There is
also difficulty with the method of recording
sunshine—the standard Campbell-Stokes recorder
only records bright sunshine, whereas in wet
climates a large proportion of the incoming radia-
tion usable by palms may be under conditions
of light cloud. On the other hand, under hazy,
dusty conditions in the West African dry season,
the recorder may burn 6 to 7 hours per day,
but radiation is not high.

Low winter temperatures in higher latitudes, as
in Honduras (15 degrees N), have a similar
effect to a dry season, and there 90 per cent. of
the crop is harvested in six months of the year.
At higher altitudes near the equator, yields can
be reduced over the whole year, as in the Congo
Basin, or in Sumatra above 1,500 ft,, where
palms may take a year longer to come into bear-
ing also,

There is a marked contrast between Asian
and African oil palm areas. In the former,
there is a largely uniform climate, but abrupt
changes occur in parent material and the derived
soils (which are, however, mainly clay types).
In Africa there are vast areas of sandy soils
from similar parent materials, but with marked
climatic changes. Conditions in parts of America
seem to be rather more similar to New Britain,
and in Ecuador, palms are being planted on
young volcanic ash soils with buried organic
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horizons, and under a high rainfall. Our con-
ditions correspond closely to this.

A full discussion is given of work on the
effects of climate on sex ratio, and hence yield
cycles. In seasonal climates, the optimum sex
ratio may only coincide with optimum conditions
every three years. The sex ratio seems to vary
when the balance of photosynthetic assimilation
and uptake of water and nutrients is upset, as in
a period of low light intensity or soil moisture
stress, or with heavy pruning.

The selection and breeding chapter starts with
an interesting account of early selection work.
The best work was done in the Congo and
resulted from careful prospection amongst the
palm groves for good fruit types, and then a
sound breeding lSrogramrm-: based on this
material. The work was of a high standard, and
it was eventually realized that the fenera palm
was a hybrid, and all the sterile palms appearing
in plantations established with fenera progeny
were part of a segregating generation. This led
to the discovery of the mechanism of inheritance
of shell thickness and to commercial fenera pro-
duction.

One particular tenera type developed had
excellent fruit characters, and gave rise to the
Sumatran fenera SP540, which in turn is the basis
of much of the Sumatran and Malayan commer-
cial seed today, including that being planted
in Papua and New Guinea. This line has also
excelled in America, so has shown its worth
under widely differing conditions.

Modern breeding methods and the programmes
undertaken in various countries are discussed.
For some time, the emphasis was on programmes
similar to that used for maize hybridization,
where large numbers of lines are inbred and
tested for combining abilities, and the best crosses
are used as hybrids. It was realized though, that
this was not really suitable for a perennial such
as the oil palm, where each individual occupies
such a large space. Ideas turned more towards
animal breeding methods, where a parent can
be both performance and progeny tested, and

then used for breeding purposes for many years
Often both the parent and its progeny are being
used concurrently,

The sections on practical oil palm growing

have similar content to books published in
Malaya, with a somewhat wider perspective.

In the nutrition section, some work is discussed
showing that the minimum number of palms to
be sampled for chemical analysis to detect a
given difference in levels (say 5 per cent.), varies
widely between different nutrients. Also, the
best leaf for sampling varies—the 17th is best
for N, P, Ca, but the first for Mg and K. An
intelligent approach to leaf sampling should be
used, and the arbitrary methods now in use
closely examined.

A large number of fertilizer experiments have
shown that responses are generally small in young
palms, unless they are replants or on very poor
soil. Large quantities of fertilizers however,
can be needed later on. Very small increases
in yield, even if not statistically significant in
some trials, can be very profitable in high yield-
ing areas.

One chapter is devoted to intercropping, which
may be desirable, particularly on smallholdings,
while waiting for palms to come into bearing.
In the early years, production of annual crops
such as maize can be quite successful, and not
detrimental to the main crop if precautions such
as fertilizing are taken. Cattle grazing is another
form of intercropping, and has been mainly tried
in America. With a slightly wider palm spacing
to give better pasture growth, and with careful
management, the combination could be very pro-
ductive. Cattle would need to be kept out of
young areas unless the palms could be protected.

Most diseases and pests are discussed although
it is inevitable that we shall have some different
ones to contend with in Papua and New Guinea.
New pests are appearing in America, and of note
is “Red Ring’, a nematode condition similar to
the coconut disease of the same name found

there.
N. J. MENDHAM.
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SPECIFIED FOR
THESE
COMMONWEALTH
DEPT. OF WORKS
PROJECTS:

New Guinea
Housing for Papuan
Infantry Regiment.
Taurama Army
Barracks.
Commonwealth
Banks.

Reserve Banks
Honiara,

Port Moresby.

Lae Army Barracks.
P.M.G. Station,
Rabaul.

Australian Capital
Territory

Orroral Valley
Tracking Station.
2CA Canberra.
Tidbinbilla Tracking
Station.

Bureau of Mineral
Resources.

The Secretarnat
Building.

Royal Military Coliege
—Duntroon.

Dept. of Navy—
H.M.A.S. Harman
Barracks.

Northern Territory
Darwin Hospital.
Reserve Bank.
Commonwealth
Education Dept.
R.A.A.F. Hangars.

New South Wales
Holsworthy Army
Camp.

R.AAF. Base,
Richmond.

Kapooka Army Camp.
D.C.A. Buildings,
Mascot.

Atomic Energy
Commission.

...and similar
rojects in other
tates.

Fiji

Derrick Technical

Institute, Suva.

Suva Post Office.

Brownbuilt
the strong roof!

Brownbuilt's unique
button-punching process.

Here's proof:

Tests supervised by the Department of Civil Engineering, University of
Melbourne, proved the ability of the Brownbuilt decking system to
withstand upward suction loads equivalent to winds of cyclonic force.

POSITIVE CONCEALED FIXING.

Brownbuilt's great strength lies in its deep rib profile, concealed

fixing method and exclusive, proven button-punching process

for sheet interconnection. The combination of all three results in a

completely secure, weatherproof, maintenance-free roof unaffected

by heat expansion.

Note these other features:

1. Greatest span strength permits economical roof frame designs.

2. Most versatile—adaptable to all roof designs . . . flat skillion,
steep pitch, up-and-over and radial pitch.

3. Wide selection of materials—galvanised steel, copper, aluminium,
stainless steel, pre-coated “COLORARMOR.”

4. Unmatched service—qualified technical representation coupled
with smooth-running shipping facilities through our Export Division.
Prompt and complete documentation—we take care of the details.

Brownbuilt

LIMITED I
METAL SECTIONS DIVISION

499 Princes Highway, Kirrawee, Sydney 2232

Cable: Metform.

Local Distributors .

Morobe Constructions Pty. Ltd., Saraga Street, 6 Mile, Port Moresby.

D. C. Watkins Ltd., Angau Drive, Boroka, Port Moresby.

John Stubbs & Sons (Papua) Ltd., Lawes Road, Port Moresby.

Madang Building Supplies, Madang.

Lae Plumbing Ltd., Lae.

Reddy Constructions, Suva, Fiji. BB:P1A




TROPICAL INOCULANTS

for effective legume nodulation

Inoculants available for all types of legumes

Lime and Gum Arabic

Also lime pelleting

SEED of tropical legumes also available

* COSMIC”
STOCK WATERER

Self filling, means constant clean water,

with no flooding, no sharp protruding

edges, non-corrosive alloy. High or low

pressure, connect water from either

side. Drain plug for easy cleaning.
More depth.

FLOAT-O-MATIC

Fits most watering tanks
and troughs. Shuts off
water automatically. Ideal
for cattle, pigs, sheep and
pets. Quickly installed with
only 2 thumb screws. Foam
plastic float cannot leak or
become waterlogged. No
adjustments necessary with
the Float-o-matic.

ELECTRIC FENCERS

“ Cosmic” (illust.) lightweight, waterproof, specially
designed for strip grazing.

Also “Tiki” Universal Fencer, weatherproof, for mixed
installation or as movable unit.

Also available :—Wolseley Electric Fencer, fencing reels,
electric fencing posts, insulators, electric fence wire in

500ft. and 1,000ft. coils.

% Full stocks of wvaccines and weterinary instruments,
stainless steel and brass nipples, brands, etc.

MILKWARE RURAL DISTRIBUTORS

BRIDGE ST., VALLEY, BRISBANE. 4006. Ph. 51 5585.




