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RESISTANCE OF COLOCASIA ESCULENT A 
TO LEAF BLIGHT CAUSED BY 

PHYTOPHTHORA COLOCASIAE. 

P. G. HICKS.* 

ABSTRACT. 

Trials conducted aJ Keravat from 1960 to 1965 showed that seven selected taro 
clones were weakly to moderately resistant to Phytophthora leaf blight. Production of 
suckers, normally very variable between clones, considerably a_ffected results. 

INTRODUCTION. 

JNOCULA TI ONS in Hawaii ( Anon. 1938) 
showed that none of the 45 varieties of taro 

( Colocasia escttlenta) tested was resistant to 
leaf blig~t (Phytophthora colocasiae Racib.). 
Parris (1941) tested 32 varieties in Hawaii and 
found none resistant. 

Deshmukh and Chhibber (.1960) found an 
Indian variety of C. antiquorum on which there 
was reduced sporulation on black, presumably 
hypersensitive, lesions caused by P. colocasiae. 
Paharia and Mathur (1964) conducted a labora­
tory test on leaf discs from 20 Indian 
selections of C. antiquorum and found only one 
immune from leaf blight. The significance of 
neither this immunity nor the partial resistance 
of several other clones (varieties) mentioned 
in this paper has been stated. 

For some years Phytophthora leaf blight of 
taro ( C. esculenta) has caused occasional concern 
in parts -of the Territory of Papua and New 
Guinea. Seven clones comparatively free of the 
disease were collected from food gardens on 
Buka Island, Bougainville District by Mr. J. C. 
Lamrock. Trials were conducted to estimate 
the level of resistance in these selections and, if 
possible, make suitable varieties available for 
distribution. 

All taro clones tested were collected from 
village gardens and can therefore be classed as 
acceptable from a culinary angle. However, 
taste tests were conducted to check the suitability 
of the selections. 

* Pathologist, Lowlands Agricultural Experiment 
Station, Keravat. 

METHODS. 

The first trial was conducted by Dr. R. J. 
van Velsen, at Keravat. Setts of each selection 
were planted in June, 1959, in single rows, 
alternating with rows of a clone, designated 
Local Taro, commonly grown near Keravat and 
often moderately or severely blighted. The 
plants were naturally infected with P. colocasiae 
and records of infection were taken in March, 
1960. Counts were made on ten plants of each 
selection and on 20 of the Local Taro. Taste 
tests were conducted on tubers roasted over an 
open fire with Nakanai labourers doing the 
judging. 

The second trial, conducted by the author, was 
planned similarly to the first, replacing the Local 
Taro with agronomic selections not selected for 
freedom from leaf blight. The area was planted 
in January, 1963, spray-inoculated with a sus­
pension of sporangia in June and records taken 
in July, 1963. Flavour tests were made on 
boiled tubers in November. 

The third trial was a randomized block experi­
ment, blocks I and II of which were planted in 
November, 1964, and blocks III, IV, V and VI 
in February, 1965. Each block consisted of two 
sections of 100 plants each. Each section con­
tained four plots of four plants each with double 
rows of Local Taro between and around each 
plot. The plants were unified as much as pos­
sible by periodic pruning, leaving one sett in 
each plant. No permanent labels were used, 
thereby eliminating any possible bias during 
recording. Blocks I and II were inoculated in 
January, 1965 ; the remainder were naturally 
infected from these. Records were taken in 
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May, 1965, and March, 1966, of number of 
lesions on each leaf. Pruning and weeding 
were not supervised from June, 1965, to March, 
1966. 

RESULTS. 

The results for all trials are shown in Table 
1. Significance, denoted by letters a, b, etc. , 
was calculated using a 2 x 2 contingency test, 
exemplified in the Appendix. Only the results 
of the third trial at the first reading are relatively 
unbiased by the growth habit of the plants ; 
these show only one clone, Seeru-Lemankoa, with 
significantly more blight-free leaves than the 
Local Taro. Seeru-Lemankoa may be classed as 
moderately resistant ; the remaining clones, all 
having less blight than unselected material rn 
all trials, as weakly resistant. 

An analysis of variance of mean numbers of 
uninfected leaves per plant ( = sett) at the first 
reading in the third trial proved insignificant 
at the 5 per cent. level. 

Tests conducted at the completion of the first 
trial showed favourable taste in selections Seeru­
Iltopan, Hububin-Lontis and the Local Taro. 
Tests after the second trial showed best taste in 
( in decreasing order of suitability) :-

Remat A ( variety not selected for blight 
resistance) ; 

Seeru-Lemankoa ; 

Seeru-Tahai Tahai ; 

Seeru-Iltopan ; and 
H ububin-Lontis. 

DISCUSSION. 

Assessment of disease. 

Mean numbers of lesions per leaf were diffi­
cult to analyse. Within a sett the youngest leaf 
usually had few or no lesions and the number 
of lesions was greater on successively older 
leaves. The oldest living leaves were often a 
mass of lesions (Plate I), impossible to count; 
it was difficult to judge whether some nearly 
moribund leaves should have been included in 
the assessments. For this reason, the simple 
record of presence or absence of lesions on a leaf 
was considered in the main analysis. There was 
no difference between any of the varieties in the 
colour, size and shape of lesions on which to 
base an assessment. 
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Plate !.-Leaves of Colocasia esculenta with six 
(left) and many (right) blight lesions respectively 
caused by Phytophthora colocasiae. The lesions are 

indicated in the inset by shaded areas. 

Suckering. 

Unpruned plants of clones selected for resis­
tance very frequently produced more suckers 
than the unselected ones ( unpublished results) 
and frequently more leaves ( see Table l except 
for the third trial, first reading) . This led to a 
higher turnover of leaves and consequently at 
any time, the plants with greater leaf numbers 
had relatively more young ones. For example, 
at the time of reading the second trial, Kaf Kaf 
1, unselected, had 265 leaves on 60 setts while 
Seeru-Iltopan, selected, had 245 leaves on 86 
setts. The mean numbers of uninfected leaves 
per sett were 1.30 and 1.48 respectively, much 
closer figures than the percentage infected of 
total leaves. 

From one trial to the next some clones pro­
duced consistently high or low numbers of 
suckers but others, notably Seeru-Tandeki and 
Seeru-Tahai Tahai, fluctuated considerably. Prun­
ing had little residual effect as can be seen in 
Table l , third trial, second reading, where num­
bers of leaves per plant are much higher than 
they were nine months previously. 

The results in unpruned taros were therefore 
biased against Seeru-Lemankoa and the unselected 
taros which generally produced few suckers. 
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Table 1.-Assessment of Leaf Blight of Taro at Kera vat. 

CLONE NUMBERS Of LEAVES RECORDED (WITH NUMBERS Of PLANTS IN PARENTHESIS) 
( For bl ight-free selections 
the name of the village from 1st TRIAL * 2nd TRIAL 3rd TRIAL 
which they were selected FIRST READING 
follows the native name for I u % I I u % I I u % I 
the morphological type. I 

I+ U
1 

r +u I+ U 

Seeru-Iltopan .... .. .. 78 399 (10) 16.4 b t 118 127 (16) 48 .2 a 34 48 (24 ) 41.5 ab 
Seeru-Lemankoa .... 45 199 (10) 18.4 be 27 30 (8) 47.4 ab 34 56 (24) 37.8 a 
Seeru-T andeki .... 74 420 (10) 15.0 b 90 77 ( 13) 53.9 ab 20 21 ( 12) 48.8 ab 
Pi-Tahai Tahai .... 52 295 (10) 15.0 ah 158 142 ( 16) 52.7 ab 40 49 (24) 44.9 ab 
H ubuhin-Lontis .... 46 135 (10) 25.4 C 207 149 (15) 58.1 cb 45 46 (24) 49.5 ab 
Seeru-Tohatsi .... .. .. 91 472 (10) 16.2 h 175 127 (16) 57.9 eh 38 47 (24) 44.7 ab 
Seeru-Tahai Tahai .... 67 603 (10) 10.0 a 89 41 ( 16) 68.5 cd 48 42 (24) 53 .3 ab 
Local Taro .... .... 112 150 (20) 42.7 42 32 (22) 56.8 b 
K. Taro 9 .... .... 130 18 ( 16) 87.8 e 
Kaf Kaf 10 .. .. ... . 122 24 ( 12) 83.6 ed 
Ramat A .... .... 157 63 ( 16) 71.4 d 
Kaf Kaf 1 ... . .... 187 78 ( 16) 70.6 d 

* R esults due to R. J . Van Velse-n ; analys is by the author. 
t Res ults associated w i th the same le tte r do not differ s ig nifi cantly from o n e another at the 1 p er cen t. level . 

I = number of leaves infec t ed. U = number of l ea v es u n infec t ed. 

3rd TRIAL 
SECOND READING 

I u % I --
I+ U 

18 124(11) 12.7 ab 
19 190 (20) 9.1 a 

1 42 (10) 2.3 a 
27 232 (18) 10.4 ab 

5 66 (8) 7.0 a 

9 98 ( 12) 8.4 a 
47 172 (17) 21.5 cb 
16 35(10) 31.4 C 
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Palatability. 

Although there were differences between clones 
in palatability of the cooked tubers, they were 
originally selected from native gardens and 
probably have acceptable .flavours. 

Yield. 
No yield records were made since tubers often 

~aile~ to mature, mainly due to grub ( Scarabidae) 
mvas10n. 

Identity of varieties. 

Three of the clones, Seeru-Lemankoa, Seeru­
Tahai Tahai and Local Taro were identified at 
the Division of Botany, Department of Forests, 
Lae as belonging to the species C olocasia 
esculenta (L) Schott. Flowers and seeds of the 
remainder have not been collected but it may be 
assumed, meanwhile, that all of the clones are 
C. escztleinta. 

CONCLUSION. 

None of the taros selected for low incidence of 
P. colocasiae infection in the field proved 
immune when grown with susceptible taros in 
the field at Keravat, New Britain. One clone, 
Seeru-Lemankoa, may be considered moderately 
resistant as a result of these tests, the remainder 
weakly resistant. All clones may be considered 
to have an acceptable taste. 

Growth habit had a marked effect on incidence 
and must be controlled for comparable results 
between clones. 

(Received October, 1966.) 
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Appendix. 

CALCULATION OF SIGNIFICANCE OF 
RESULTS. 

The results for Seeru-Tandeki and Local Taro in 
the first trial are used to show how the significance in 
the table was calculated by the 2 x 2 contingency test 
as follows :-

Seeru-Tandeki 
Local Taro 

74 
112 

420 
150 

494 
262 

Class Total 

x2 

186 570 756 

( (150 X 74) - (112 X 420) ) 2 X 756 

186 X 570 X 494 X 262 
= 71.2 

A value of x2 of 3.85 is significant at the 5 per cent. 
level, 

6.64 is significant at the 1 per cent. 
level, 

and 10.9 is significant at the 0.1 per cent. 
level. 

Therefore, 71.2 is significant at a level less than 0.1 
per cent. 
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OBSERV AT/ONS ON THE DISEASES AND 
CONDITIONS OF CACAO PODS IN PAPUA 
AND NEW GUINEA-POD LOSSES 1962-1965. 

P. G. HICKS.* 

ABSTRACT. 

Birds and flying foxes destroyed 8.7 per cent. and 'fOt following borer damage 6.2 
per cent. of pods over 12 cm. long in a representative block of cacao at Keravat, New 
Britain, from 1962 to 1965. Other losses amounted to 6.2 per cent. including only 1.2 
per cent. due to the fungus, Phytophthora palmivora. It is recommended that beans from 
rot.ten pods be kept separate from the main ferment. 

INCIDENCE. 

Prior to 1962. 
Three reports prior to 1962, showed Phyto­

phthora palmivora as the major cause of cacao 
pod losses in the Territory of Papua and New 
Guinea. 

Bryce ( 1924) reported Phytophthora palmi­
vora pod rot and canker as important diseases of 
cacao at that time in New Guinea. It was not 
until 1956 (Thrower 1960a), that critical 
observations were made at Keravat on the inci­
dence of the pod rot disease. An actual figure 
was not given for losses due to P. palmivora 
but losses of pods over 1 O cm. long, except for 
parrot damaged ones, amounted to 46 per cent. 
The histograms show that two-thirds of the 
losses were caused by the fungus. A second rot 
described was associated with the fungi Botryodi­
plodia theobromae and C olletofrichum sp. Some 
pods wilted from physiological causes (Thrower 
1960b) . Dr. R. J. van Velsen ( unpublished 
data) recorded average incidence of 7.4 per cent. 
Phytophthora pod rot from November, 1958, to 
October, 1959, and 23 per cent. from November, 
1960, to November, 1961, in a representative 
block of cacao at Keravat. 

* Pathologist, Lowlands Agricultural Experiment 
Station, Keravat. 

Recent observations. 
Pods over 12 cm. long, lost from any cause 

over the period 1962 to 1965, were recorded 
from 312 trees ( 1. 3 9 acres) in a trial at 
Keravat where :-

One-third of the trees were harvested at 
weekly intervals ; 

One-third at three-weekly intervals ; and 

One-third at three-weekly intervals, each har­
vest followed by spraying with Bordeaux 
mixture. 

The sprayed plots had somewhat lower 
(P = 0.04) incidence of Phytophthora podrot 
than the unsprayed ones harvested at three­
weekly intervals. Otherwise, the treatments had 
no appreciable effect on pod losses which can be 
considered representative of untreated areas of 
cacao. The results are summarized in Table 1. 

CAUSES. 

Five main causes of losses of cacao pods were 
recorded at Keravat over the period 1962-1965. 

Birds and flying foxes caused considerable 
losses. Bird damage may appear as a hole of 
varying size and position on the pod. In some 
cases ( Plal.e I) the contents of the pod are con-

VOL. 19, NO. 1, JULY, 1967 
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Table 1.-The main causes of losses of cacao pods 
over 12 cm. long at Keravat, 1962-1965 and the 

number of pods recorded for each cause. 

Cause. 

I 
Period.* I 

August, 1962, I April, 1964, Combined. 
to March, to September, % 

1964. 1965. 

P. palmivora t .... 565 41 1.2 
Insect borers 2,498 481 6.2 
Birds, flying foxes 3,031 1,119 8.7 
Harvested green 252 231 1.0 
Physiological 283 305 1.2 

(wilt) 
Others 463 245 1.5 
Unidentified :j: 585 1.2 
Total losses 7,677 2,422 21.1 

Total pods 32,796 14,994 100.0% 
harvested 

• The area was heavily pruned about November, 1963, 
and incidence of respective losses may have been 
affected by this. 

t If it were doubted whether P. patmivora caused 
the rot of a moribund pod, then the pod was inc luded 
in this group. 

t' Early in the trial some reject pods not infected 
with P. pa.lmivora were recorded only as miscellaneous 
pods. Most of these were lost due to flying foxes or 
birds. 

Plate 1.-A mature cacao pod, 15 cm. long, destroyed 
by a parrot. 

sumed ; in other cases the husk is only punctured, 
allowing microbial putrefaction of the pulp. 
Flying fox damage is similar except that the tip 
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of the pod is more commonly attacked ( Ptate 
II) . In the Morobe District, on the mainland, 
rat damage is relatively more common than the 
above and is characterized by a hole approxi­
mately 2 in. x 3 in. along the middle of the 
pod (Plate III). 

Pod borer also caused considerable losses. 
Otethrntes sp. and other Lepidoptera (Szent­
Ivany 1961) may feed in the outer husk of the 
pods without penetrating the hard layer and in 

Plate 11.-Mature cacao pods attacked by flying 
foxes. The one on the left has been only lightly 
attacked near the tip, the shallow rot at the base 
being unrelated. The one on the right was initially 
attacked by capsids but this did not affect the 

destruction of the pod by the flying fox. 

Plate 111.-Cacao pods attacked and/or destroy'ed 
by rats. Pods as lightly attacked as the one on 

the left may mature normally. 



Plate IV.-Dissection of a mature cacao pod, 15 
cm. long, showing internal rot following entry of 
borers. The husk is apparently healthy except for 
the small dark regions near the base and tip where 

the borers entered the pod. 

these cases the pulp rarely rots. They may, 
however, puncture the hard layer allowing other 
organisms into the pulp which rapidly putrefies 
(Plate IV) . In a plantation infested with poJ 
borer, 50 to 80 per cent. of the pods in which 
pulp has putrefied may show no external signs 
except for a small borer hole or puncture from a 
bird or flying fox. 

The fungus P. palmivora causes a rot first 
appearing as one or more distinct brown spots on 
the pod. The lesion theni progresses at the same 
rate through pulp and husk (Plate V), except in 
ripe pods where the pulp may rot later. 
P. palmivora is rarely associated with rot follow­
ing bird, flying fox or borer damage. 

Physiological disturbances in the tree or pod 
may result in wilt. The pod becomes yellow 
before normal ripening time. Often, the whole 
surface of the pod to a depth of ½ in. becomes 
brown in the subsequent day or so, before any 
internal browning sets in (Plate VI). 

Conditions of lesser note in cacao pods include 
' dry pulp ' ( where mature beans fail to form 
the mucilage so important in fermentation), 
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premature harvesting, and rot following knife 
damage, failure to harvest when ripe or damage 
by sucking insects (Miridae). 

Important pod diseases in other countries not 
yet recorded on cacao in Papua and New Guinea 
are witches' broom and Monilia pod rot. The 
only comprehensive list of pod losses in any 
overseas country is reported by Owen ( 1951) 
for an area at Tafo, Ghana in 1949-1950 where 
P. palmivora and squirrels were the main causes. 

FACTORS AFFECTING INCIDENCE 
AND CONTROL .METHODS. 

The level of Phytophthora pod rot reported in 
this study is much lower than that previously 
recorded at Keravat or usually recorded in other 
cacao areas of the world (Tollenaar 1958). 
Although rainfall at Keravat is higher, minimum 
daily temperatures and sunshine duration are 

Plate V.-A large (13 cm. long) immature cacao 
pod partly rotted by P. palmivora. The rot has 

progressed equally in the husk and pulp. 

VOL. 19, NO. 1, JULY, 1967 
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Plate VI.-lmmatu.re cacao pods from the same tree showing a healthy pod, left, and a wilted pod, right. 
The whole surface of the wilted pod has darkened while the contents remain pale. 

also higher and these are considered important 
factors minimizing the disease (Hicks unpub­
lished). P. palmivora has been controlled suc­
cessfully in other countries with sprays of copper­
containing fungicides ( 1 to 2 lb. copper per 
acre) every three weeks or so and by carefully 
detecting and harvesting the diseased pods 
(Tollenaar 1958). 

Observations at Keravat over the period 1962-
1965 have indicated that pod borer infestation 
per one hundred pods is greater when more 
pods are on the trees. The Principal Entomo­
logist, Keravat, Mr. G. S. Dun, proposes two 
sprays of the insecticide Endrin at 0.5 oz. ( active 
ingredient) per acre at fortnightly intervals. 
Applied when the bulk of the crop is maturing, 
this may effectively reduce the amount of borer 
damage and subsequent rot. 

No recommendations can be made for the 
control of wilt or flying fox or bird damage. 

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL 

DISCUSSION. 
From the foregoing it appears that direct 

losses of cacao pods from individual causes may 
not be serious in the Gazelle Peninsula, New 
Britain, the main cacao growing area in Papua 
and New Guinea. Losses appeared high in only 
occasional trees or clones from 1962-1965. In 
the wetter, cloudier areas of the Territory, losses 
due to Phytophthora pod rot may be higher. 
Damage by rats, flying foxes and birds may be 
serious at times. In plantations where trees 
exceed 20 ft. in height, considerable numbers 
of pods may not be harvested before their beans 
have become unfit for fermentation. 

The putrefied contents of pods with generally 
healthy exterior may often escape the attention 
of the pod breaking supervisor. Although the 
effect of beans from diseased pods on cocoa 
quality has not been determined experimentally 
it is recommended that these beans be fermented 
separately, if not discarded. ' 

(Received October, 1966.) 
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A MOSAIC DISEASE OF HIBISCUS MANIHOT 
IN PAPUA AND NEW GUINEA. 

R. J. VAN VELSEN.* 

ABSTRACT. 

Hibiscus manihot, in most areas of Papua and New Guinea1 exhibits mosaic leaf 
symptoms induced by a virus. The virus is transmitted mechanically to H. esculentus, 
H. sabdariffa, H. tuberculatus, H. pungens, and H. cannabinus. The virus co11ld not be 
transmitted by Planococcus citri, Freesiana sp ., an aleurodid (Bemisia tabaci), nor 
nymphs and adults of Aphis gossypii and Myzus persicae. 

From .the host range and insect vector stttdies, the virus does not appear to be 
related to any previously described vimses affecting Hibiscus spp. 

INTRODUCTION. 

T HE fleshy young leaves of Hibiscus manihot 
L. ( locally named ' aibika ') are eaten as a 

staple green vegetable by the indigenous people 
in many coastal regions of Papua and New 
Guinea. In 1954, Magee noted green mottle 
symptoms on the leaves of H. manihot and 
Shaw ( 1963) noted suspected virus symptoms 
on H. esculentus L. and H. rosa-sinensis L., in 
Papua and New Guinea. Throughout the 
Gazelle Peninsula of New Britain, crops of H. 
manihot are usually affected with mosaic symp­
toms of the leaves. 

A yellow vein mosaic disease of Hibiscus 
esculentus in India was first described by Uppal 
et al. in 1940. This virus disease is restricted 
to Malvaceae (Capoor and Varma 1950), and is 
transmitted by grafting and Bemisia tabaci 
(Capoor and Varma 1950, Varma 1952, 1955). 
Stone (1954) reported that a virus of H. canna­
binw L. could be transmitted mechanically, and 
that it appears to be confined to Hibisms spp. 
Anthocyanosis virus of cotton is reported by 
Costa (1956) to be transmitted by grafting and 
Aphis gossypii to H. cannabinus and H. esculen­
tw, but is not transmissible by sap inoculation. 
Abutilon mosaic virus which is transmitted by 
Bemisia tabaci and sap inoculation produces 
mosaic symptoms in H. esculentus and H. canna­
binm (Costa 1955, Costa and Carvalho 1960). 
Tobacco streak virus, for which no insect vector 
has been recorded, was transmitted by sap inocu-

* Formerly Senior Plant Pathologist, Lowlands Agri­
cultural Experiment Station, Keravat, New Britain. 
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lation to H. esculentw and H. cannabinus by 
Costa and Carvalho ( 1961). 

Costa et al. ( 1959) investigating malva yellows 
virus recorded H. esmlenttts to be a symptomless 
carrier of this virus, which is transmitted by 
Myzus persicae, Aphis gossypii and MyzuJ 
ornat.tts and by grafting, but not mechanically. 
Cotton leaf curl virus is readily transmitted by 
Bemisia tabaci to Hibiscus spp., but the virus is 
not mechanically transmissible (Tarr 1951) . 
Hibiscus leaf curl (Anon. 1954), and Malva 
virus (Hein 1956) have also been recorded as 
infecting Hibisms spp. 

The mosaic disease of Hibisms manihot m 
Papua and New Guinea was investigated to 
determine whether the symptoms were induced 
by a virus and if so, to determine its host range 
and mode of transmission. This paper gives the 
experimental details and the results of the investi­
gations. 

INVESTIGATIONS. 

The mosaic symptoms on the leaves of H. 
manihot were found not to be attributable to 
fungi, nematodes, bacteria, insects or environ­
mental factors. 

Symptoms. 

Field infected plants of H. manihot exhibit 
pale mosaic symptoms of the young leaves with 
clearing of the veins. As the leaves mature, the 
mosaic symptoms become indistinct. The plants 
are not stunted and the yield of leaf matter com­
pared with healthy plants is not reduced. The 
disease does not appear to affect the palatability 
of the leaves, as they are readily eaten. 



Hibiscus esculentus. 
, Severe mosaic symptoms on the leaves appear 

7 to 10 days following the inoculation with sap 
on the first true leaves with cut sections of 
infected leaves of H. manihot. The symptoms 
are persistent and systemic and the plants are 
severely stunted. 

Hibiscus sabdariffa L., H. tuberculatus, H. 
pungens, and H. cannabinus. 

The two primary leaves were inoculated with 
sap from diseased cut leaf sections of H. manihot 
with the aid of 500 grit carborundum powder. 
Mosaic symptoms appeared five to seven days 
later on the true leaves, but not on subsequent 
leaves unless the plants were pruned. The new 
leaves emerging immediately after pruning had 
characteristic mosaic symptoms, but subsequent 
growth was again symptomless. However, H. 
esculentus plants inoculated with sap from sym­
tomless leaves became infected, showing the 
typical mosaic symptoms. Thus these three 
Hibiscus spp. are systemically infected, but after 
the initial symptoms appear symptomless. 

Host range studies. 

Hibiscus esculentus, H. manihot, H. sabdariffa, 
H. cannabinus and H. pzmgens were all found 
to be systemically infected with Hibiscus mosaic 
virus. The following plants were found to be 
resistant to the virus :-

Cucumis sativtts L. 
Piwm sativttm L. 
Vicia faba L. 
Physafis fioridana Rydb. 
Capsiettm annuum L. 
Chenopodium amaranticolor Coste et Reyn. 
C. qu~noa Willd. 
S olanum dulcamara L. 
Zinnia elegans Jacq. 
Glycine max Merr. 
Arachis hypo gaea L. 
Lycopersicon escttlentum Mill. 
Nicotiana tabacum L. 
N. rustica L. 
N. glutinosa L. 
Gossypium hirsutz1m L. 
Sida rhombifolia L. 
Althaea rosea Gav. 
Stizolobi11m deeringiamtm Bort. 
Crotalaria juncea L. 
C. anagyroides H.B.K. 
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Thus the host range of the virus appears to be 
restricted to Hibiscus spp. 

Transmission. 

Due to the inherent viscous nature of the 
expressed sap from Hibiscus leaves, inoculation 
experiments. were carried out using rolled leaf 
sections. Diseased leaves were tightly rolled, 
then a cut was made across the roll and the 
exposed surface rubbed over the leaves to be 
inoculated. In this manner, 100 per cent. 
infection was obtained with the Hibiscus spp. 
tested. 

Attempts to transmit the virus by seed col­
lected from infected plants of H. sabdariff a and 
H. esrnlentus were unsuccessful. The virus also 
was not transmitted through the soil from 
infected to healthy plants of H. escttl~ntus in a 
series of 40 pots in the glasshouse. However, 
the virus was readily transmitted from infected 
to healthy plants of H. manihot, H. esmlenttts 
and H. sabdari_ff a by both budding and grafting. 

Insect transmission. 

Experiments were carried out to determine 
whether white flies ( Bemisia tabaci) were 
capable of transmitting the virus. with acquisi­
tion and test feeding periods ranging from five 
minutes to 24 hours. The time intervals were 
five minutes, one, three, six, 12 and 24 hours 
with 30 plants in each test. However, as no 
transmission was recorded, it is concluded that 
the white fly (Bemisia tabaci) is not a vector. 
Planococms citri and Freesiana spp. nymphs also 
were unable to transmit the virus from infected 
H. esculentus plants to healthy H. esculentus test 
plants .. 

Attempted aphic transmission. 

Nymphs and adults of Aphis gossypii and 
Myztts persicae, which were found feeding on 
young H. manihot leaves in the field, were found 
unable to transmit the virus using acquisition and 
test feeding times of several minutes to 72 hours. 

Attempted field transmission. 

Healthy H. esculen!tts plants and infected 
H. esculent1ts plants were planted alternately in 
the field alongside an established plot of infected 
H. manihot in a search for insect vectors and 
possible transmission in the field. However, of 
the 50 healthy H. esrnlentus plants, none became 
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infected at the end of ten months observation, 
as determined from the absence of symptoms and 
periodic inoculations onto test seedlings of H. 
eJ wlentus in the greenhouse. 

Vegetative propagation. 

As no vector could be located transmitting the 
virus, it is probable that the widespread distribu­
tion of the disease in the Gazelle Peninsula has 
resulted from the practice of the local farmers 
in establishing plants of H. manihot from cut­
tings. Cuttings of H. manihot readily root in 
the pumice soils of the Gazelle Peninsula and 
provide a quick supply of leaf material. 

CONCLUSIONS. 

The host range of the virus studied at Keravat 
appears to be restricted to Hibisrns spp. and is 
readily transmitted mechanically to other Hibiscus 
spp. However, it could not be transmitted by 
the white fly ( Bemisia tabaci), Planococcus citri, 
Freesiana sp., nor by Aphis gossypii and Myzus 
persicae. Thus the virus is not likely to be 
related to the yellow vein mosaic disease of H. 
esculentus in India, Anthocyanosis virus of cotton 
tobacco streak virus, nor malva yellows virus. 

From field trials, it appears that the disease is 
more likely to be spread in the Gazelle Peninsula 
from the planting of infected cuttings. As the 
virus does not reduce yield, nor affect the 
palatability of the leaves, the virus is of little 
importance in the cultivation of H. manihot. 

(Received January, 1967.) 
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HIPPEASTRUM STREAK, A VIRUS DISEASE 
OF HIPPEASTRUM VITTATUM IN PAPUA AND 

NEW GUINEA. 

R. J. VAN VELSEN.* 

ABSTRACT. 

The streak condition of Hippeastruni plants in the Territory of Papua and New 
Guinea is due to a virus which appears to be restricted to this host. Although the leaf 
symptoms are similar to those induced by tomato spotted wilt virtts, the virus is not 
tomato spotted wilt due to dissimilarity in the host range and physical properties. The 
vims is readily transmitted by mechanical means to HippeastmmJ but no insect vector was 
located. Attempts to produce vifus-free Hippeastrum bulbs by heat treatment were 
unsuccessful. 

INTRODUCTION. 

Hippeastrum vitlatmn Herb. (syn. Amaryllis 
vittata) is grown throughout the Territory of 
Papua and New Guinea as an ornamental in 
house gardens, and the leaves are usually affected 
by pale and dark green streaks. These streak 
symptoms are very similar to those described as 
being induced by tomato spotted wilt virus 
(Smith 1957). Foliar symptoms induced by 
viruses on Hippeastrum plants have been 
reported from the United States of America 
(Beale 1931), Denmark (Neergaard 1950), the 
Philippines (Juliano 1951), and the Nether­
lands (De Bruin-Brink et al 1953). To date, 
the author has not been able to demonstrate the 
presence of tomato spotted w~lt virus in ~e 
Territory of Papua and New Guinea, and experi­
mental studies on the streak of Hippeastrum 
t'ittatttm 1 were carried out to determine whether 
the symptoms are induced by tomato spotted 
wilt virus and if they are not, what virus is 
involved. This report gives the experimental 
details and the results of the investigations 
carried out on the leaf streak condition of 
Hippeastrum. 

EXPERIMENT AL STUDIES. 
'Symptoms. 

The emerging leaves from infected bulbs of 
Hippeastrum vittatum at first appear to be symp-
* Formerly Senior Plant Pathologist, Lowlands Agri­

cultural Experiment Station, Keravat, New Britain. 

tomless, but later three to five dark green 
irregular shaped areas are observed near the leaf 
margin. These areas are usually of greater 
length than width, ranging from 1 to 100 mm. 
in length and 1 to 10 mm. in width (Plate I) . 

As the leaves mature, the streaks appear over 
the whole leaf surface and the leaf tip turns a 
pale green with the darker green streak areas 
being quite distinct. The streaking is mainly 
confined to the top two-thirds of the lamina 
with little streaking near the leaf base. After 
lhe leaf reaches senescence, the symptoms become 
less distinct. The streak symptoms also occur 
on the flower stalk, but no symptoms are found 
on the flower parts. The symptoms appear two 
to three months after the mechanical inoculation 
of healthy Hippeastrum plants. 

Mechanical inoculation. 

In the initial mechanical inoculation trials 
(Anon. 1963) the first two leaves of healthy 
Hjppeastrum vittatum plants were dusted with 
500 grit carborundum and the sap from infected 
leaves smeared onto the leaves with a finger. 

1 The first collection ( Accession 2402) of this condi­
tion in Papua and New Guinea was made by Dr. 
D. E. Shaw in 1959 ( Shaw 1963). 
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Plate !.-Section of a leaf of Hippeastrum vittatum 
showing the longitudinal streaking induced by 

Hippeastrum streak virus. 

The streak symptoms appeared two to three 
months after inoculation. Lycopersicon esculen­
tum variety ' Grosse Lisse ' was also inoculated in 
the same manner, but did not become infected. 

Best and Samuel (1936) found that a buffer 
solution of sodium sulphate, potassium phos­
phate and sodium sulphite increased the inf,ec­
tivity of crude preparations of tomato spotted 
wilt virus. Sap from infected Hippeastrum leaves 
was treated with this buffer and healthy plants 
of H. vittata and L. esculentum were inoculated 
with the suspension. There was no increase in 
infectivity, and further experiments with sodium 
sulphite solutions of various molarity and pH 
were carried out, but only Hippeastrum was 
found to be infected. 

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL 

Host range. 

The host range of Hippeas.trum streak is given 
in Table 1. All plants were inoculated with 
infectious sap treated with the buffer solution 
of Best and Samuel ( 1936), sodium sulphite 
solutions of various molarity and pH and 
untreated sap. It is evident that the only plant 
infected was Hippeastrum vittatum. Since the 
virus d;d not infect any of the other plants 
susceptible to tomato spotted wilt virus, it is 
considered that the virus is not tomato spotted 
wik 

Table 1.-The host range of Hippeastruiii streak 
virus. 

Species. 

Hippeastrum vittatum Herb. 
Petunia hyrida Vilm. var. 'Rosy Mom' 
Lycopersicon esculentum Mill. 

var. 'Grosse Lisse' 
var. 'Tatula' 

Datura stramonium L. 
Nicotiana tabacum L. 
N. glutinosa L. 
N. 1•ustica L. 
N. clevelandii Gray. 
Hyoscyamus niger L. 
Solanum dulcamara L. 
S. nigrum L. 
Capsicum annttum L. 
Tropaeolu-m majus L. 
Zinnia eleg,ans Jacq. 
Gloxinia sp. 
Lathyrus odoratus L. 
Pisum sativum L. var. 'Greenfeast' 
Vida f aba L. var. 'Windsor' 
h•eesia sp. . ... 
Gladiolus sp. 
Chenopodium amaranticolo1· Coste et Reyn. 
Allium cepa L. 
Allium sativum L. . ... 

Physical properties. 

Proportion 
of plants 
infected. 

87/90 
0/60 

0/300 
0/300 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/60 
0/45 

The dilution end point, thermal inactivation 
point and longevity in vitro were determined 
usin.3 the methods of Bos et al, using Hippea­
strum as the test plant. The results were 
recorded six months after treatment. The dilu­
tion end point was found to lie between 1 : 5 00 
and 1 : 600, the thermal inactivation point 
between 40 and 45 degrees centigrade for an 
exposure of 10 minutes, and longevity in vitro 
at 25 degrees centigrade between 120 and 144 
hours (Table 2). 
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Table 2.-Physical properties in crude sap of Hippeastrum streak virus using 
Hippeastrum vittatum Herb. as the test plant. 

THERMAL INACTIVATION. I DILUTION END POINT. LONGEVITY. 

Temp. 
(°C.) 

Unheated 
30 
35 
40 
45 
50 
55 
60 

Plants 
infected/ 

Plants 
treat•~d. 

30/30 
30/30 
20/30 
5/30 
0/30 
0/60 
0/60 
0/60 

Attempted transmissions. 

Dilution. I 
Undiluted 

1 : 10 
1 100 
1 400 
1 500 
1 600 
1 700 
1 800 

No transmission was recorded when healthy 
Hippeastrum plants were grown in soil collected 
from around the base of infected field plants. 
During a period of 12 months, no thrips were 
collected from Hippeastrum plants growing in 
the Keravat area. A field planting of healthy 
and infected Hippeastrum plants was carried 
out in 1965, in which healthy and infected plants 
were planted alternately using 50 plants of each. 
At the end of 12 months, none of the healthy 
plants was found to be infected. Thus it appears 
that the main method of ,dissemination of the 
virus 1s by infected planting material. 

CONCLUSIONS. 

The streak condition of Hippeastrum plants 
in the Territory of Papua and New Guinea is 
due to a virus which appears to be restricted to 
this host. Although the leaf symptoms are simi­
lar to those induced by tomato spotted wilt virus, 
the virus is not tomato spotted wilt due to dis­
similarity in the host range and physical pro­
perties. The virus is readily transmitted by 
mechanical means to Hippeastrum, but no insect 
vector was located. Attempts to produce virus­
free Hippeastrum bulbs by heat treatment were 
unsuccessful. It is considered that the virus has 
not been previously described and is confined to 
Hippeastrum spp. 

(Received October, 1966.) 

Plants 
infec ted/ 

Plants 
treated. 

30/30 
12/30 
7/30 
3/30 
2/30 
0/90 
0/90 
0/60 

Huucs. I 
0 
24 
48 
72 
96 
120 
144 
168 

Plants 
infected/ 

Plants 
treat,~d. 

30/30 
14/30 
8/30 
6/30 
3/30 
3/30 

0/120 
0/60 
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A REQUIREMENT FOR CHILLING TO INDUCE 
FLOWERING IN DOLICHOS LABLAB 

CV RONGAI 
G. D. HILL* 

ACCORDING to von Schaaffhausen flower-
ing of Dolichos lablab is more dependent 

on photoperiod than on temperature. This was 
not found to be the case in extensive acreages of 
Dolichos lablab cv Rongai which were planted 
in the Morobe District of New Guinea during 
1966. 

Three hundred and fifty acres were sown in 
the Markham Valley between Munum and Kaia­
pit (Latitude 6 degrees south) and fifty acres 
were planted at Sunshine near Bulolo (Latitude 
7 degrees south) between December, 1965, and 
April, 1966. Differences in photoperiod 
between the two locations would not have 
exceeded two minutes per day. It could there­
fore be assumed that marked differences in time 
of flowering would be .due to factors other than 
photoperiod. 

Flowering was first observed at Sunshine 
( elevation 2,000 ft.) on the 29th April, and 
generalized flowering had commenced on this 
site by the end of May. 

At all other locations no flowers were observed 
until the 6th June. Date of planting made little 
difference to commencement of flowering at any 
site. 

At only three locations in the Markham 
Valley, which were very dry, was flowering at 
all extensive. At all other sites, the crop con­
tinued to make luxurious vegetative growth pro­
ducing only occasional flowers in areas where it 
appeared the plants were water-stressed. 

It would appear that as this particular strain 
of Dolichos was introduced from the Rongai 
district of Kenya, near the equator, for flowering 
in low tropical latitudes, one of the two follow­
ing requirements must be fulfilled :-

1. Low night temperatures, allowing a certain 
amount of chilling. Mean maximum and 
minimum temperatures for Bulolo ( similar 
to Sunshine) and two locations in the 
Markham Valley are shown in Figure l. 

* Agronomist, Department of Agriculture, Stock and 
Fisheries, Bubia, Lae. 
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It will be seen that although there is little 
variation in the mean maximum tempera­
tures at the three sites, the mean minimum 
temperature at the higher altitude is con­
sistently from seven to ninie degrees cooler 
than in the Markham Valley. 

Britten has shown that in Hawaii non flower­
ing clones of T rif olittm repens could be 
induced to flower if grown in a similar 
temperature regime to that found at high 
altitudes. It would appear that a similar 
mechanism is in operation here. 

2. In areas of th~ Markham Valley where the 
crop did flower there was a marked dry 
spell and plants became water-stressed. 
The setback was evidently sufficient to 
induce spasmodic flowering. 

IMPLICATIONS. 

It would appear that although this plant is an 
excellent forage legume at low altitudes in the 
Territory, if seed production is required planting 



in areas which have mean minimum temperatures 
above 64 degrees F. could not be recommended. 
Srtccessful seed production at low altitudes would 
depend on the occurrence of an extended dry 
period sufficient to prevent all vegetative growth. 

(Received February, 1967.) 
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SULPHUR DEFICIENCY. IN COCONUTS, A 
WIDESPREAD FIELD CONDITION IN PAPUA 

AND NEW GUINEA. 
PART I: THE FIELD AND CHEMICAL DIAGNOSIS OF SULPHUR 

DEFICIENCY IN COCONUTS. 

P. J. SOUTHERN.* 

ABSTRACT. 

The paper describes field and chemical work showing that sulphur deficiency is 
widespread in Pap11a and New Guinea and is responsible for chlorosis, low yields and 
poor quality copra. The field symptoms are illustrated by colour photographs. 

Excellent. field responses have been obtained, resulting in increased vmt prod1tctio11 
and frond numbers with improvement. in foliage colour and copra quality. 

The diagnosis of sulphur deficiency by sulphate analysis and quality testing has been 
developed to a good degree of precision. 

INTRODUCTION 

THE occurrence of widely scattered areas of 
debilitated and yellow coconut palms in 

many coconut plantations of Papua and New 
Guinea has been noted by agricultural worl<:ers 
and plantation managers for many years. Thus 
Dwyer ( 19 3 7) ref erred to chlorotic diseases in 
coconuts as being very important and likely to 
be associated with soil deficiency. He referred 
to conditions at Kokopo and the North Coast 
of New Britain where 30-year-oLd palms growing 
on pumice soil in grassland areas showed severe 
chlorosis. He also mentioned large chlorotic 
areas in New Ireland, New Hanover and 
Bougainville but it has been since shown by 
Baseden and Southern ( 1959) that potassium 
deficiency causes chlorosis and poor production 
on these coral derived soils. This deficiency pro­
duces quite typical bronzing symptoms in the 
older leaves and the "sickly yellowish green" 
colour, small number of feathery f roods and low 
nut production, described by Dwyer as pertaining 
to New Britain, is clearly a separate condition. 

Dwyer also described tapering stem condtion, 
premature nut fall and leaf droop, in which 
dead fronds hung around the lower part of the 

* Senior Chemist, Department of Agriculture, Stock 
and Fisheries, Port Moresby. 
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palm head. He considered that these conditions 
were often associated with poor soil conditions 
and deficiencies. 

In inspections of coconut plantation areas in 
Papua aoo New Guinea, the author has observed 
many small and scattered areas of chlorotic 
palms, with similar symptoms to those described 
by Dwyer. Bronzing of older leaves and low 
potassium contents in tissues and nut waters 
were not features of the condition. In a few 
cases severe waterlogging and poor soil physical 
conditions were apparent but in most areas poor 
drainage did not appear to be a major limiting 
factor. 

No nutritional investigations on the cause of 
the condition appear to have been attempted 
prior to 1958. 

This paper and the following part describe the 
research undertaken to show that sulphur defi­
ciency is responsible for poor growth of coconut 
palms and low production of copra in these 
areas. The work also shows that sulphur defi­
ciency is a major cause of defective copra known 
as 'rubbery copra', which is produced in sub­
stantial amounts on many plantations throughout 
Papua and New Guinea. Dwyer referred to 
copra which is soft, flexible and leathery, ofte~ 
becoming brown in colour, and of poor appear-



Plate !.-Sulphur deficiency, seedling. 

Plate III.-Older palms displaying 
sulphur deficiency symptoms. 

Plate II.-Sulphur deficiency, young palm. 



Plate IV.-Sulphur deficient area of 
mature palms. 

Plate V.-Typical symptoms of deficiency in a 
mature palm. 

Plate VI.-Coconut leaf from palm with severe 
deficiency. 



Plate VII.-Chlorosis and necrosis 
in leaflets from palms affected with 

sulphur deficiency. 

Plate IX.-Response following sulphur 
treatment. Left, untreated palm; 
right, seven months after treatment 

with 2 lb. sulphur. 

Plate VIII.-Nitrogen deficiency symp­
toms in palms on coral sand soils low 

in organic matter. 



ance and quality. He attributed this defective 
copra to soil impoverishment or lack of certain 
essential elements in the soil. Because of its 
poor physical and chemical characteristics, such 
copra is unacceptable to copra buyers and manu­
facturers if it forms a significant proportion of 
a consignment. 

DESCRIPTION OF FIELD SYMPTOMS 
OF SULPHUR DEFICIENCY. 

Sulphur deficiency does not appear to have 
been recorded as a field condition of coconuts. 
Velasco et al. (1960) described deficiency symp­
toms produced in young palms by omitting 
sulphur in sand cultures. In general these 
sulphur deficient palms turned a dirty yellow 
colour with the second and third leaves becom­
ing chlorotic before the others. Stunting 
occurred, the petioles were short and there was 
a tendency for a weakening of the rachis and 
arching of the leaves to occur, often to almost 
a semicircle. 

Plates I and II show sulphur deficiency in 
young palms in the field in New Guinea. The 
young fronds are yellow or orange yellow 
and severely arched. Plate III shows a group 
of older palms in the Markham Valley area 
affected by sulphur deficiency. All fronds tend 
to be chlorotic, even the young ones. There is 
evidence here of weakening of the rachis causing 
premature bending and the marked tendency of 
sulphur deficient palms to retain their dead 
fronds . Plate IV shows an area of sulphur 
deficient mature palms in the Lae area of New 
Guinea. The symptoms are general yellowing 
extending to the young leaves, premature bend­
ing of the fronds above the normal abscission 
layer and consequent large numbers of hanging 
dea,d fronds . As many as 30 have been observed 
on one palm. The production of nuts is greatly 
diminished and severely affected palms produce 
no nuts. The number of live fronds is much 
smaller than usual. Plate V shows the upright 
and arched live fronds with a dearth of live 
fronds in the horizontal or lower positions. The 
dead fronds hang in a vertical position at the 
base of the head. There are few nuts and these 
are small in size and produce poor quality copra. 
The chlorosis in the palms is clearly seen. This 
may vary from a pale green colour to a vivid 
orange. A certain amount of necrosis occurs, 
spreading from the tips of leaflets towards the 
midrib. 
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Plate VI shows a typical sulphur deficient 
leaf with chlorosis followed by necrosis develop­
ing at the margins and tip. Plate VII shows 
detail of chlorosis and necrosis in leaflets of 
palms affected with sulphur deficiency. 

The symptoms of sulphur deficiency are dis­
tinguishable from those produced by nitrogen 
deficiency. In the latter the yellowing does not 
affect the young leaves except in severe cases. 
The head of the palm retains its normal shape 
with live fronds still remaining at a horizontal 
or lower position. Plate VIII shows palms 
growing on a coral sand soil with a noticeable 
lack of organic matter. They show typical 
nitrogen deficiency symptoms. 

It has been observed also that a large amount 
of premature nut fall, particularly of button 
size nuts, occurs in sulphur deficient areas. 

Legume cover crops and shade trees growing 
in association with sulphur deficient palms 
frequently show characteristic stunting and 
yellowing symptoms. Pueraria phaseoloides 
plants have small leaves with general chlorosis 
symptoms similar to those described by Shor­
rocks (1964). Leucaena leucocephala, the 
leguminous tree grown in Papua and New 
Guinea for cacao shade, appears sensitive to 
sulphur deficiency and in the sulphur deficient 
areas investigated was often stunted and yellow. 
Its quick response to sulphur containing ferti­
lizers gave early proof of sulphur deficiency in 
some areas. 

PRELIMINARY CHEMICAL AND 
FIELD INVESTIGATIONS. 

Chemical diagnostic work, particularly foliar 
analysis and coconut water analysis, has played 
a major part in the investigation and diagnosis 
of sulphur deficiency and the assessment of the 
sulphur status of coconut areas. The first 
research was carried out by Baseden (1959) on 
~everal plantations in the Bainings region in 
New Britain. Baseden showed that palms dis­
playing chlorosis produced rubbery copra and 
that frond samples from affected palms had a 
lower total sulphur content than healthier palms 
in. the same area. There were no consistent 
differences in the contents of nitrogen, potassium, 
phosphorus, sodium, calcium, magnesium, man­
ganese, iron and copper. (Table l). Baseden 
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Table 1.-Analysis of Fronds from Palms yielding Rubbery and Normal Copra (Baseden 1959). 

DescriptiOJ1. Leaf Position. N. P. K. Na. Ca. Mg. Mn. FfJ. Cu. s. 

Palm No. 1, debilitated, A 1.50 0.202 2.40 0.08 0.15 0.38 21 40 10.3 0.039 

Copra rubbery B 1.41 0.180 2.45 0.07 0.13 0.37 26 50 9_9 0.035 

C 2.09 0.160 1.25 0.07 0.23 0.43 57 48 3.7 0.046 

D 1.0, 0.120 1.10 0.07 0.31 0.38 67 47 3.9 0.043 

Palm No. 2, very chlorotic, A 1.69 0.260 2.85 0.07 0.28 0.37 17 42 9.9 0.029 

Copra very rubbery B 1.83 0.250 2.80 0.06 0.34 0.49 49 40 9.2 0.045 

C 2.11 0.212 2.20 0.06 0.28 0.45 55 23 6.5 0.043 

Palm No. 3, some chlorosis, A 1.44 0.170 2.40 0.07 0.21 0.28 17 42 12.2 0.036 

Copra normal B 2.34 0.128 1.75 0.05 0.22 0.28 34 46 8.5 0.062 

C 2.53 0.122 1.40 0.03 0.29 0.28 55 30 5.2 0.064 

D 1.72 0.130 1.00 0.05 0.47 0.29 96 52 3.6 0.058 

Palm No. 4, health}'\ A 1.06 0.180 2.40 0.03 0.14 0.19 17 30 9.5 0.065 

Copra rubbery B 1.52 0.170 2.15 0.02 0.14 0.24 21 42 6.0 0.070 

C I.95 0.150 0.80 0.55 0.50 0.23 84 54 5.5 0.138 

D 1.25 0.110 0.40 0.05 0.86 0.21 140 42 3.9 0.123 

Note: 1. N, P, K, Na, Ca, Mg and S expressed as per cent. dry matter, Mn, Fe, Cu as p.p.m. dry 
matter. 

2. Leaf Position. A represents youngest unopened • spear frond ', B is youngest fully 
opened frond, usually the 3rd, C is mature frond in horizontal position, D is oldest frond 
without necrotic tissue. 



did not consider that adverse physical conditions 
were a likely major cause of the condition in the 
pauns in these areas and considered it a straight­
forward nutritional problem involving sulphur 
supply. He observed that palms bordering a 
drain to which sea water had access were healthy, 
vigorous and did not produce rubbery copra and 
considered this to be the influence of the sea 
water sulphate content. 

Unfortunately further confirmatory work and 
experiments with sulphur were not carried out 
in this area but a general improvement was 
observed following removal of heavy grass com­
petition which haid probably induced or aggra­
vated the sulphur deficiency. 

Following on Baseden's work, further deter­
minations were made of total sulphur in frond 
samples from other areas displaying symptoms 
of suspected sulphur deficiency and from healthy 
areas. These results are summarized in Table 2, 
together with available overseas results tabled 
by Fremond (,1958). At this stage no standar­
dized leaf sampling procedure had been adopted 
so that results were difficult to compare. How­
ever, in general, fronds from healthy palms 
contained considerably more total sulphur than 
those with the described condition. 

A comprehensive investigation was com­
menced in 1964, covering nine sites where sul­
phur deficiency was suspected as being respon­
sible for chlorosis of palms and the associated 
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rubbery type copra. Most of these areas were 
investigated first by making field observations, 
chemical analyses and quality tests on copra. 
This was followed by confirmatory fertilizer trials 
using various sources of sulphur. The uptake of 
sulphur was studied by chemical analysis of 
sulphate in coconut water. Quality tests, nut 
counts and other observations were made as the 
trials progressed. Where possible, coconut 
frond and cocoa leaf samples were collected for 
analysis. 

Early determinations of total sulphur in leaves 
by Baseden and the author used the precipitation 
_of sulphate with barium chloride following 
magnesium nitrate or bomb ignition. These 
were lengthy procedures and in many cases did 
not differentiate clearly differences in the sulphur 
status. Efforts to precipitate sulphate with 
barium chloride in nut water samples produced 
erratic results due to the high quantities of 
organic matter present. 

The micro methods used by Johnson and 
Nishita (1952) for the determination of sulphur 
in plant materials and waters were then 
examined and found suitable, with minor modifi­
cations, for estimating the quantities of sulphur 
found in coconut leaves and nut waters. These 
methods determine the easily reducible fraction 
of sulphur in plants and this is predominantly 
the sulphate fraction . In this paper the sulphate 
content refers to this easily reducible sulphur 
fraction of the total sulphur. 

Table 2.-Total Sulphur (per cent. Dry Matter) in Coconut Tissues, various Areas. 

Area. 

Bainings, New Britain 
(3 palms) 

Bainings, New Britain 
(1 palm) 

D escription. 

Chlorotic palms 

Copra 
Quality 

Rubbery 

Healthy palm in chlorotic Normal 
area 

Gadaisu, Papua, ( 11 palms) Generally yellow palms Rubbery 
tendency 

Baibara, Papua ( 2 palms) Healthy palms Normal 
Finschhafen, New Guinea .. .. Palms without S Symptoms Normal 
New Ireland, (12 palms) Normal 
Tahiti, several areas Not known 
Tahiti, normal value 

Dahomey, Africa 

Young 
Fron ds 

(1-3) 

0.035-0.062 

0.070 

0.04-0-11 

0.11 

0.09-0.16 

0.14-0.22 

Horizontal Old 
F r on ds Fronds 
(8-16) (17-24) 

0.043-0.064 0.043-0.058 

0 .138 0.123 

0.19-0.20 0.21-0.22 

0.11-0.16 0.10-0.17 

0.10-0.15 

0.15 

0.22-0.30 
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It was found at an early stage that the analysis 
of sulphate content in the plant material pro­
vided a more sensitive index .of sulphur status 
and total sulphur estimations were discontinued. 

The physical and chemical characteristics of 
rubbery copra, its association with sulphur defi­
ciency and its improvement following sulphur 
applications are discussed in more detail in Part 
II of this paper (Southern 1967). 

The experimental sites are marked 1 to 9 on 
the map of Papua and New Guinea (Figure 1), 
and descriptions of these areas, together with 
field and chemical results, are as follows :-

Experimental Site 1. 

This site is representative of several hundred 
acres of chlorotic, low yielding palms on a plan­
tation at Lae, New Guinea. There is a very 
heavy incidence of rubbery copra produced on 
this plantation, which makes the copra generally 
unsuitable for marketing. The palms are 
between 30 and 40 years old and are growing 
in an alluvial soil under high rainfall conditions. 

so 
Admiralty Is. 

--------
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Preliminary samples of copra collected from 
a group of yellow palms showed that these 
palms produced rubbery copra consistent y over 
a number of months. 

Initial experiments involving 5 lb. applica­
tions of sulphate of ammonia produced specta­
cular improvement in foliage colour of treated 
palms, so a comprehensive trial involving various 
sulphur sources was laid down in July, 1965. 

There were four treatments in this trial, as 
follows:-

1. Control; 

2. Sulphur, 2 lb. per tree ; 
3. Sulphate of ammonia, 8 lb. per tree ; 

4. Sulphate of potash, 11 lb. per tree. 

The amount of sulphur per treatment was 
approximately the same. 

The treatments were replicated four times, 
with a plot size of five palms. There were 
adequate guard palms between plots. 

• • 



The following field recordings were made at 
intervals during the course of the trial :-
' (a) Foliage colour (according to a points 

system) ; 
( b) Frond count, green fronds ; 
( c) Frond count, dead fronds hanging from 

palms; 
( d) Nut count ( above cricket ball size, 

approximately). 

In addition a large number of samples was 
collected at regular intervals for quality testing 
and chemical analysis of copra and coconut 
water. The copra quality grading was carried 
out on a points system. 

There were outstanding responses on all 
recorded features of this trial. These were 
obtained with· any source of sulphur. There 
did not appear to be any long term agronomic 
advantages in using a particular source so that 
the cheapest source (sulphur) would normally 
give the most economic results. 

The effect of the treatments has beefl sum­
marized in tables and graphs. All effects due 
to sulphur are statistically significant and in the _ 
case of foliage colour and copra quality assess­
ments significance is at the 0.1 per cent. level. 
Significance has reached the 1 per cent. level for 
most other recordings. 

(a) Foliage Colour. 

General colour of the palm heads was assessed 
as follows :-

Healthy Green 5 points. 
Yellowish-Green 4 points. 
Greenish-Yellow 3 points. 
Yellow 2 points. 
Orange-Yellow 1 point. 

Improvement in colour for all treatments con­
taining sulphur was noted about three to four 
months after the fertilizer applications. As 
might have been expected, the elemental sulphur 
treatment took a little longer to give results than 
the sulphate treatments. By January, 1966, six 
months after treatment, highly significant effects 
on foliage colour had been obtained. It was 
noticeable that even older fronds previously 
yellow or orange became noticeably greener. 
Plate IX shows two adjacent palms ; the one on 
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the left had not been treated, while the palm 
on the right had been treated with 2 lb. 
sulphur seven months previously. 

A further assessment of foliage colour made 
in October, 1966, 16 months after treatment, 
showed that the effects of the treatments were 
we~ring off and the palms were becoming yellow 
agam. 

Table 3 shows the effects of treatment on foli­
age colour. 

Table 3.-Effect of Treatment on Foliage Colour, 
Site 1. (Average points score of 20 palms in treat-

ment.) 

Treatment. 115.7.1965. , 3.l.1966. I 12.10.1966. 

Control 3.05 
Sulphur 3.08 
Sulphate of Ammonia .... 2.88 
Sulphate of Potash 2.95 

(b) Live Frond Count. 

3.35 
4.73 
4.90 
4.68 

2.98 
4.18 
3.95 
3.95 

The number of live fronds has been increased 
significantly by treatments containing sulphur. 
Controls have remained at an average of about 
15 fronds per palm while treated palms' frond 
numbers have increased to about 21 per palm. 
Table 4 shows the effects of treatment on live 
frond count. 

Table 4.-Effect of Treatment on Live Frond Count, 
Site 1. (Average fronds per palm for 20 palms.) 

Treatment. I 15.7,l!l65.13.l.1966. I l2.10.1966. 

Control 15.7 
Sulphur 13.9 
Sulphate of Ammonia .... 14.5 
Sulphate of Potash 15.5 

(c) Dead Frond Count. 

14.1 
15.7 
17.2 
17.1 

15.6 
20.9 
21.4 
21.0 

Palms throughout this plantation and other 
sulphur deficient areas have a marked tendency to 
retain dead fronds. On closer inspection it has 
been found that these fronds usually bend a few 
inches above their normal abscission point and 
then hang in a vertical position. It appears that 
they may remain in this position for one or two 
years or even longer. In the Madang district 
some palms have been observed with the petioles 
still attached all the way up the stem, giving the 
palm the appearance of a step ladder. The 
reason why they do not fall is probably because 
the leverage force on the abscission layer is very 
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much less and eventually they break off at the 
original bending point, leaving the leaf bracket 
and a small portion of petiole behind. 

A weakening of the leaf stem due to some 
physiological upset or nutritional deficiency could 
quite easily cause this condition and as the 
abnormality was associated with more definite 
symptoms of sulphur deficiency, there was a 
strong possibility that sulphur treatments might 
decrease this frond hanging tendency. There­
fore, counits were made during the course of the 
trial of the number of deaid fronds hanging 
from palms. 

Table 5 shows that the average number of 
dead fronds on sulphur and sulphate treated 
palms tended to remain fairly constant while 
the number increased for the controls. The 
differences were significant at the five per cent. 
level. It is possible that the fronds counted 
following sulphur treatment were the same ones 
counted prior to the treatments being applied. 
Obviously it would have been preferable to 
remove all dead fronds from all the palms at 
the commencement of the trial, but this was 
impractical. 

AVERAGE 

NUTS 

PER PALM 

35 

30 

2S 

20 

15 

10 

JULY 
65 

Table 5.-Effect of Treatment on Dead Frond Count, 
Site 1. (Average fronds per palm for 20 palms.) 

Treatment. 115.7.1965. , 3.1.1966. 112,10.19 66. 

Control 3.8 
Sulphur .... 3.7 
Sulphate of Ammonia .... 5.1 
Sulphate of Potash 4.5 

(d) Nut Count. 

5.5 
3.4 
3.5 
3.8 

6.3 
4.2 
5.6 
4.1 

The average number of nuts per palm at the 
beginning of the trial was in the vicinity of 13. 
Significant increases in nut counts were obtained 
as early as six months after the commencement 
of the trial. This early response could only have 
been due to a decrease in premature nut fall, 
which appears to be a feature of sulphur defi­
cient palms. Fifteen months after the com­
mencement of the trial the average treated palm 
was carrying 70 per cent. more nuts than the 
average control palm. There appeared to be a 
lag in the effects of the elemental sulphur treat­
ment and there were large variations over the 
year in the nut count. Nut counts. taken during 
the course of the trial and effects of treatments 
are shown in Table 6 and Figure 2. 

JAN 
66 

SU PHATE OF AMMONIA 

S LPHATE 

SEP 
66 

FIG.2, E FFECT OF TREATMENT ON NUT COUNT, EXPERIMENTAL SITE I . 
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Table 6.-Effect of Treatment on Nut Count, Site 1. 
(Average nuts per palm for 20 palms.) 

' ; ~ ~ ~ a, 

Treatment. a, .-< 
.,..: .-< .-< ::: ,....; 00 
~ c,; ,.,; ~ 

Control 11.6 14.4 10.8 19.0 
Sulphur 14.4 14.7 20.0 31.5 
Sulphate of 15.1 24.1 22.6 35.3 

Ammonia 
Sulphate of Potash 15.7 20.8 19.8 30.9 

(e) Copra Quality. 

As mentioned earlier, nuts from poor palms 
in this area consistently produced rubbery type 
copra. Samples of mature, fallen coconuts from 
all treatments were collected on 13 occasions 
during the course of the trial. As on many 
occasions nuts were unavailable from some 
palms, samplings have been grouped together, 
as in Table 7. 

Table 7.-Effect of Treatment on Copra Quality, Site 
l. (Average degree of rubberiness for each treat­

ment.) 
IJD tl.O tl.O tl.O = A . s A • 
=aM :ge.o -M 

Treatment. -aca }1 S..'.. s..!. so:!. ro ro ro ro'"' w w r/l w 

Control 0.9 1.5 1.2 1.6 
Sulphur 1.2 2.4 2.8 3.0 
Sulphate of Ammonia 1.3 2.9 3.1 3.3 
Sulphate of Potash 1.3 3.4 3.5 3.3 

Coconuts were husked and the half kernels 
washed and then dried in a forced draught oven 
at 50 degrees-70 degrees C. Samples of coco­
nut water were collected from all nuts and these 
were bulked for each treatment. They were 
later analysed. 

After drying, the copra was placed into quality 
categories according to the degree of rubberiness. 
The categories were given a points score as 
follows:-

Category O Extremely Rubbery O point. 
Category 1 Very Rubbery 1 point. 
Category 2 Rubbery 2 points. 
Category 3 Slightly Rubbery 3 points. 
Category 4 Normal 4 points. 

Typical copra from each of these categories 
can be seen in Plate 2 of the following paper 
by Southern ( 1967) . 

25 

Six to eight months after treatment all copra 
from sulphur or sulphate treated palms had 
improved in quality. This improvement was 
significant at the 0.1 per cent. level. After a 
further six months there was further improve­
ment and the majority of the palms were pro­
ducing normal copra. Once again effects from 
the elemental sulphur treatment were slower to 
appear than the effects of more soluble fertilizer 
treatments. Table 7 and Figure 3 show the 
effect of treatment on copra quality. Further 
aspects of the treatment effects on the chemical 
characteristics of the copra are discussed in Part 
II of this paper. 

(f) Chemical Analysis. 

The main aim of the chemical work in this 
and succeeding trials was to study the uptake of 
sulphur and to provide, by frond and nut water 
analyses, a basis for chemical diagnosis of 
sulphur deficiency in young and mature palms. 
Chemical analyses were also used to diagnose 
any other deficiencies which might have been 
occurring in the problem areas. 

In this trial chemical studies were compren­
hensive. Composite samples of coconut waters 
were collected at 11 periods during the course of 
the trial and analysed for sulphur and some 
cations. There was a large amount of variation 
in sulphate content but nevertheless differences 
in sulphur uptake between treated and untreated 
palms are striking and highly significant. Table 
8 and Figure 4 show these results accordingly. 

Table 8.-Effect of Treatment on the Sulphate Con­
tent of Coconut Water, Site 1. (Sulphate content 

of nut water, p.p.m.S.) 

Samp ling I Date. Con trol. 

10.1.1966 1.0 1.4 7.5 3.5 
16.2.1966 1.8 1.3 5.8 11.0 
28.2.1966 1.5 2.5 9.5 8.0 
14.3.1966 1.5 8.4 23.0 23.0 
28 .3.1966 6.8 12.3 31.0 32.0 
18.4.1966 4.0 17.0 26.0 27.5 
2.5 .1966 7.9 33.5 38.5 51.0 
3.6.1966 3.5 58.0 33.5 41.0 

24.6.1966 3.5 35.0 27.5 37.5 
5.7.1966 5.0 15.0 13.0 17.0 

13.10.1966 5.0 32.5 26.0 27.5 
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CATEGORY 

NORMAL 

SLIGHTLY 

RUBBERY 

RUBBERY 2 

VERY 
RUBBERY 

SULPHATE Of AMMONIA 

SULPHATE 

FERTILIZER 

CONTROL 

EXTREMELY O L...--------4--------+-------+---------+-----­

RU BBERY SAMPLING 1- 3 SAMPLING 4-6 SAMPLING 7- 9 SAMPLING 10- 13 

flG3 EFFECT Of TREATMENT ON COPRA QUALITY, SITE. I. 

During the whole course of the trial nut 
waters from untreated palms remained below 
8 p.p.m. in sulphate sulphur content and for 
much of the period the contents were much 
lower. There was probably uptake of added 
sulphate by the time of the first sampling, which 
took place 6 months after the treatments were 
applied. There was a definite delay in sulphate 
uptake from the palms treated with elemental 
sulphur, which explains the slower effects on 
field and quality measurements. In the period 
from 9 months to 12 months after treatment, 
sulphate sulphur contents appeared to reach a 
maximum. For the period that the palms were 
green and were producing mainly normal copra, 
the contents were between 10 and 60 p.p.m.S. 

The chemical composition of copra samples 
obtained from the same nuts as the water samples 
are given and discussed in Part II. 

Coconut waters were also analysed for cations, 
with particular emphasis on potassium. The 
potassium content of coconut water gives a good 
indication of potassium status and has been 
widely used in this Territory where potassium 
deficiency is fairly common (Baseden and 
Southern 1959). It has been found that a con­
tent below 30 m.e./ litre potassium indicates 
potassium deficiency, while above 40 m.e./litre 
potassium deficiency is unlikely. 

In the early stages of the trial the nut water 
potassium content varied between 5 5 and 65 
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m.e. / litre K, indicating an abundant potassium 
supply. It is interesting to note that while the 
control treatment remained at this level, the 
contents of the treated palms decreased following 
treatment (Table 9). 

Table 9.-Effect of Treatment on the Potassium Con­
tent of Coconut Waters, Site 1. (K in m.e./litre for 

composite samples.) 

cii 
~ 'o i 

"-< 
0 

~ .; 
2 ;:s cl)'~ ai.ci 

l)JJ .Q 
...,.:: 

~~ 'i: oj 0 

-~ 
p. 

.c: s ;:::.µ 

0, 0 ~ SS p. 0 
0 (f) -P.. s ~<i: ;:s 

oj 
(f) 

•n 

15.7.1965 58.0 59.9 58.9 58.3 
26.7.1965 59.3 61.0 58.7 60.4 

19.11.1965 65.5 59.4 61.8 60.5 
14.3.1965 63.0 55.0 52.0 47.0 
28.3.1966 62 .0 56.3 49.3 51.8 
18.4.1966 64.0 53.7 48.5 46.7 

9.5.1966 62.6 55.5 52.3 51.3 
3.6.1966 63.4 52.2 51.4 50.6 

24.6.1966 63.9 54.7 48.6 46.5 

There is evidence here that sulphur deficient 
palms have a tendency to absorb potassium in 
higher than usual amounts. On nearly all other 
sulphur deficient sites, potassium uptake, as 
indicated by the nut water content, has been ~ery 
high. 



There were no consistent differences in the 
sodium, calcium or magnesium contents of the 
coconut water samples. The range of contents 
f Ql.md were as follows :-

Sodium 6.1 - 15.6 m.e/litre. 
Calcium 3.4 - 9.3 m.e/litre. 
Magnesium 7.7 - 11.6 m.e./litre. 

To determine the possiblities of other deficien­
cies affecting growth or production on this site, 
leaf samples from young coconuts and from 
cocoa growing in the area were collected and 
analysed for all nutrients. The data are pre­
sented in T.ab/e 10. The analyses indicate that 
most nutrients were in good supply, but that 
sulphur contents were low. 

(g ) General Considerations of Treatment Effects. 

The experiment showed that all sources of 
sulphur were effective in alleviating the sulphur 
deficiency. The success of the elemental sulphur 
treatment showed that oxidising bacteria were 
present and that the ,deficiency was probably a 
total one rather than one induced by poor oxidis­
ing conditions. Oxidation normally takes a few 
weeks and this would explain the delay in effects 
of this treatment. 

There are possible side effects of all treatments, 
but they did not produce significant responses 
in this trial. Thus there would be a small pH 
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decrease where sulphur or sulphate of ammonia 
was used and this would tend to release other 
nutrients. Nitrogen is added with the sulphate 
of ammonia treatment and potassium as sulphate 
of potash. There was no change in the potas­
sium content of coconut waters due to sulphate 
of potash treatment, as is shown in Table 9. 

The cost of fertilizing palms was approxi-
mately as follows :-

Sulphur - 12 cents/palm. 
Sulphate of Ammonia - 30 cents/ palm. 
Sulphate of Potash - 48 cents/ palm. 

This is based on the cost of fertilizers landed 
in bulk ini Lae, New Guinea. Obviously the 
elemental sulphur treatment is the most econo­
mic. A yield increase of about six nuts would 
pay for the fertilizer used and this was easily 
obtained in the course of the experiment. 
Residual effects are likely to be considerable and 
there would be a large improvement in copra 
quality. 

As already pointed out, after the experiment 
had been in progress 16 months, yellowing of 
foliage was re-occurring. It is likely that appli­
cations of sulphur would have to be repeated 
after 18 months to maintain or increase the 
response. 
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C z Table 10.-Analysis of Cocoa Leaves and Coconut Fronds, Experimental Sites. t11 
> 
~ Location. Sample. per. cent., dry basis p.p.m., dry basis 
C: N p K Ca Mg s Mn Fe Cu Zn B (') 

C 
t-< Site 1 Cocoa, 3rd leaves 1.97 0.195 1.64 1.78 0.56 220 123 76 7.8 45 27.5 ~ 
C 

Site 2 Cocoa, 3rd leaves 2.24 0.144 160 203 32 6.9 63 24.0 ~ 1.58 1.57 0.51 > t-< Site 5 Cocoa, 3rd leaves 2.44 ...... 0.22 2.30 0.76 0.43 47 
0 Site 6 Cocoa, 3rd leaves 1.99 0.170 1.48 1.83 0.80 430 42 6.4 63 27.3 
~ Range for Healthy Cocoa, 3rd leaves 2.2 0.16 1.8 0.7 0.35 over over over over over over 
~ ( Southern 1966). to to to to to t-< 

2.8 0.26 2.6 2.0 0.70 400? 40? 60? 6? 30? 20? 
Site 1 Coconuts, 4th fronds 1.47 0.115 1.92 0.27 0.29 80 28 56 4.3 16.0 11.0 
Site 1 Coconuts, 8th fronds 1.35 0.105 1.42 0.31 0.24 65 36 80 4.0 21.5 11.5 
Site 3 Coconuts, 9th fronds 1.36 0.147 1.13 0.21 0.10 120 14 32 3.1 22.4 17.0 
Site 3 Coconuts, 14th fronds 1.36 0.136 0.97 0.39 0.23 130 14 28 2.7 26.5 20.3 
Site 4 Yellow coconuts, 12th fronds 1.49 0.191 1.82 0.30 0.27 45 25 
Site 4 Greener coconuts, 12th fronds 1.56 0.136 0.87 0.46 0.18 110 33 
Site 7 Coconuts, 4th fronds 1.65 0.137 1.16 0.28 0.58 90 38 94 3.0 13.3 8.3 
Site 7 Coconuts, 9th fronds 1.23 0.110 0.75 0.42 0.73 65 51 90 2.6 10.5 11.5 
Site 8 Coconuts, 1st fronds 1.56 0.173 0.27 0.27 0.44 110 23 30 6.8 18.2 15.0 
Site 8 Coconuts, 4th fronds 1.66 0.133 0.24 0.35 0.56 115 36 42 2.5 16.4 13.5 
Site 8 Coconuts, 9th fronds 1.58 0.106 0.22 0.39 0.65 125 38 52 2.6 13.8 16.9 
Site 9 Coconuts, 1st fronds 1.50 0.183 1.46 0.32 0.55 160 34 44 4.4 12.9 14.7 
Site 9 Coconuts, 4th fronds 1.62 0.136 0.64 0.55 0.61 100 63 46 3.8 11.5 18.8 



Experimental Site 2. 

' This site is located on a coastal plantation 
about 20 miles north of Lae. The palms are 
mature and have similar symptoms in every 
respect to those of the previous site. Several 
hundred acres are affected with the condition to 
a greater or less extent. 

A small trial was laid down on 5th August, 
1966. Forty palms were selected in two blocks 
of 20 palms each. Ten palms in each block 
received a 2 lb. application of sulphur. 

Nut counts and foliage colour assessments 
were recorded and nuts from most palms were 
taken for quality testing and water analysis. All 
copra made from preliminary samples was 
rubbery to some extent. 

A significant response in foliage colour was 
obtained within six months from application of 
sulphur. Within nine months a significant 
increase in nut numbers had been obtained, 
while copra quality had improved and there was 
good evidence of absorption of sulphur from the 
nut water sulphate estimations. Table 11 gives 
the field and chemical results from this trial. 

Table 11.-Effect of Sulphur Treatments on Field 
and Chemical Characteristics, Site 2. 

Foliage 
AS'Sessment 

(Average 
points 
score 

per palm) 

Nil Treatment 

5/8/66 2.8 
6/2/67 3.1 

18/4/67 2.7 
Sulphur Treatment 
5/8/66 3.1 
6/2/67 4.4 

18/4/67 4.8 

Nut Count 
(Average 

per palm) 

10.4 
10.1 
11.3 

9.6 
12.5 
18.1 

Copra 
Quality 

(Average 
points 
score 

per palm) 

1.6 
1.4 
1.1 

1.6 
1.6 
2.0 

Nut-Water 
Sulphate 
Content 

(p.p.m. S) 

3.5-5 .5 
2.0 
1.3 

3.5-5.5 
2.0 
5.0 

Nut Water Potassium content, 54-62 m.e./litre (high). 

Experimental Site 3. 
This site is situated about 20 miles inland 

from Lae in a much lower rainfall area than 
Sites 1 and 2. The soil is an alkaline alluvial 
soil rich in bases. Many acres of palms are 
affected to some degree and a representative 
group is shown in Plate III. The palms have 
typical symptoms of sulphur deficiency, with the 
old dead fronds having a marked tendency to 
be retained, producing an umbrella-like effect. 
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Frond analysis, Table 10, showed low contents 
of sulphur and fairly normal contents of other 
nutrients, except nitrogen, which was low. 
Some of the palms had reached bearing age and 
the few coconuts which could be found were 
small in size and produced thin rubbery copra 
in the • extremely rubbery category'. The sul­
phate content of a composite sample of coconut 
water was very low, being about 3.5 p.p.m.S. 
The potassium content was high (53 m.e./litre 
K). 

A fertilizer trial with emphasis on sulphur 
applications was commenced in February, 1967, 
and early results confirm the sulphur deficiency 
at this site. 

Experimental Site 4. 

This site is of interest as it is located in a 
volanic area and is only a few miles from an 
active volcano containing extensive sulphur 
deposits and emitting gas with a high sulphur 
content. Several small areas of mature palms of 
varying ages are involved and they show severe 
symptoms of sulphur deficiency. Leucaena leuco­
cephala and cocoa in the areas are also rather 
stunted and yellow. The soil is immature vol­
canic ash containing large reserves of nutrients 
and havin.~ excellent physical characteristics. 

Copra from nuts taken from affected palms 
was found to be rubbery in nature, generally 
about Category 2. The sulphate content was 
1.0 p.p.m.S. 

Before trials were commenced, analysis of 
fronds were undertaken, samples being collected 
from affected and non-affected palms in the 
same area. The analyses are presented in Table 
10. The major differences are in S content, but 
the contents of calcium and magnesium of chlo­
rotic fronds are also lower than the green healthy 
frond contents. 

There was little opportunity to carry out a 
comprehensive trial in this area as affected palms 
were scattered in small groups. A small number 
of palms were each treated with 1 lb. sulphur 
on 8th October, 1964, and a further 2 lb. on 7th 
April, 1966. The first application was sufficient 
to produce striking improvement in colour and 
yield as measured by nut content. Table 12 and 
Figure 5 shows that the average increase in yield 
was over 30 nuts per palm. 
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Table 12.-Effect of Treatment on Nut Count, Site 
4. (Nuts per palm.) 

Area A. 
Palm Al, Treated 

A2, Treated 
A3, Treated 
A4, Treated 
A5, Treated 
A6, Treated 

Area B. 
Palm Bl, Treated 

B2, Treated 
B3, Treated 
B4, Treated 
B5, Treated 
B6, Treated 

Average-
Treated Palms 

Area B. 

6 
3 
0 
0 
8 

24 

0 
18 
16 

0 
0 
0 

6.2 

Palm Cl, Untreated 10 
C2, Untreated 0 
C3, Untreated 0 
C4, Untreated 5 
C5, Untreated 0 
C6, Untreated 0 

Average-
Untreated Palms 2.5 

In 
<!:> 
a, .... 
,_,; 
,...; .... 

20 
9 
4 
0 

19 
31 

0 
29 
22 

0 
0 
0 

11.2 

8 
0 
0 
1 
8 
0 

2.8 

16 
41 
26 
13 
18 
30 

9 
23 
26 
30 
11 
11 

16.2 

6 
2 
0 
2 
2 
0 

2.0 
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20 
40 
35 
39 
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54 

41 
38 
31 
42 
52 
33 

39.4 

6 
4 
0 
3 
2 
0 

2.5 

OCT 

65 

FEB 

66 

JUNE 

66 

OCT 

66 

ON NUT COUNT, EXPERIMENTAL SITE 4. 

The yield increases and foliage colour improve­
ment were also accompanied by an improvement 
in copra quality. All treated palms now produce 
normal copra, while the copra from the untreated 
sulphur deficient palms remains rubbery. The 
sulphate content of the nut waters of treated 
palms has a value over 30 p.p.m. while that 
from untreated palms has remained at about 
1 p.p.m.S. 

Experimental Site 5. 

This area is at Kokopo, about five miles from 
the previous one, in similar deep pumice soil of 
good physical characteristics. Here the palms 
are believed to be over 80 years old. They 
would appear to have passed their ,normal pro­
ductive life but as they had typical symptoms of 
sulphur deficiency, ( in particular, yellowing, low 
nut count and a small number of upright 
fronds), it was decided to experiment with 
sulphur. The area was one where Lettcaeina 
leucocephala was very stunted in growth and 
responded immediately to sulphate of ammonia. 
Cocoa was below average but did not display 
deficiency symptoms. 

Few nuts could be obtained from these tre~s 
but those that could were small and produced 
extremely thin, rubbery copra of Category 0. 



A composite sample of coconut water showed a 
sul_lihate content of less than 1 p.p.m.S. The 
potassium content was extremely high (75-92 
m.e.jlitre K). 

A trial was commenced on 8th October, 1964. 
The palms selected were representative of a 
large area of o1d yellow palms. One pound of 
sulphur was applied to each of 12 palms ( in two 
six-palm plots). Another 12 palms were left 
untreated. 

The treatments gave a clear foliage response 
within six months of application of sulphur 
while nut count increases of about 20 nuts per 
palm were obtained after two years. It was 
considered that the original application of 
sulphur was too light, so a further application 
of 2 lb. per palm was made on 7th April, 1966. 

The consistent mcreases m production of 
single palms are worth recording m detail 
(Table 13), while average increases are shown 

:<;raphicaily in Figttre 6. Despite the small size 
of the trial, the increases are highly significant. 

The copra quality was slower to improve on 
this site and little improvement was noted after 
one year. After two years there was a vast 
improvement 111 quality 111 copra from treated 

50 

40 

30 

NUTS 

PER PALM 

20 

10 

31 

Table 13.-Effects of Sulphur on Nut Counts, Site 5. 
(Nuts per palm at various dates.) 

.,; 
<O 
a> 
.-< 
.,; 
....; 
.-< 

'° <O 
a> 
.-< 
..,; 
....; 

Area 1. Pa.1m Al, Treated 5 25 27 27 
A2, Treated 1 21 20 34 
A3, Treated O 4 15 21 
A4, Treated 2 5 8 21 
AS, Treated O O 3 12 
A6, Treated O O 1 3 

Palm Bl , Untreated 9 14 4 O 
B2, Untreated 8 3 O 1 
B3, Untreated O O O O 
B4, Untreated 2 0 1 7 
B5, Untreated O 3 2 7 
B6, Untreated O O O O 

Area 2. Palm Cl, Treated O O 14 17 
C2, Treated 8 0 0 2 5 
C3, Treated O 8 9 32 
C4, Treated 9 16 35 38 
C5, Treated 9 21 19 23 
C6, Treated 12 28 21 21 

D1, Untreated 1 9 7 5 
D2, Untreated 9 14 8 14 
D3, Untreated S O O 0 
D 4, Untreated 3 12 4 11 
D5, Untreated 1 0 0 0 
D6, Untreated 5 6 0 2 

Average, Treated palms 3.8 10.7 14.3 22.8 
Average, Untreated palms 3.4 5.1 2.2 3.9 

+ SULPHUR 

UNTREATED 
01.....-____________________________ _ 

OCT 
64 

FEB 
65 
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65 
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65 
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palms, while nut water sulphate contents had 
increased in the treated palms to an average 
figure of 20 p.p.m. There is no -doubt that on 
areas such as this, old palms can be rejuvenated 
by dressings of sulphur and that economic yield 
responses can be obtained Most plantation areas 
in Papua and New Guinea have not reached the 
age of these palms but it is likely that with the 
knowledge that widespread sulphur deficiency 
occurs, the economic life of many palms may be 
prolonged. 

Near this area old palms are being replaced 
by new plantings and early results show that the 
seedlings will respond to sulphur applications, 
although nitrogen deficiency also occurs. 

Experimental Site 6. 

Rubbery copra is prevalent in some areas of 
the Bainings District of New Britain. There 
are extensive areas of chlorotic palms and some 
of these were examined and sampled by Baseden 
in his original investigations. Site 6 is repre­
sentative of areas of poor palms in this district. 
Typical symptoms of sulphur deficiency were in 
evidence, while leucaena was difficult to establish 
and responded well to sulphate of ammonia 
applications. An area of about 40 mature palms 
was selected. These palms were generally yellow 
but deficiency did not appear as severe as on 
most other sites. The palms were carrying an 
average of 16 nuts. Mature nuts were small and 
produced a very rubbery type of copra in Cat~­
gory 1 to 2. The soil drainage was suspect rn 

this area. 

The palms were divided into two blocks and 
half the palms in each block were each fertilized 
with 3 lb. sulphur in March, 1966. In Septem­
ber, 1966, it was noted that all palms had 
improved in colour, including the untreated ones. 
By February, 1967, a significant improvement 
in copra quality had occurred in the treated plots. 
Nut numbers had increased throughout, with a 
tendency for the treated palms to carry more 
nuts than the control palms. Table 14 gives the 
field and chemical data for this experimental 
site. 

Experimental Site 7. 

This site is situated on a plantation on the 
coast about 50 miles north west of Port Moresby 
in Papua. Although only a small area of less 
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Table 14.-Effect of Treatment on Nut Count, Copra 
Quality and Nut Water Sulphate Content, Site 6. 

Nil Treatm ent 

March, 1966 
September, 1966 
February, 1967 

NUT 
COUNT 

(Average 
Nuts/ 

palm) 

18.3 
20.6 
28.9 

Sulphur Treatment 

March, 1966 15.1 
September, 1966 21.4 
February, 1967 30.3 

COPRA 
QUALIT Y 
(Average 

points 
score 

per palm ) 

1.5 
1.6 
1.6 

1.5 
1.3 
2.9 

N U T 
WATER 

SUL PHATE 
CONTENT 
(p.p.m. S ) 

2.5 p.p.m. 

1.0 p.p.m. 

2. 5 p.p .m. 

15 .3 p.p.m. 

Nut water potassium content was 55-76 m.e./litre K 
(high). 

than 100 acres in involved, it is likely that many 
such sulphur deficient areas exist on Papuan 
coastal plantations. The soils are alluvial and 
sometimes subject to impeded drainage. The 
climate is quite different to the areas previously 
described, having distinct wet and dry seasons 
and average annual rainfall of about 45 inches. 

The mature palms show fairly typical symp­
toms of sulphur deficiency but are not as severely 
affected as in many other areas. The copra 
produced from the palms shows a rubbery ten• 
dency, but the quality is not in the extremely 
rubbery or very rubbery grade and varies between 
Categories 2 and 4. Young palms in an adjacent 
area have responded markedly to sulphur appli­
cations. Frond samples collected from healthy 
and affected palms have shown large differences 
in sulphate sulphur content while no other 
serious deficiencies have been generally indicated 
by frond analysis. In these sulphur deficient 
areas, the cover crop Pueraria phaseoloides shows 
clear symptoms of sulphur deficiency. 

Areas of mature palms have been treated with 
various types of fertilizers containing sulphur. 
Sulphur, sulphate of ammonia and compound 
fertilizer with a sulphur base ( 12 : 12 : 1 7 : 
2 per cent. MgO) have been used. First treat­
ments were aoplied in January, 1966, and 
continued to May, 1966. 

Effects of treatment in foliage colour improve­
ment have been slow to appear. Thi, is 
undoubtedly due to the prolonged dry season 
from April to November, 1966, when only 7.4 



in. of rain were recorded. Elemental sulphur 
Applied in March, 1966, was still quite visible 
in January, 1967, which marked the beginning 
of the wet season. Little oxidation had thus 
occurred and soil moisture content was low 
enough to limit uptake of nutrients, even, when 
applied as soluble fertilizers. 

By April, 1967, all treatments contammg 
sulphur had produced a distinct improvement 
in foliage, nut count and copra quality, while 
uptake as determined by nut water sulphate 
content was considerable. Table l 5 lists the 
details of the various experiments at this site 
and the observations and analyses made. 

Experimental Sites 8 and 9. 
These sites consist of two small areas on 

adjacent plantations at Cape Rodney, about 100 
miles south east of Port Moresby. Both areas 
show typical symptoms of sulphur deficiency but 
the situation is more complex than in areas 
previously described, as a serious potassium defi­
ciency is also operating, characterized by 
pronounced bronzing of leaves and very poor 
uptake as measured by chemical analysis. 

No experiments have yet been carried out on 
these two areas. Mature and young palms are 
involved. Analyses of nut waters show low 
sulphate contents and frond samples from the 
young palms demonstrate very poor sulphur 
uptake. Nuts from both areas produce copra 
of rubbery nature. Table l 6 presents the analy­
sis and observations made on mature palms while 
the frond analyses are included in Table 10. 
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Table 16.-Analysis of Coconut Waters, Sites 8 and 9. 

Q) ,..:_ 

al>, g s 
.... ;::: ci o.- ci O al Q) 
o::s § ~ (J 

0 
~ 00. 

Site 8, sulphur deficient Rubbery 5.7 1.0 
Site 8, healthy, adjacent Normal 9.9 23.3 
Site 9, sulphur deficient Rubbery 24.3 2.0 

THE DIAGNOSIS OF SULPHUR DEFICI­
ENCY BY COCONUT WATER ANALY­

SES AND QUALITY TESTING OF 
COPRA. 

It is clear that the sulphate content of coconut 
water collected from the various sites bears a 
strong relationship to the absence or presence 
of field symptoms and to the quality of the 
copra produced. These methods are therefore 
important aids to diagnosis of sulphur deficiency 
and could be used to locate sulphur deficient 
areas in the Territory. Thus any plantation 
producing significant amounts of rubbery copra 
should be investigated. While it is not certain 
that this abnormal copra is only produced by 
sulphur deficient palms, certainly it was so for 
the nine experimental sites chosen. 

Sulphate determinations would be valuable in 
confirming field and quality diagnoses but more 
importantly in diagnosing milder deficiencies of 
sulphur, i.e., cases where symptoms in the palms 
or copra are not so apparent, but where yield 

Table 15.-Details of Field and Chemical Data, Site 7. 

Trial Treatment Nut Count, nuts per palm 

"" 
.,_ 

~ "" "" e O> O> 
M M 

u;; ,....; ~ 

~ 0 ~ "" 
A Control 23 24 33 + NPK 21 27 24 + NPKS 12 26 39 
B Control 16 25 26 + Sulphate of Ammonia 15 21 34 
C Control 11 17 20 + Sulphur 16 32 39 

Average, treatments without sulphur 19.0 27.1 31.8 
Average, treatments with sulphur 14.5 26.7 37.4 

Potassium Content of Nut Waters 58-90 m.e.R/litre (high) 

Quality, Point Score per palm Sulphate Content, 

"" .,_ 
"" : O> 

:;; M 
,....; 

::: ai 
"" 

2.8 2.4 
2.2 2.0 
1.9 3.0 
2.0 2.2 
2.5 2.5 
2.7 2.7 
2.5 2.3 
2.4 2.3 
2.3 2.6 

~ 
e 
"q< 

t 
2.7 
2.3 
3.0 
1.8 
2.7 
2.5 
2.5 
2.3 
2.7 

2 
2 

p.p.m.S .. 
Cl -... ,....; 
g 

4.5 
3.5 
6.5 
4.5 
6.0 
1.5 
7.5 
3.5 
6.7 
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Table 17.-Sulphate Contents of Coconut Waters, Deficient and Non-deficient Areas. 

Location. D efi c ien c y Symptoms . 

Site 1 Present 
Site 1 Not Present (Treated) 
Site 2 Present 
Site 2 Present 
Site 3 Present 
Site 4 Present 
Site 4 Not Present (Treated) 
Site 5 Present 
Site s Not Present (Treated) 
Site 6 Present 
Site 6 Not Present (Treated) 
Site 7 Present 
Site 8 Present 
Site 8 Not Present 
Site 9 Present 
Bainings Not Present 
New Britain Not Present 
New Ireland Not Present 
Papua Not Present 
Bougainville Not Present 
New Britain (South) Not Present 
Markham Valley Not P,resent 

may be affected. Table l 7 presents the sulphate 
contents of coconut waters from all the experi­
mental sites chosen and also from a number of 
healthy areas producing normal copra. There 
are marked differences in the sulphate content 
between deficient and non7deficient areas. 

To summarize, symptoms of sulphur defi­
ciency and presence of rubbery copra are mainly 
associated with sulphate contents of less than 
10 p.p.m.S. There have been no indications 
of palm or copra symptoms above 20 p.p.m.S. 
and generally these palms are producing well. 

It appears likely that in the intermediate range, 
i.e., 10 to 20 p.p.m., mild sulphur deficiency 
could occur and yields may be affected. These 
levels will provide a good working basis for 
chemical diagnosis of sulphur deficiency in 
mature palms and it should be possible, with 
further experimental trials and chemical analyses, 
to increase the precision of diagnosis. 

Diagnosis of Sulphur Deficiency in Young 
Palms. 

The sulphate sulphur content of the fronds of 
young palms can be us.ed as a criterion for 
diagnosis of sulphur deficiency. The method 
could probably be extended to tall mature palms 
but the coconut water method is more conveni­
ent. 

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL 

Copra Quality. S.p.p.m. 

Rubbery 1.0-8.0 
Slightly rubbery to normal 13-58 
Rubbery 3.5 
Slightly rubbery 3.5-5 .5 
Very rubbery 1.0 
Rubbery .... 1.0 
Normal 30 
Very Rubbery 1.0 
Normal 19.8 
Rubbery 1.0-3.0 
Slightly Rubbery 15.3 
Slightly Rubbery 1.0-5.5 
Rubbery 7.0 
Normal 23 
Rubbery .... 2.0 
Normal 80-100 
Not Reported 70-100 
Not Reported 70-80 
Normal 44-100 
Not Reported so 
Not Reported 35-80 
Normal 60 

Samples of fronds have been obtained from 
young palms in areas where sulphur deficiency 
has been established by responses to sulphur in 
either mature or young palms. Various frond 
positions have been used, depending on the age 
of the palms. Sampling is carried out by select­
ing six leaflets from the mid portion of the 
fronds and discarding the midribs. 

There are large differences between the sul­
phate sulphur contents of deficient and non­
deficient palms. It is also clear that frond 
position has a large effect on sulphate content, 
the contents in the younger fronds being higher 
under both deficient and non-deficient conditions. 
Table 18 shows the sulphate contents of fronds 
from various coconut experimental areas. 

Critical levels of 200 and 150 p.p.m. sulphate 
sulphur respectively are suggested for young 
(1st to 4th) and older (9th to 14th) fronds. 

GENERAL DISCUSSION. 

It has been shown that sulphur deficiency 
exists in all of the nine areas of chlorotic palms. 
It is known that a large number of other areas 
of coconuts, which show similar symptoms, exist 
in Papua and New Guinea. The wide occtX­
rence of defective nuts producing rubbery copra 
gives support to the view that sulphur deficiency 



Table 18.-Foliar Sulphate Contents (p.p.m.S) of Deficient and Non-deficient Palms, various areas. 

Location Age D efi cien cy 1s t Fronds 4th Fronds 9t h Fronds 14th F ronds 

Site 1 Mature Severe 80 65 
Site 3 Mature Severe 120 130 

Site 4 Mature Severe 45 

Site 4 Mature Slight 110 

Site 7 Young Severe, nil treatment 70-190 40-180 
Site 7 Young Severe, N treatment 80-130 90-120 
Site 7 Young Nil, S treatment 220-640 240-290 
Site 7 Young Nil, NS treatment 240-750 230-420 
Site 7 Mature Severe, untreated 90 65 
Site 7 Mature Slight, untreated 170 100 
Site 7 Mature No deficiency 455 380 
Site 8 Young Severe 110 115 125 

Site 8 Mature No deficiency 160-230 180-2 30 

Site 9 Young Severe 160 100 
Papua Young No deficiency 30-170 460-640 270-560 
Finschhafen Mature No deficiency 240-33 0 160-220 

Kokopo Young Severe, nil treatment 
Kokopo Young Severe, N treatment 50-160 
Kokopo Young Nil , S treatment 370-750 
Kokopo Young Nil , NS treatment 200-42 0 
Lae Mature Slight 150 130 

Range of Values Severe 70-190 40-180 65-125 45-130 

Range of Values Slight 170 100-150 130 

< Range of Values No deficiency 220-750 230-420 160-560 180-230 
0 
:' 
..... 
~ 

z 
9 
_;' 
'-, 
c::: 
r' 
t:: 
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\0 
0\ 
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is a major li~iting factor to the high production 
of good quality copra in this Territory. It is of 
consequence also to note that many cases of 
sulphur deficiency have occurred in other crops 
throughout Papua and New Guinea. Coffee, 
tea, tobacco and legumes have been affected both 
ini lowland and highland areas. 

New Guinea ha? a wide variety of soil types 
derived from volcanic and sedimentary rocks ; 
they vary from deep mature tropical latosols to 
immature volcanic and alluvial soils.. Sulphur 
deficiency has been found to exist in most types, 
but perhaps more frequently on the younger soils. 
The reasons for the widespread occurreoce of 
this deficiency are thus more likely to be ecolo­
gical than pedological. Some contributing 
factors are likely to be :-

(a) The extremely high rainfall and heavy 
leaching in most areas. 

( b) The practice of burning grassland and 
forests periodically. Much sulphur would 
be converted to gas and lost to the atmos­
phere and subsequently the sea. 

( c) The lack of industrialization, contributing 
sulphur in waste gases. 

( d) Only small use of fertilizers until recent 
years. There is now wider use of fertilizers, 
but many, such as urea and a large range of 
compound fertilizers, do oot contain sul­
phur. It has been observed that use of 
fertilizers containing nitrogen but no sul­
phur will induce or aggravate sulphur 
deficiencies in most tropical crops. 

( e) The competition of other plants having 
an affect on sulphur availability. Kunai 
grass (lmperata sp.) competition is often 
associated with sulphur deficiency. The 
wide practice in Papua aoo New Guinea 
of interplanting coconuts with cocoa would 
increase sulphur requirement. 

An interesting feature of some of the experi­
mental work has been the apparent seasonal 
change in the severity of the condition. This 
has been observed in foliage improvement and 
also in quality improvement of the copra. Such 
changes are consistent with changes in the avail­
ability of sulphur, which could occur as a result 
of very dry or very wet periods. On one 
occasion, at least, the improvement of palms m 
New Britain coincided with a volcanic eruption 

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL 

i':1 Bougainville an,d it is believed that sulphur 
nch dust carried by the prevailing winds tempo­
rarily alleviated the condition. 

~lan~ation managers who have been fertilizing 
their mterplanted cocoa with sulphate of 
amm?':ia have observed an improvement in the 
condition of coconuts and a decrease in the 
amount of rubbery copra produced. It is also 
worthy of note ~at for years some big companies 
have been carrymg out a policy of fertilizing 
coconut palms with ferrous sulphate. This pro­
cedure was considered to produce beneficial 
results but it now appears likely that any response 
obtained was probably due to· the sulphur con­
tent of the ferrous sulphate and that a much 
more economic treatment would be elemental 
sulphur. 

It is likely that sulphur deficiency exists in 
many plantation areas in Papua and New Guinea 
and that extensive use of sulphur is warranted. 
Large increases in production have been obtained 
on individual areas and quality improvement is 
an added benefit. The identification of sulphur 
deficient areas is possible by using field and 
chemical diagnosis and surveys should be under­
taken to determine the areas affected. The 
records held by the Department of Agriculture, 
Stock and Fisheries on the incidence of rubbery 
copra on individual plantations will prove valu­
able in these surveys. 

_The author is of the opinion that sulphur 
might be the forgotten essential nutrient as far 
as coconuts are concerned. While more 
developed copra producing countries like Ceylon, 
India and the Philippines have probably been 
using sulphur containing fertilizers for many 
years aoo may therefore not encounter deficiency 
problems, there must be many other areas, parti­
cularly Indonesia and the Pacific Islands, where 
sulphur deficiency may be occurring, perhaps 
causing some undiagnosed growth or production 
problem. 

(Received, March, 1967.) 
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SULPHUR DEFICIENCY IN COCONUTS, A 
WIDESPREAD FIELD CONDITION IN PAPUA 

AND NEW GUINEA. 

PART II: THE EFFECT OF SULPHUR DEFICIENCY ON COPRA 
QUALITY. 

P. J. SOUTHERN.* 

ABSTRACT. 

S1tlphur deficiency cames cocomtt palms to procl!tce defective 1mbbe1 y' copra which 

has poor ,physical and chemical qualities. The copra haJ a low oil content, high moist11re 

absorbing properties, high rngar, ash and nitrogen contents. The oil ex.t.racted contains 

hith amounts of unsaturated fatty acids causing high iodine va!lles and low saponification 

valttes. It is shown that this is probably due to the high proportion of testa to kernel. 

Rubbery copra contains lower amo1mts of sulphate than 11ormal copra and can be 

improved in quality by ameliorating the sulphttr deficiency. At present it forms et signifi­

cant proportion of the copra production of Paptta and New Gxinea. 

References have been made in the preceding 

paper (Southern 1967) to the occurrence in 

Papua and New Guinea of abnormal copra, 

locally termed 'rubbery copra'. There are few 

reports of such material being found in manu­

factured copra in other coconut growing coun­
tries. 

Cooke ( 193 7) described the properties of 

rubbery copra as found in Malaya, as follows :-
" Defective nuts produce rubbery copra, the copra 

obtained from such nuts, even if ripe, being heavily 

wrinkled, yellow, distorted and plastic after drying 

under the best conditions possible, and such copra is 
particularly liable to deteriorate. Copra from defec­
tive nuts can be distinguished from copra of similar 
texture which is obtained from unripe nuts because 
the testa or brown skin of such copra is thick, dark 

brown and adhering_ Copra from unripe nuts presents 

a bald appearance as much of the skin is retained by 

the shell. 

" In certain districts of Malaya, there is a pro­
nounced tendency for nuts to be defective which, 

coupled with unfavourable climatic conditions, seems 

to explain the particular difficulty of producing good 
copra in Malaya. The physiological aspect of the 
problem, which is very complex, is under investigation 

by the Soils Chemist." 

* Senior Chemist, Department of Agriculture, Stock 
and Fisheries, Port Moresby. 
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Cooke also describes the chemical and physical 
properties of rubbery copra :-

" While the moisture content of the wet, raw meat 
from defective nuts is exceptionally high, the oil 
content (wet basis) is exceptionally low. Nevertheless, 
when the large amount of contained moisture is 
evaporated, the average ·oil content ( dry basis) of the 
resulting rubbe1y copra is normai, i.e., the average oil 

-tissue ratio is not abnormal. 

"Individual pieces of rubbery copra, however show 
wide variations as regards oil content and the follow­
ing may be quoted as typical :-

58.0, 62.1, 63.8, 66.2, 67.4, 69.4, 69.6 per cent. 
Average oil content (dry basis) ;-65.46 per cent. 

" Since the average oil content is normal, it might 
appear surprising that the oil millers should regard 
rubberiness as one of the worst clef ects of copra on 
the grounds that rubbery copra gives a poorer yield 
of oil. The reason is that such copra does not break 
up easily, but gives a coarse meal which is elastic, 
which does not part with its oil readily and which, 
moreover, being spongy, can reabsorb oil when the 
pressure is removed. A further serious objection to 
such copra is that it will jam the conveying machinery 
and clog the silos and hoppers." 

Dwyer ( 193 7) reported the presence in the 
Bismarck Archipelago of defective coconuts 

showing a thin, leathery, soft kernel, which did 
not dry out properly when dried in the normal 
manner. The resultant copra was described a~ 

soft, flexible and leathery, often becoming brown 



Plate !.-Rubbery copra produced from 
apparently normal nuts from sulphur 

deficient palms. 
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Plate III.-The improvement in copra 
quality following treatment of palms 

with sulphur. 

3 4 

Plate II.-Pieces of copra showing 
varying degrees of rubberiness and 
being typical of the categories selected. 
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in colour, and being of poor appearance and 
9...uality. Dwyer also COThSidered the occurrence 
as having a nutritional or physiological cause. 

There is no doubt that in this Territory, 
copra of rubbery quality, similar to that described 
by Cooke and Dwyer, is found through­
out all major copra producing areas. Unpub­
lished data by Murty (1958) showed that an 
estimated 2,000 tons of copra containing an 
admixture of rubbery material passed through 
inspection centres from July, 1957, to June, 
1958. This was over two per cent. of the total 
production. Over 100 plantations had reports 
of rubbery copra occurring in their shipments. 
When it is considered that much of the rubbery 
copra produced is hand sorted on plantations and 
is not included in copra prepared for export, it 
is likely that this defective copra represents a 
significant proportion of the total production. 

It has now been shown that rubbery copra is 
produced by coconut palms affected by sulphur 
deficiency and that copra quality can be improved 
by treating affected palms with sulphur 
( Southern 1967) . Some of the effects of sul­
phur deficiency on the physical and chemical 
characteristics of copra are outlined in this paper. 

THE PHYSICAL NATURE OF 
RUBBERY COPRA. 

Fresh coconut meat from sulphur deficient 
palms cannot be distinguished from that obtained 
from healthy palms. The meat of ten has a 
rather wrinkled inside surface but this abnor­
mality is also found in nuts from potassium 
deficient palms and even in some nuts from 
apparently healthy and productive palms. The 
nuts themselves are generally small in size while 
they may be any shape. 

All the nuts examined in these investigations 
had the appearance of fully mature nuts ; in fact 
the embryo had commenced to develop in many 
cases. They were all collected on the ground and 
husks were well dried out. There was therefore 
no possibility that the rubbery copra obtained 
was due to nut immaturity, which can produce 
a thin type of leathery copra. Plate I shows that 
the affected nuts have normal meat thickness. 
However, when they are dried the meat collapses 
into thin, rubbery or leathery copra, of ten darker 
in colour than usual. The copra frequently 
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splits and becom<'ts distorted in shape. In severe 
cases the testa becomes very wrinkled. The 
coloured photograph clearly shows the type of 
copra produced trom apparently normal nuts. 

The loss in weight on drying is much more 
than in normal manufacture, a property also 
observed by Cooke. From tests carried out on 
copra from an experimental site it was found 
that 100 lb. of coconut meat from sulphur 
deficient palms would produce only about 38 lb. 
of rubbery copra, compared to the production of 
about 58 lb. of normal copra from non-deficient 
palms. 

Tests have also shown that different drying 
techniques have little or no influence on the 
nature and quality of the final product. Thus 
halves of the same nut dried in the oven or the 
refrigerator produced copra of similar characteris­
tics. 

In the usual hot humid atmosphere of the 
tropics, this defective copra will absorb moisture 
rapidly and its physical characteristics become 
more obvious. It becomes flexible and almost 
elastic, giving rise to the term 'rubbery copra'. 
It is these adverse physical properties which 
cause milling and extraction problems. The 
texture of this copra, its distorted and cracked 
shape and its generally thinner nature enable it 
to be readily differentiated from normal copra. 

THE CHEMICAL CHARACTERISTICS 
OF RUBBERY COPRA. 

To examine the chemical properties of various 
degrees of rubbery copra, representative samples 
of rubbery and normal copra were selected from 
a large amount of copra collected from the 
Experimental Site 1 described in the previous 
paper. These were placed i.111 five categories as 
follows:-

Category 0 
Category 1 
Category 2 
Category 3 
Category 4 

Extremely Rubbery. 
Very Rubbery. 
Rubbery. 
Slightly Rubbery. 
Normal. 

Typical pieces of copra in each of these cate­
gories are shown in Plate 2. The grades are 
mainly distinguished by thickness and texture 
and differences are not clearly brought out by the 
illustration. 
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All copra was dried at 50° to 60°C in a 
forced draft hot air oven. Prior to this samples 
were washed thoroughly to remove traces ot 
coconut water from the surface of the meat. 

Following rapid comminution in a blender, 
determinations were made of moisture, oil con­
tent, total sugars, nitrogen, sulphur and ash. 
The results of these analyses are shown in Table 
1. 

Some more detailed comments on the deter­
mination and results are as follows :-

(a) Moisture Content. 

The dried ground samples were left for a 
short time exposed to a humid atmosphere before 
any determinations were carried out. Moisture 
determinations showed that rubbery copra had a 
greater tendency to absorb moisture than normal 
copra. This is a well known property of rub­
bery copra and has been remarked upon by 
Cooke. It has been generally observed in these 
investigations that fungus and bacterial growth 
would form on the surface of pieces of rubbery 
copra long before normal pieces of copra were 
affected. This is a serious disadvantage in that 
shipments of copra containing rubbery material 
would deteriorate much faster than those of 
normal copra. 

The affinity for moisture of rubbery copra 
may be due to the higher content of nonfatty 
material, in particular the higher content of 
minerals. 

(b) Oil Content. 

The oil was determined by extracting five 
grams of ground material with petroleum ether 
in a soxhlet extraction unit. The material was 
reground three times in a stainless steel milJ 
until the total oil content was almost constant. 
Less than 0.3 per cent. oil was recovered in the 
final grinding and extraction. 

The oil content of pieces of rubbery copra is 
very much less than that of normal copra and 
Table I shows that the oil content is well cor­
related with the degree of rubberiness. Other 
samples of rubbery copra have invariably given 
low oil contents, as Table 2 shows. 'these 
results were the analyses of a number of nuts 
rather than single nuts. 

Table 2.-0il Contents of Copra, Rubbery and Non­
Rubbery. 

I Co.tegory. 
Oil Content 

Location. Description. (Per Cent. 
Dry Bwis). 

Site 4 2 Rubbery .... 53.6 
Site 5 (a) 0 Extremely Rubbery 39.1 
Site 5 (b) 0 Extremely Rubbery 41.6 
Site 6 ( a ) Very Rubbery 47.8 
Site 6 (b) Very Rubbery 46.6 
Site 6 ( C) 1 Very Rubbeq, 51.7 
Site 6 (d) 1 Very Rubbery 42.8 
Site 7 1 Very Rubbery 47.7 
Site 7 2 Rubbery 56.5 
Site 7 3 Slightly Rubbery 61.8 
Kokopo 1 Very Rubbery 47.5 

Fig11re 1 shows that the oil contents obtained 
correlate well with the categories of quality deter­
mined by visual and physical examination. The 
diagram is a summary of results presented in 
Tables I and 2. 

While Cooke ( 193 7) considered that Malayan 
'rubbery copra' had a fairly normal oil content 
( expressed on a dry basis), it is evident that the 
Papua and New Guinea material has a very low 
oil content. Shipments which contain significant 
proportions of rubbery copra are therefore likely 
to have a lower oil content than usual. More­
over, the difficulty in extracting oil from rubbery 
pieces because of their adverse physical nahue 
would make rubbery copra, with its lower oil 
content, even more unattractive to coconut oil 
manufacturers. 

Table 1.-Analysis of Various Grades of Rubbery Copra. 

Moisture I 
Oil Per Total Sugars Ash Nitrogen Sulphate 

Category. Description. Per Cent. Cent Dry P.er Cent Dry Per Cent. Per Cent. p.p.m.S Dry 
Ba.Eis Basis Dry Basis. Dry Basis. Basis. 

0 Extremely Rubbery 4.8 38.4 29.5 4.0 2.52 31 
1 Very Rubbery 4.8 47.0 32.4 3.2 1.95 37 
2 Rubbery 4.3 51.6 32.9 2.8 1.65 22 'I, 

3 Slightly Rubbery 2.5 64.4 20.0 2.5 1.32 107 
4 Normal 2.4 64.9 21.5 2.3 1.19 141 
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FIG I. OIL CONTENT OF COPRA, 

It has been shown in the previous paper how 
copra quality can be improved by the use of 
sulphur or sulphate fertilizers. An outstanding 
example of the improvement gained is shown in 
Plate III. Two years after application of 2 lb. 
sulphur the quality improved from Category 0 
( extremely rubbery) to Category 4 (Normal). 
This example occurred at Kokopo on Experi­
mental Site 5. The oil content of samples 
increased from 40 per cent. to 65 per cent. on a 
dry basis. 

In Experimental Site 1, oil contents of copra 
samples were determined at frequent intervals 
during the course of the fertilizer trial. \X'ith 
the improvement in copra quality it would be 
expected that the oil content of the copra would 
increase for the sulphur treated palms and this 
is strikingly shown in Table 3 and Figttre 2. 

It is surprising to note that significant increases 
in oil content were obtained six months follow­
ing treatment with sulphate fertilizers. The 
action of elemental sulphur was slower than that 
of the soluble sulphate fertilizers although the 
end result was the same. The increase in oil 
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content is thus associated with quality improve­
ment, foliage colour improvement, frond 
increases and sulphate content as shown in the 
previous paper. 

Table 3.-Effect of treatment on oil content of 
Copra, Site 1. (Per cent. oil on dry basis.) 
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1 19.7.1965 43.7 46.8 45.4 48.7 
2 11.10.1965 41.4 46.8 51.1 49.9 
3 10.1.1966 46.6 54.4 59.4 57.2 
4 16.2.1966 48.9 53.7 64.0 64.8 
5 28.2.1966 51.0 59.9 62.6 63.0 
6 14.3.1966 54.3 61.0 64.3 62.7 
7 28.3.1966 53.3 64.4 65.2 65.2 
8 18.4.1966 48 .8 62.1 63.8 64.5 
9 2.5.1966 49.5 62.9 65.3 66.7 

10 3.6.1966 53.0 63.3 64.7 63.8 
11 24.6.1966 47.4 62.8 64.3 63.6 
12 5.7.1966 46.7 60.4 61.5 60.6 
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ASH AND NITROGEN CONTENT. 

These constituents were determined on the 
ground copra after extraction of the oil. Ash 
was determined by heating in a muffle furnace 
for six hours at 550°C and nitrogen by the 
Kjeldahl method. Table l shows that when 
expressed as a percentage of the copra on a dry 
bas.is, rubbery copra contains more nitrogen and 
ash than normal copra. If, however, the contents 
are expressed on an oil free basis, they are not 
significantly different. 

SULPHATE CONTENT. 
The sulphate content of the oil free materiaJ 

was determined for the five samples by the 
method used for coconut leaf tissues, which was 
indicated in the previous paper. The sulphate 
content of the rubbery material was much lower 
than that of the normal copra. This was to be 
expected from the close association between 
sulphur deficiency and rubbery copra. 

CONTENT OF SUGARS. 

It has been observed that defective nuts, either 
as green meat or as the dried rubbery copra, are 
noticeably sweeter to the taste. Another 
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observed property of rubbery copra, particularly 
when dried at fairly high temperatures, is that 
it tends to become darker than normal copra. 
Both these observations point to a higher sugar 
content in rubbery copra. 

Sugars were determined by the A.O.A.C. 
method. There were only traces of reducing 
sugars present in all samples, but after inversion 
the values for rubbery copra were in general 
much higher than for normal copra. It is known 
that the sugar composition of coconut water 
changes from reducing sugars to non-reducing 
sugars during the ripening process (Child and 
Nathanael 1950) and it has been shown that the 
sugars present in copra itself are the non-reduc­
ing sugars sucrose, fructose, galactose, raffinose 
and glucose (Caray 1934). This appears to 
demonstrate that the coconuts were mature when 
processed, but that a breakdown in oil synthes:s 
had occurred which had resulted in low oil 
content and a high content of unconverted 
sugars. The collapse on drying of defective nuts 
into thin, rubbery copra could well be attributed 
to the fact that the cells did not contain their 
normal quota of oil. 

FEB MARCH APRIL MAY JUNE JULY 

FIG.2. EFFECT OF ·TREATMENT ON OIL CONTENT OF COPRA , EXPERIMENTAL SITE I. 
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Table 4.-Properties of coconut oil extracted from rubbery and non-rubbery copra. 

" Category. 

0 
1 
2 
3 
4 

Description. 

Extremely rubbery 
Very Rubbery 
Rubbery 
Slightly Rubbery 
Normal 

Required Specification ... . 

Range, B.S. 628 (1950) 

PROPERTIES OF EXTRACTED OIL. 
An examination was made of some of the 

chemical properties of oil and the results are 
shown in Table 4. The values were determined 
by the British Standards Institution Methods 
( 1950). 

The values determined show that the oil from 
rubbery copra has quite different characteristics 
from the usual coconut oil and does not conform 
to the specifications laid down for crude coconut 
oil. The high iodine values obtained indicate a 
much greater degree of unsaturation and thus a 
different composition of fatty acids. 

It is considered that the abnormal values 
obtained for these oil characteristics are likely to 
be due to the much greater proportion by weight 
which the brown testa ( seed coat) represents in 
rubbery copra. Early work by Allan and Moore 
( 1925) showed that testa oil had quite different 
characteristics and fatty acid composition from 
kernel oil. The resultant mixed whole oil there­
fore had intermediate values and composition. 
Thus the following results were obtained for 
saponification values and iodine values (Table 5). 

Further work by Armstrong, Allan and Moore 
( 192 5) showed that the testa ( or parings) oil 
contained 23.0 per cent. and 10.0 per cent. 
respectively of the unsaturated oleic and linoleic 
acids, compared to only 5 per cent. and 1 per 
cent. for the kernel oil. This would account for 
the higher iodine values obtained for the former 
oil. 

Oil Content Iodine Saponifi- Refractive (per cent. Value. cation Index 
dry bas is) . Value, (40°C). 

38.4 20.25 234.1 1.4519 
47 .0 14.77 243.1 1.4508 
51.6 12.63 245.7 1.4504 
64.4 9.03 258.4 1.4490 
64.9 7.40 264.6 1.4489 

7.0 Above 1.4485 
to to 
9 .5 255 1.4492 

It is not known which method was used by 
Allan and Moore to determine the saponification 
values, which are very much lower than usual 
for coconut oil. It is also surprising that the 
saponification values for the testa oil, with its 
higher proportion of oleic and linoleic acids are 
higher than for the kernel oil. 

Allan and Moore noted that the ratio of testa 
to kernel varied from 1 : 10 to 1 : 2 5, for 
samples obtained from all over the world. For 
the extremely rubbery samples investigated, the 
proportion of testa to kernel is much higher, in 
some cases probably as high as 1 : 2 or even 1 : 1. 
The testa oil with its much higher proportion of 
unsaturated fatty acids would therefore have a 
great influence on the characteristics of the 
mixed oil and could well be respomible for the 
abnormal values obtained from oil from rubbery 
copra. 

Further investigations confirmed this hypo­
thesis. Testa free pieces of rubbery copra were 
analysed and these were found to have more 
normal oil characteristics, although their oil 
content was still low. Results oni three samples 
were as shown in Table 6. 

GENERAL DISCUSSION. 

The presence of rubbery copra in shipments 
has been shown to have a number of deleterious 
effects on the physical qualities of the copra and 
would tend to lower the oil content, reduce its 
saponification value and raise the iodine value 

Table 5. 

Saponification Value 
Iodine Value 

K e rnel O il. 

21 3.4-219.3 
5.7- 9.3 

T e!:" t a Oil. 

232.5-25 3.5 
21.5 - 59 .7 

Whole Oil. 

214.2-221.0 
7.1- 10 .5 
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Table 6.-Characteristics of oil obtained from testa 
free pieces of rubbery copra. 

ci 
...,,...:_ 

Q) :,; .::rn 
:3 Q)'~ 

~ § (l) 
> 

I-< ~~ Cli i zx 0 p. .::.~ ;::l C ;::l tl<l) IJJJ ·c oll'.l o .... ~ :5°td cil 'O Q) 0 p. cd cd i...:: 
~ tl >, ~-~l> ~l> ~H rn ::::o 0 Q) p:; 0 0~ 

1 Very Rubbery 43.4 248.4 7.99 1.4489 
1 Very Rubbery 43.7 250.1 7.74 1.4489 

3 Slightly rubbery 59.7 262.2 5.66 1.4480 

and refractive index. If rubbery copra is present 
in significant quantities, the quality of the oil 
may be changed so that it does not meet the 
required specifications. 

The occurrence of sulphur deficiency and 
rubbery copra is so widespread in Papua and 
New Guinea that the general use of sulphur 
containing fertilizers could increase total copra 
production substantially and improve the quality 
of the final product. 

The present investigation did not proceed 
further in examining the biochemical processes 
which obviously are affected by a deficiency of 
sulphur and do not pursue their normal course. 
The literature does not appear to contain refer­
ences to the role of sulphur in the formation of 
fats and oils in plants and this may be the first 
account of the effect of sulphur deficiency on 

PAPUA AND NEW GUINEA AGRICULTURAL JOURNAL 

oil synthesis. There is clearly an interesting and 
fruitful avenue of research open to bio-chemists 
and plant physiologists working in the tropics . 

(Received March, 1967.) 

REFERENCES. 
ALLAN, ]. AND MOORE, C. W. ( 1925). An Examina­

tion of Coconut Oils together with a Note on the 
Oils from some other Members of the Palmae. J. 
Soc. Chem. Ind. London, 44: 61T-63T. 

ARMSTRONG, E. F., ALLAN, J. AND MOORE, C. W. 
( 1925). The Fatty' Acid Constituents of some 
Natural Fats. I. The Oils from the Coconut. /. 
Soc. Chem. Ind. London, 44: 63T-68T. 

BRITISH STANDARDS INSTITUTION ( 1950). Vegetable 
Oils (B.S. 628-632 and 650-656 : 1950). 

CARAY, E. M. (1934). The Isolation and Identification 
of some of the Sugars in Copra Meal and Coconut 
Water. Philipp. Ag,-ic., 13 : 229-253. 

CoOKE, F. C. ( 193 7). The Practical Aspects of Copra 
Deterioration. Dep,artment of Agriculture. Straits 
Settlements and Federated Malay States, General 
Series No. 28. 

DWYER, R. E. P. (1937). The Diseases of Coconuts 
( Cocos nucif e1·a) in New Guinea. New Guinea 
agt"ic. Gaz. 3 : 28-93. 

MURTY, D. W. P. 9 (1958). Investigation of 
Incidence of Rubbery Copra from Coconut Plantings 
in the Territory of Papua and New Guinea. Depart­
mental Report (unpublished). 

SOUTHERN, P. J. ( 1967). Sulphur Deficiency in Coco­
nuts, a Widespread Field Condition in Papua and 
New Guinea. Part I. The Field and Chemical 
Diagnosis of Sulphur Deficiency. Papua and New 
Guinea agric. J. ( this issue). 



45 

Book Review. 

FISH AND FISHERIES. 
HUGH ANDERSON. LOTHIAN PUBLISHING COMPANY PTY. LTD., MELBOURNE-SYDNEY. 

This is a sm~ll, handy volume, useful as a 
brief guide to Australian fisheries ; one of a 
series on Australian Primary Industries from 
Lothian. 

There is a brief history of .fisheries and an 
outline of Australia's place in world fishing, 
including gross production, and a review of the 
important species, processes and methods used. 
The most important individual fisheries are 
reviewed along the same lines-historically first, 
followed by notes on current trends and produc­
tion. Unfortunately the headings do not quite 
keep pace with the text, and some important 
sections are not indicated by headings. 

Some of the statistics are not quite accurate­
for example, it is stated that there are less. than 
20,000 square miles of trawling grounds off the 
Australian Coast, but this includes only Terri­
torial waters, and excludes very large areas off 
the northern and western coasts. These are 
available to Australian fishermen as much as the 
North Sea is available to British boats. How­
ever, any brief exposition in simple style is likely 

to lose a little in accuracy. Most of tl:e catch 
statistics are reliable although in one place Aus­
tralia is supposed to catch 'nearly 100,000,000 
ton' per year ; in another, the record catch 
( 1963-1964) is '89½ million pounds.'. The 
latter is correct. 

Biology is clearly not the author's strong point 
-for example sharks are by no means the only 
fishes without swim bladders ( the flatheads, to 
which a section is devoted, also lack this organ, 
to name one group). However, this booklet is 
not intended as a biology treatise. 

These minor criticisms aside, the book is a 
satisfactory introduction to its subject, packed 
with information and covering all the important 
aspects of a very large field. Max Coward's 
illustrations are rather fuzzy, especially the fish 
-but fish are among the most demanding of 
subjects for any artist. Retail price in Australia 
$1.15. 

L. W. C. FILEWOOD 

(Received June, 1967.) 
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'GRAMOXONE' (PARAQUAT) 
HEUICIDE 

ten reasons why you should 
use 'Gramoxone'® (Paraquat) 

to kill weeds and grass in your 
coffee plantation: 

1. It kills all green growth 
with which it comes in 
contact. 

2. It is cheaper than trad i­
tional manual methods of 
weed control. 

3. It does not damage 
mature coffee trees if 
applied to weeds around 
trunk base. (Young and 
seed I ing trees must be pro­
tected.) 

4. It is rapidly absorbed 
by weed foliage and its 
effects can be seen within 
a few hours. 

5. It can be applied in 
almost any weather, being 
unaffected by drought con-

ditions or rain falling 
shortly after spraying. 

6. It is inactivated on 
contact with the soil and 
cannot be taken up by 
plant roots. 

7. It is NON VOLATILE 
and is free of the risks 
attached to hormone weed­
ki llers. 

8. It has no long term 
phytotoxic effects as there 
1s no risk of harmful 
residues building up in 
the soil. 

9. It is easily mixed with 
water and is active at low 
concentrates. 

10. There is no danger to 
operators from di I uted 
'Gramoxone' (Paraquat) and 
no special protective cloth­
ing is required for spraying. 

Get 'Gramoxone' (Paraquat) 
from all branches of: 
BURNS PHILP (N.G.) LTD. 
STEAMSHIPS TRADING 
CO. LTD. 
COLYER WATSON (N.G.) LTD. 
ISLAND PRODUCTS LTD. 
NEW GUINEA CO. LTD. 

Enquiries to: ®c I Mr. C. cannon, 
Mana2er, 
ICIANZ Ltd., 
P.O. Box 137, Lae. 

•R•&istered Trade Mark of Plant Protection Limited, England. 



recognize any of these pests? 
Coconut, cacao, coffee and rubber plantations have 
scores of insect problems that eat into profits, 
Soil Pests which attack vegetables, fungus diseases, 
and weeds, weeds, weeds! The solution to a lot of 
your problems lies with Shell Chemicals who can 
provide you with adequate information on Weed­
killers, Fungicides, Insecticides, Soil Fumigants, 
Fertilizers, Grafting mastics and Spraying Oils. 

Agricultural Problems? Information on all Shell 
Chemical products can be obtained by writing to:-

SHELL CHEMICALS ■ 
Shell Chemical (Aust.) Pty. Ltd. 

P.O. Box 169 Port Moresby, New Guinea. 

( Affiliate of The Shell Company of Australia Limited 
and Registered User of its Trade Mark.a) NGJ 



STOP TERMITES 
and timber borer too with 

dieldrin concentrate (15%) 
Termites have a taste for timber and their ability to live on it is 
unique among insects. If you let them set tooth on your buildings 
you'll soon be faced with expensive repairs. "Dieldrin" is being 
used throughout the world today to stop both termites and timber 
borers by big pest control operators and it has proved its long 
lasting effectiveness on both new and old dwellings. Just add water 
to dieldrin and apply to the soil around foundations. An 
impregnable barrier will remain for years. For timber borer 
"dieldrin" is applied with kerosine, by brush or spraying. Ring 
Shell Chemical or write for an illustrated folder on termite control 
with dieldrin. scsa3s/ 24R 

SHELL 
CHEMICAL 

!AUSTRALIA! PTY. LTD. (Inc. in Victoria) 
Melbourne • Sydney • Brisbane • Adelaide • Perth • Hobart 
An Affiliate of the Shell Co. of Aust. and registered user of its tra~e marks. 



FOR 
IMPROVED 
COPRA 
PRODUCTION 

Coconut Palms adequately supplied with 
Nitrogen and Potash develop dark green 
glossy fronds; regular spathe formation 
is assured and the dropping of button 
nuts is at a minimum. In RUSTICA 
16-0-28 the most desirable balance of 
Nitrogen and Potash has been achieved. 
The use of RU STI CA 16-0-28 is highly 
recommended if maximum copra pro­
duction is to be obtained. RU STI CA 
fertilisers are climate-proof packed, 
easily stored and spread, and their 
highly concentrated nutrients reduce 
costs in transport and storage. 

RUSTICA MEANS MORE PROFIT 
For supplies of fertilisers manufactured by RUHR-STICKSTOFF AG, Bochum, West Germany, and for 
information, write to: 

Theo Thomas & Co. Pty. Ltd. 
P.O. Box 536 
RABAUL 

Luburua Ltd. 
P. 0. Box 6 
KAVIENG 

Collins & Leahy & Co. Pty. Ltd. 
P.O. Box57 -
GOROKA 



. Coffeeand 
tea planters. 

Lift profitable 
~roduction with 
the full range 
of Shell fertilizers 

Whatever your fertilizer problem, you can be 
sure that Shell has the most effective, economical 
answer. What's more, Shell can meet all your require­
ments immediately from their large stocks at Lae. 

Shell has a world-wide contact with every 
kind of tropical and temperate agriculture and their 
experienced field staff will be happy to advise you 
on the best use of fertilizers on your plantation. 

So if you produce coffee, tea, cocoa, rubber, 
vegetables, or coconuts , contact Shell now about a 
profitable fertilizer programme to meet your needs. 

Shell Company 
(Pacific Islands) Ltd. 

SPI 101 



TROPICAL INOCULANTS 
for effective legume nodulotion 

Inoculants available for all types of legumes 

Also available 

Lime and Gun1 Arahi~ 
for lime pelleting 

SEED of tropical legumes also available. 

FLOAT-0-MATIC 

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

11COSMIC11 

STOCK WATERER 

Self filling, means constant clean 
water, with no flooding, no sharp 
protruding edges, non-corrosive 
alloy. High or low pressure, con­
nect water from either side . Drain 
plug for easy cleaning . More depth . 

. : . ...• r-• ••• •··._ ---

. :,., .. .... ~§G.--_;:::-- . 

ELECTRIC FENCERS 
"Cosmic" (i I lust.) 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 vaccines and veterinary instruments, 
stainless steel and brass nipples, brands, etc. 

MILKWARE RURAL DISTRIBUTORS 
BRIDGE ST., VALLEY, BRISBANE. 4006. Ph. 51 5585. 



STOP TERMITES 
and timber borer too with 

dieldrin concentrate (15%) 
Termites have a taste for timber and their ability to live on it is 
unique among insects. If you let them set tooth on your buildings 
you'll soon be faced with expensive repairs. "Dieldrin" is being 
used throughout the world today to stop both termites and timber 
borers by big pest control operators and it has proved its long 
lasting effectiveness on both new and old dwellings. Just add water 
to dieldrin and apply to the soil around foundations . An 
impregnable barrier will remain for years. For timber horer 
"dieldrin" is applied with kerosine, by brush or spraying. Ring 
Shell Chemical or write for an illustrated folder on termite control 

with dieldrin. scss3s/2"R 

SHELL 
CHEMICAL 

(AUSTRALIA) PTY. LTD. (Inc. in Victoria! 
Melbourne • Sydney • Brisbane • Adelaide • Perth • Hobart 
An Affiliate of the Shell Co. of Aust. and registered user of its trade marks. 


