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EFFECT OF SPACING ON BANANA YIELD IN FIJI

by

J. B. D. ROBINSON* and J. M. SINGH

Research Division, Department of Agriculture, Fiji

SUMMARY

Increasing the population of banana stools per hectare from
815 to 2445 increased the total and the export quality yields over a
period of 34 months. The mean bunch weights were generally reduced
at the closer spacings but the proportion of export quality crop was

not.

The current spacing recommendation for bananas in Fiji of

3.35 x 1.83m (1630 stools/ha) yielded at an intermediate level.

INTRODUCTION

Banana spacing throughout the world
is very variable. Simmonds (1) quotes a
general range of 370-4942 stool/ha giving
28-2sq m/stool, with medium spacings of
5.6-11.1 sq m per stool as being most
general. The present recommendation in
Fiji is 3.35 x 1.83m (11 x 6ft) giving 1631
stools/ha (660 stools/ac.).

Some of the factors which influence
the selection of a particular spacing are
the type of clone whether large or small,
crop economics, large fruit size versus
total weight of fruit and seasonal produc-
tion, the system of pruning, whether one
or two bearing stems per stool, soil ferti-
lity level, using wider spacings on poorer
soils, management requirements with
regard to layout, intercropping, spraying,
the probability of wind damage and topo-
graphy.

METHODS

Four spacings by three fertilizer
treatments were combined factorially and
there were two absolute replications. The
trial was sited on an alluvial soil, on Wai-
dradra Research Sttaion. Bunchy-top
virus free, uniformly sized suckers (Vie-

— mama cv.) were planted in January 1970.

The spacing treatments were:
3.35x3.66m (11x12ft) giving 815 st/ha (330 st/ac).

3.35x1 83m (11x6ft) giving 1630 st/ha 660 st/ac).
3.35x1.22m (11x4ft) giving 245 st/ha (990 st/ac).

Uow

3.35x1.22m Plant crop, thinned for the first ratoon
.35x2.44m (11x8ft) giving 1223 st/ha (495 st/ac).

to

The net plot size was 10.2 x 11.0m
(33 x 36ft) giving 9, 18, 27 and 27 thinned
to 13 in the ratoon crop, recorded stools
per treatment respectively.

The fertilizer treatments were:

F1 N56 PO K168 Kg/ha (50 : 0: 150Ib/ac)
F2 NI12 P56 K336 Kg/ha (100: 50 : 3001b/ac)
F3 NI168 P84 K504 Kg/ha (150: 75: 4501b/ac)
applied in the form of urea (45%N),

superphosphate (20% P:0:) and sulphate
of potash (50% K-:0).

Basic culture operations were the
same for the whole trial, i.e. regular leaf
(disease control) spraying, regular month-
ly desuckering, de-leafing, weeding, bun-
chy-top virus rogueing and scab moth
control.

The number of suckers produced by
each stool was recorded since spacing
appeared to influence this. Crop was
recorded as total weight of the bunch and
the weight of the export quality portion
of each bunch i.e. fingers measuring 14cm
(5.5in) or greater in length. The data
were analysed statistically for total crop
yield, export quality yield, mean bunch
weight, proportion of export quality crop,
proportion of ratoon to total crop and
sucker production in the plant crop phase.

RESULTS

The plant and the greater proportion
of the first ratoon crops were harvested

*Present address, Research Station, Long Ashton, Bristol.



TABLE 1

EFFECTS OF SPACING ON ACTUAL TOTAL YIELD EXPORT QUALITY
YIELD AND BUNCH WEIGHT OF PLANT AND FIRST RATOON CROP
BANANAS

SPACING TREATMENT

YIELD FACTOR A B C D S.E.D. C.V.
(%)

PLANT CROP
Total Yield (mt/ha) 21.4 29.4 40.3 34.7 3.01 16.6
Mean Bunch Weight (kg) 26.2 22.1 21.8 21.3 1.08 8.2
Export Quality Yield (mt/ha) 13.4 20.1 25.0 20.3 2.16 19.0
Mean Bunch Weight (kg) 16.3 14.2 13.4 12.5 1.10 13.6
Proportion of Export Crop (%) 62 69 62 59 2.2 6.3
Proportion of Stools Harvested*  (¢p) 100 82 76 677 = =
RATOON CROP
Total Yield (mt/ha) 26.4 35.1 43.1 30.5 1.94 10.0
Mean Bunch Weight (kg) 32.4 26.4 23.3 26.8 1.41 9.0
Export Quality Yield (mt/ha) 16.3 25.6 30.9 22.4 2.26 16.4
Mean Bunch Weight (kg) 20.0 19.5 16.7 19.7 2.20 20.3
Proportion of Export Crop (@) 61 73 72 74 5.7 14.1
Proportion of Stools Harvested*  (9%) 100 82 75 927 e =
PLANT & RATOON CROP
Total Yield (mt/ha) 47.8 64.5 83.4 65.1 457 12.1
Mean Bunch Weight (kg) 58.7 48.5 45.0 48.1 2.00 6.9
Export Quality Yield (mt/ha) 29.6 45.8 55.9 42.8 3.75 14.9
Mean Bunch Weight (kg) 36.3 33.7 30.1 32.3 2.99 15.7
Proportion Ratoon of Total crop (%) 55 55 52 47 1.7 5.7
Note * = Based on mean of 6 plots. 7 = Population halved by thinning for Ratoon crop.

Factor for conversion of export yield as mt/ha to 56lb cases/ac = X 15.92



before hurricane Bebe destroyed the trial
in late October 1972, 34 months after
planting.

Fertilizer:

The only statistically  significant
effect recorded for the fertilizer treat-
ments at all was an increase in the total
yield of the first ratoon Ccrop. There were
no other simple effects, no significant
interactions with spacing in terms of yield
and no effect of fertilizer on sucker pro-
duction in the plant crop.

The mean total ratoon crop yields
for fertilizer treatments were:
mt/ha
F1 32.6
F2 31.8
F3 36.9
S.E.D. + 1.68

This response to the high F3 fertilizer
treatment was not found in the export
quality crop nor was there any significant

effect on the proportion of export quality
fruit.

No further reference will be made
here to the fertilizer treatments (2) since
they had so little significant effect on
crop performance.

Spacing:

The effects of spacing on crop yield
are summarised in Table 1.

Treatment B is currently the standard
recommended spacing in Fiji. Significant
spacing differences were found for total
and export quality vields of both crops
individually and for the combined data,
Spacing  treatments also significantly
effected the mean bunch weights of the
total and export quality plant crop and
the total bunch weight only of the ratoon
crop. The proportion of the total plant
and ratoon crops that were of export
quality were also influenced significantly
by the spacing treatments.

The actual yields obtained with the
spacing treatments that are shown in
Table 1 may be compared with the theo-
retical yields obtained from the mean
bunch weights assuming one hundred per

3

cent cropping at one bunch stool.
latter values are shown in Table 2

There was an apparent effect of spac-
ing upon sucker production in the plant
€rop which is summarised below:

Spacing Treatments—
A B C

The

D S.ED. Cv.
Suckers

per
hectare- 21,310
Suckers

per

Banana

Stool- 26 19 14 20 —_ —

Since treatments C and D were iden-

tical in the plant crop little significance
can be placed upon these figures.

DISCUSSION

The recorded total vield of bananas
increased significantly from 815 through
1630 to 2445 stools/ha (treatment A B
and C) in the plant crop, the first ratoon
crop and the total crop, over the 34
month experimental period. This, des-
pite a decrease in the number of fruiting
Stools as the plant population increased.
There is an anomally in that treatment
D is the same spacing as treatment C in
the plant crop but it produced a signific-
antly lower yield, and one which did not
differ from treatment B. A possible ex-
planation for this may be the smaller num-
ber of fruit bearing stools (Table 1) and
the significantly greater number of suckers
produced in this treatment. The theore-
tical yields for treatments C and D (Table
2) do not differ very much and the mean
weight of the banana bunch is virtually
identical (Table 1).

TABLE 2
THEORETICAL BANANA YIELDS FOR
SPACING TREATMENTS

25,446 25,803 32,220 3,000 198

S

YIELD FACTOR .,ZACINIE TRE?:TMENE
Total Yield Plant Crop 21.4 36.0 53.2 520
(mt/ha) Ist Ratoon 26.4 431 56.9 328
Total 47.8 79.1 110.1 84.8

Export Yield Plant Crop 13.4 232 32.8 30.7
(mt/ha) 1st Ratoon 16.3 31.8 40.9 242
Total 29.7 55.0 73.7 54.9




It was determined that the spacing
relationship with total yield was princip-
ally composed of significant linear and
quadratic components.

Reducing the population of treatment
D (from 2445 to 1223 stools/ha) for the
first ratoon crop reduced the total yield
to a level intermediate between 815 and
1630 stools/ha (treatments A and B Table

1).

If the total yield of bananas from the
standard spacing B (1630 stools/ha) is
taken as 100 per cent, treatments A and
C (815 and 2445 stools/ha) yield 73 and
137 per cent and 75 and 123 per cent plant
and ratoon crops respectively.

The total weight of the export quality
banana crop increased significantly in both
the plant and ratoon crops from a popu-
lation of 815 through 1630 to 2445 stools/
ha (treatments A, B and C), despite sig-
nificant differences in the proportion of
the total crop yield that made export
grade and the proportion of the stools
that were harvested. Treatment D yielded
at a level similar to treatment B in the
first ratoon crop which is the present
standard spacing.

The comparable percentage yield
figures for export quality bananas (treat-
ments A and C) taking the standard
spacing treatment B yield as 100 per cent
are 67 and 124 per cent and 64 and 121
per cent for the plant and ratoon crops
respectively.

The mean banana bunch weight, both
total and export quality, was highest at
the widest spacing (treatment A) but did
not differ between the standard and the
closer plant spacings (treatments B, C
and D). This difference was observed in
the plant crop and for the total but not
for the export quality mean bunch weight
in the first ratoon crop. The aggregate
analysis for the two crops (Table 1) con-
firms this.

The proportion of the total crop over
34 months that was harvested as ratoon
crop from spacing treatments A, B and C
did not differ significantly.

It is of practical interest to determine
whether there is appreciably more export
reject quality crop for local disposal at the
different spacings. Considering treat-
ments A, B and C in Table 1, subtracting
the export quality crop yields from total
crop yields, shows that at spacings A and
B there is very little difference between
them in the quantity of this grade of fruit
whereas at spacing C there is considerably
more of this fruit grade; for the ratoon
crop the difference between A or B and C
is not nearly so marked. Actual differ-
ence values, giving export reject quality
bananas are:

Spacing treatments — A B C D
Plant Crop (mt/ha) — 8.0 9.3 1583 14.4
Ratcon Crop (mt/ha) — 10.1 9.5 122 8.1
Both Crops (mt/ha) — 18.1 18.8 275 225

There are several practical points to
be considered in any comparison between
the closest spacing of 3.35 x 1.22m and
the widest spacing 3.35 x 3.66m. At the
widest spacing the stems grew faster and
taller and suffered less from leaf diseases;
the crop was easier to harvest, to spray
for leaf disease control and required less
planting material per unit area. But the
lack of canopy necessitated very frequent
weeding. At the closest spacing the re-
verse of all these was true; the stools
appeared to be crowded, uneven and late
emerging stems suffered from competition
(for light). The standard spacing (3.35 x
1.83m) was intermediate between these
two extremes.

It appears that in the plant crop
period more suckers per stool may be pro-
duced at the widest spacing but that more
suckers are produced per unit area at the
closest spacing (mean of treatments C
and D compared with A or B); the evi-
dence for this is by no means conclusive.

Harvesting of the plant crop was com-
pleted one month earlier at the widest
spacing than it was at the closest spacing
(16.11.71 vs. 30.12.71). For the first ra-
toon crop the time difference to comple-
tion between these same spacing treat-
ments had extended to two months
(4.11.72 vs. 9.9.72) and was even then
not quite complete at the closest spacing.



The number of bunches harvested from
the overlapping second ratoon crop was
similar for all treatments at 3.11.72 and
hence proportionately smaller in the
denser spacings. There does not seem to
be a great difference in the time of crop
maturity at different spacings in this trial.

CONCLUSIONS

Decreasing the banana stool density
below the presently recommended spacing
of 3.35 x 1.83m (1630 stools/ha or 660
stools/ac) has reduced the total and the
export quality yield of bananas in the
plant and first ratoon crops by for the
plant crop, 27&33 and, for the ratoon crop,
125&36 per cent respectively.

Increasing the banana stool density
above the presently recommended spacing
has increased the total and the export
quality yield of bananas in both the plant
and the first ratoon crops by for the plant
crop +37 & +24 and for the ratoon crop
- 723 & +21 per cent respectively.

Decreasing the banana stool density
below the presently recommended spacing
gives a heavier total and export quality
bunch weight but only increases the total
bunch weight in the first ratoon crop.
Increasing the banana stool density above
the standard spacing has not affected
bunch weights significantly i.e. they have
not in general been reduced.

The proportion of fruiting stools ap-
parently decreases as the planting density
increases.

5

In terms of the maximum possible
total or export quality banana yields per
unit area the closest spacing in this trial
appears advantageous. There is little to
be said for the fourth treatment wherein
the dense plant crop spacing was thinned
prior to taking the ratoon crop.

There is a need for more detailed
study of banana spacing under Fiji con-
ditions. Particular attention should be
paid to populations per unit area greater
than the present standard of 1630 stools/
ha where monoculture is practised. How-
ever, on less fertile soils than the one on
which this trial was carried out note
should be made of possible planting den-
sity by fertilizer interaction effects.
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FERTILIZER TRIALS ON YOUNG COCOA

by
A. SINGH, S. SUNDARAM & A. J. VERNON

Research Division, Department of Agriculture, Fiji.

SUMMARY

In manurial trials on young cocoa in Wainibuka and Cakaudrove
neither trunk growth nor yields during the third and fourth year res-
ponded to P or K. This was in accord with relatively high values of
P and K content of soil (72 ppm and 0.40 m.e.% respectively) and
foliage (0.22 and 1.7% d.m. respectively). There were slight, but
statistically significant, responses of both trunk growth and yield to
N, in Cakaudrove Province (where all the trial cocoa was growing
under unfertilized coconuts). This was in accord with the somewhat
marginal average soil and leaf content of N (0.20% and 1.98% d.m.
respectively in Cakaudrove) but the responses varied appreciably and

inexplicably between sites.

INTRODUCTION

According to Urquhart (8) the old
West Indian practice was to manure cocoa
heavily at planting, and at frequent inter-
vals during the early years of growth.
This practice was copied elsewhere, and
recommendations to that effect made in
advisory writings in several countries,
although generally without reference to
supporting experiments. McPaul (4), in
advising Fiji cocoa growers to follow this
practice, stressed that his recommenda-
tions were tentative, pending experimental
verification; but paucity of young bearing
cocoa suitable for extensive fertilizer
trials precluded such research in the
1960s.

Since then the results of a few trials
in West Africa have been published by
Smith and Akrofi (7) and Wessell (11,
12). 1In some of these, fertilizer applied
at planting was deleterious to growth; but
in one of Wessell’s trials (11) monthly
urea applications during the first two
years had a beneficial effect on growth
and stimulated jorquetting, while in an-
other of his trials mulching promoted early
growth and yield (12). Wessell (12)
based his recommendations for the manur-
ing of pre-bearing cocoa in Nigeria on
this very slight evidence. Apparently he
knew of no other relevant published
work: certainly we have traced none.

As more cocoa became available for
trials in Fiji, it was possible to resume
McPaul’s work with the series of extensive
trials now described.

METHODS
Sites

With some difficulty and little choice,
eight plantings of cocoa were found in
Wainibuka Province (Viti Levu) and
eight in Cakaudrove (Vanua Levu) of
sufficient size (about 0.5 ha.), regularity,
uniformity of age (about 16 to 24 months
from field planting), and accessibility to
be used for these trials. All the Waini-
buka plantings were beside the Nasau
feeder road or the nearby section of King’s
Road, and all were under bananas, (a year
or two older than the cocoa) which had
received liberal NPK dressings during
their plant crop. All the Cakaudrove
plantings were under 30-50 year old un-
fertilized coconuts on coastal alluvial soils;
one within 300m of Savusavu Bay and six
within 0.5-1.0 km of Buca Bay.

The spacing of the cocoa was gener-
ally about 2.5-3.0m square i.e. 1,100-1,600
trees/ha. At the Cakaudrove sites, growth
was generally a little more advanced. It
was later realized that this was because
the cocoa at these sites was not pure
Amelonado but partially, at least, Trini-
tario.
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Layout

At each site 27 plots were marked out,
each comprising a ‘square’ of four trees.
These plots were divided into three blocks
to accommodate a conventional 3Nx3Px3K
design, one replicate per site. There
were thus eight replications on Viti Levu
and eight on Vanua Levu.

Treatments

The following total amounts of ferti-
lizer per treatment were applied over the
period October 1970 to April 1973.

Level 0 1 2
g element per plant

N (as urea) 0 140 280

P 0 185 370

K (as K.SO,) 0 140 280

*As single superphosphate to two trees in each
plot and as Lauphosphate (a derivative of local
deposits) to the other two.

The level ‘2’ plots received the same
dressing as the level ‘1’ during the first
year (1970-1971), the P and K as single
dressings, and the N split into two dress-
ings of 70g/plant with a six-month inter-
val. While the level ‘1’ plots received
nothing further, the level ‘2’ plots had
these dressings repeated during 1971-1972.

Field Operations

During Sept. — Oct. 1970 the Waini-
buka sites were selected, plots marked,
fertilizer applied, stem diameters recorded,
and soil samples taken. This was repeated
in Cakaudrove during November-Decem-
ber. The second urea application was in
April 1971, at both sites. The level ‘2’
dressings were made at about the same
times during the the second year, and in
October-December 1972 the final stem
measurements made. Leaf samples for
chemical analysis were collected from
Wainibuka in December 1971 and from
Cakaudrove in February 1972. Second
and third fully green leaves from the latest
flush were taken from all sides of one
tree in each plot, the method recommended
by Loue (3) and used also by Wessell
(12).

Somewhat unexpectedly an appreci-
able yield appeared at several of the
Cakaudrove sites during the first year. It

seems that, contrary to recommendations,
the cocoa at these sites was not pure
Amelonado, but part-Trinitario, which is
quicker into bearing. Yield was recorded
by pod counting at 11 week intervals.
Counts included all the fruit that had
passed the cherelle wilt stage. As a pod
passes from this stage to fully ripe (hence,
presumably, picked) in about 11 weeks, in
the course of a year a good estimate of
the yield of each plot is obtained.

It had been intended to continue the
yield observations for another two years:
but the general lack of response to any
fertilizer (see ‘Results’) discouraged this,
and the damage caused by hurricane Bebe
ruled it out in Wainibuka. In Cakaudrove,
recording was continued at four sites
where there had been a response to N;
but irregularities caused by hurricane
Juliet in April 1973, and growing irregu-
larity caused by severe canker attack to
many trees at the part Trinitario sites, led
to the termination of all recording later
in 1973. The results presented are those
to the end of the second year.

Laboratory Work

The soil pH was determined in 2:5
soil: water suspension after equilibrating
for one hour. Total N was determined by
semi-micro Kjeldahl method and the org-
anic carbon according to Walkley and
Black (10). Available P was extracted
with 0.05N sulphuric acid and exchange-
able cations, Ca, Mg, and K with 2.5%
acetic acid.

Leaf samples were first digested with
concentrated nitric acid, evaporated to
dryness, and then dry-ashed in a muffle
furnace at 400 °C for P and K determina-
tions. For further details of methods see

(8).
RESULTS

Statistical analysis

From each stem diameter or girth
measurement the stem cross-section area
was calculated (assuming this to be cir-
cular) and plot averages of these cross-
section areas calculated for the start of
the trial, the end of the first year and the
end of the second year.

~
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TABLE: 1 EFECT OF NITROGEN AT CAKAUDROVE

UREA APPLICATION MEAN STEM
CROSS-SECTION AREA
cMm?
None 63.2
- 2 times 66.4
4 times 69.5
S.E. * 1.3

MEAN LOGARITHMIC MEAN ACTUAL YIELD

TRANSFORM OF YIELD PODS/TREE KG/HA*
PLOT
1.74 18.8 940
1.77 19.2 960
1.85 21.6 1080
*=0.033

*Approx, calculated assuming 42 gm/pod, 1200 trees/ha.

' Yields of cocoa just coming into bear-
ing are notoriously non-normal. In an
area where most trees have no yield, and
a few bear 1-4 pods, a very few may bear
5-15 pods. No analysis therefore was
made of the yields at those sites (four at
Wainibuka) with a mean yield of less
than 15 pods per plot. For the other sites,
the yields were analysed* in logarithmic-
ally transformed form, as has been recom-
mended for such data (1). Analyses
were by co-variance, using initial stem
measurement as the calibratory factor.
The analyses of the stem measurements,
and some yields, to the end of the first
year have been presented elsewhere (9).
The only noteworthy point was a sugges-
tion of response to N. The results of the
analyses of the stem areas at the end of
the second year, and the second year
yields were as follows.

The Wainibuka series of trials

Neither the stem-area nor yield an-
alyses disclosed any suggestion of any
appreciable, or statistically significant,

. response to any element.

The Cakaudrove series

Again there was no suggestion of res-
ponse to P or K, but to N there were
small but highly significant responses of
both stem area and yield over all sites
(Table 1). Actual yield per tree is shown
in Table 1 as being more readily intelligi-

able than the log-transformed yield; but
the statistical analysis of the latter is more
reliable, hence the SE is shown for that
and not for actual yield.

Correlation of response with soil and foliar
analysis

Table 2a shows the results of the soil
analyses compared with the values that
Hardy (2) has said are indicative of high,
medium and low fertility soils. Table 2b
shows those of the foliar analyses, com-
pared with the ‘critical values’ that Loue
(3) and Murray (5) say to be the thres-
hold of deficiency. The results of foliar
analysis are presented summarized in three
alternative ways to display, in particular,
the N content of trees receiving no N ferti-
lizer, the P content of trees receiving no
P, and similarly for K.

The P content of both soil and foliage
was well above critical at every site, in
accord with the lack of response to P.
The very high P values at Wainibuka were
presumably due to the residual effect of
fertilizer applied to the bananas.

K content of soil, and of foliage also
according to Loue (3) was also generally
well above critical, again in good accord
with the lack of response. Murray (5),
however, gives a wide range of criticality
for foliar K. Presumably the higher end
of this range is more applicable to bearing
cocoa, which has a higher demand for K.
If so, it may be that responses to K on

*By electronic computer, thanks to Rothamsted Experimental Station, England.
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TABLE :

2 CHEMICAL CONTENT OF SOIL AND LEAVES

Compared with values said to be normal or critical by various authorities.

(a) SOIL CONTENT

pH N C/N P K Ca Mg
% ratio ppm m.e.% meg mep
Trial site Wainibuka 5.1 0.23 12.0 90 0.30 10.0 7.0
analyses Cakaudrove 6.5 0.20 11.0 54 0.50 11.0 7.0
Normal values high fertility 7.5 0.35 11.5 50 0.45 17.0 3.6
according to medium 6.5 0.20 =~ 9.5 25 0.30 8.6 1.8
Hardy (2) low ” 5.0 0.05 7.5 10 0.17 3.0 0.6
(b) LEAF CONTENT
N as 9% d.m. P as 9 d.m. K as 9% d.m.
Treatments:— N: 0 1 2 P: 0 1 2 K: 0 1 2
Trial Wainibuka 1.84 1.86 1.91 0.24 0.24 0.24 1.70 1.74 1.75
Cakaudrove 1.98 1.98 1.99 0.20 0.21 0.21 1.71 1.74 1.88
Critical va.lues
according to: Loue 1.8 — 2.0 0.10 — 0.13 1.0 — 1.2
Murray 1.8 — 2.0 0.13 — 0.20 1.2 — 2.0

these soils will be found later in the life
of the cocoa. Application of K increased
the K content of the leaves appreciably.

As to N, Table 2 shows a situation
that, on average of all sites ,is somewhat
marginal with soil N only a little above
‘medium’ and foliar N (in the absence of
N application) in the critical range. This
is in accord with the overall significant
response to N. But in detail the situation
is confusing, At Wainibuka the response
to N was less than at Cakaudrove, al-
though the soil and foliar analyses sug-
gest that the need for N at Wainibuka was
greater; and between sites, in provinces,
there was no correlation whatsoever be-
tween response to N and foliar content of
the No plots.

DISCUSSION
Responses

It seems quite clear that on these
geologically ‘recent’ soils of coastal and
river-bank flats the application of P and
K to cocoa, during the establishment years
is entirely without benefit. Under some
circumstances there is a good response to

N; but no definition of these circumstances
is evident. Foliar analysis does not seem
to help.

It is well known that the less the
shade the greater the need for N manuring
of cocoa; and the lack of response to N at
Wainibuka, despite marginal soil and foliar
N status, might be because several of these
sites were more heavily shaded (by large
trees) than any other Cakaudrove sites.
But this would not explain the variation
between sites in Cakaudrove. Very care-
ful inspection of these sites, with this fac-
tor in mind, disclosed no suggestion that
the sites of least response to N were the
more heavily shaded.

Economics

At the time the trials were in pro-
gress the cost to the farmer (the subsid-
ized price) of the high rate of N would
have been about $50/ha and the value of
the average response of the four most
responsive sites was about $73/ha. Since
then the cost of urea, and the world mar-
ket price of cocoa, have both risen dra-
matically; but the latter is unstable and

ey



it seems that in future the immediate yield
response is unlikely to pay the full cost
of the fertilizer.

But the immediate yield response is
only part, perhaps only a small part, of
the benefit. Stem area is merely a con-
veinient measurement of tree size. A
corollary of increased stem area will be
increase in branch-spread and total leaf
area, hence speed of canopy closure, and
reduction in weeding costs. Also the yield
response, although diminishing in time,
may be appreciable for some years. Thus
it is possible that even at a urea price of
$400 per ton the response may be econo-
. mic at those sites where N is most needed.

General

Much of the interest of the trial
results lies in the average yields per site.
These show clearly the greater speed into
bearing of Trinitario cocoa; but the defect
of this Trinitario was also clearly appar-
ent. By the end of the trial, many trees
at the hitherto higher-yielding sites at
Nawi were dying of canker, and others
producing little but black pods. By this
time many of the Amelonado sites had
come into good bearing, giving over 20
pods/tree (equivalent to about 1,000 kg/
ha) in the fourth year: an excellent yield
by world standards.

CONCLUSIONS

Strictly speaking these results apply
only to the cocoa growing under condi-
tions similar to those at the trial sites; but
as much current cocoa planting is on
somewhat similar alluvial soils, and taking
into account the current high price of ferti-
lizer, and the lack of any evidence to sup-
port the previous recommendations, these
are rescinded. Pending further trials P and
K fertilizer should not be applied to young
cocoa in Fiji, and N only to correct known
deficiencies.
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DRY-LAND RICE FIELD EXPERIMENTS, 1969—1972

by
V. K. MURALIDHARAN, N. P. PATEL AND N. REDDY

Research Division, Department of Agriculture, Fiji

SUMMARY

Variety trials at Koronivia, Dobuilevu, and Sigatoka Research
Stations during 1969-1972 confirmed that IR5 is over 25% higher yielding
than the previous standard dry-land variety, BG79(75). The more
recently introduced C4-63 appeared to have a 23% higher yield than
IR5 and was also preferable in being quicker maturing. Renamed
‘Sautw’ for use in Fiji it is now being multiplied and distributed to
tarmers. Mahsuri appeared lower yielding than IR5 but 20% higher
than BG79(75) and is recommended for use if a traditionally tall
variety is preferred. Of the quicker maturing varieties, more suited
to catch cropping between sugar cane crops, no recent introduction
convincingly out yielded the traditional Saraya 3 Month and Matmuria
varieties.

Manuring trials confirmed that there is generally an economic
response to 56 Kg N/ha, but showed no extra response to a double-rate
of application. Early application (3-4 weeks after sowing) gave better
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results than application at the panicle initiation stage.

INTRODUCTION

This paper continues to 1972 the
reviews of dry-land rice variety, weed
control, and manurial trials which were
taken to 1968, 1969, and 1969 respectively
in an earlier series of papers 2,7,9.

The position in 1968-69 as regards
varieties was that the short photo-insensi-
tive IR5 became recommended despite its
rather poor grain quality and its need for
closer spacing, fertilizer, and chemical
weed control. Its higher yield when under
good management offset these defects but
overall the gain was a slight. For catch
cropping in rotation with sugar cane,
where a quick maturing variety was need-
ed, Saraya 3 M was recommended (2).
The study of cultural practices had been
conducted mainly at Koronivia, and was
applicable only ‘to longer term varieties,
not to the catch cropping in sugar cane
type of rice cultivation. The best results
had been achieved with IR5 drilled at
23cm, or broadcast, with post — emerg-
ence application of propanil to control
weeds (8).

Top dressing with 50-60 Kg N/ha
generally gave a 360 Kg/ha increase in
yield. On alluvial soils there was gener-
ally no response to P, but on red hill
soils, there was generally a substantial
response, particularly in the presence of
N (8).

This paper brings together and re-
views the results of the trials that continu-
ed these lines of study during 1969-1972.
Detailed results have already been given
in the Research Division Annual Reports
for 1969 (5, 10) 1970 (1, 6), 1971 3,
and 1972 (4, 9). The date given for any
trial, is that of the year of harvest: e.g.
a trial said to be of ‘1969’ may have been
planted in December 1968 or January
1969. All yields are of dry paddy.

METHODS
Seasons and sites

All the trials now described were
main season (i.e. November-May) and
were sited at either Koronivia, Sigatoka,
or Dobuilevu Research Stations, always
on well drained soils.
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Varietal study methods

The varieties tested are listed in
Appendix 1. All the variety trials were
of randomised block design usually with
three replications. They were sown with
a tractor-mounted seed drill at 23 cm
spacing between rows except one trial at
Sigatoka which was drilled at 46 cm
spacing.

The seed rate was 90 Kg/ha for all
varieties except Blue Belle and Belle Patna
which were sown at 135 Kg/ha. Weeds
were controlled by propanil, applied at the
rate of 3.4 Kg ai/ha when weeds were at
the 2-3 leaf stage. When this failed to
give good control, trials were also hand-
weeded. Urea was top-dressed, usually
at 56 Kg/ha in splitdose, half at 3-4 weeks
after sowing and the rest at panicle ini-
tiation stage.

Plot size depended on the area of the
field, the seed available and the number of
varieties in a trial. Net plot size in most
of the variety trials at Sigatoka ranged
from 8 to 42 m*, at Dobuilevu it was 10.5
m* in all trials and at Koronivia 31.5 m®
for 1969-71 trials and 6.25 m® for 1972

trials.
Fertilizer trials

These were all of a factorial type some
with N-P-K as the factors, and some with
rates of N and time of application. Ran-
domized block designs with three or four
full replications were always used. Sow-
ing methods, seed rate, weed control and
manuring were generally the same as for
variety trials except when any one of these
factors was itself the subject of the ex-
periment. Net plot size was in the range
of 30-40 m",

TABLE — 1

Details of Dry-land Rice Variety Trials 1968-72

Main Season Dobuilevu Sigatoka Koronivia Remarks
1968* One trial. (Set-A, 18 —_ — e
Varieties)
1969 One trial. (Set-A, 23 |One trial. (Set-A, 23 One trial (Set-B, 24 | One dropped and six new
bRt Varicifes) Varieties) [ added to Set A.
1970 One trial. (Set-A, 23 |One trial. (Set-A, 18 One trial (Set-B, 24 | At Sigatoka five drop-
dod Vigsisties) Varieties) | ped. At Koronivia six
gave very poor germina-
tion.
1971 One trial (Set-C, 15 | Two trial one each at

11 Varieties)

Varieties) | 23 & 46cm spacing (Se

One trial (Set-B, 24 | At Dobuilevu seven new

Varieties) | and eight from Set-A, at
Sigatoka seven new and
four from Set-A.

1972 One trial (Set-D, 30 |One trial (Set-D, 30 One trial (Set-E, 19 | At Sigatoka 12 gave

Varieties)

1972 One trial (Set-F, 18 —
Varieties)

Varieties)

Varieties) | poor stand.

At Sigatoka six failed to
germination.

*Results from 1968 trials presented in (2). Dobuilevu trial results
presented here also since same varieties were included in fertiliser trials.

-
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Precision

Under favourable experimental con-
ditions, with no disruptions, losses from
pests, unseasonable weather, etc, the
co-efficient of variation (CV) tended to
depend on plot — size, varying from 6-
15% for trials with relatively large plots
(25-42 m") but from 16-209% for those
with smaller (6.5-10.5 m®) plots. Disrup-
tions such as those mentioned above put
the CV into the 25-35% range regardless
of plot-size.

In the more accurate, large plot trials
the standard error (SE) of treatment
means was satisfactory 4 to 5%. Similar
or a little lower, treatment mean SEs
could be obtained using smaller plots des-
pite their higher CVs, if the same overall
are were used and the number of replica-
tions increased correspondingly. But
when land shortage imposed the use of
small plots with only three replications,
the treatment mean SE generally rose tc
about * 119, and occasionally much
higher.

But combined analysis of series of
trials showed that in general the treat-
ments x trials variance significantly ex-
ceeded pooled within-trials-error variance.
This shows that, although the within-trials-
error was sometimes unsatisfactory, no
great gain in overall certainty would result
from reducing within-trials-error. The
SEs of the mean results of series of trials
presented in this paper are those derived
from treatment x trials variance i.e. they
give a measure of the uncertainty due to
the fact that there is a real variation in,
e.g., the relative merit of two varieties,
from trial to trial.

VARIETY TRIAL

Varieties tested

Appendix 1 lists all the varieties in-
cluded in these trials, grouped according
to duration (short or medium) and sub-
grouped according to whether they have
been (a) long grown in Fiji (b) recently
introduced, included in trials during 1965-
1968 (c) more recently introduced, first
trial in 1969 or later. As compared with
the pre-1969 trials, reviewed by Murali-
dharan, (2) fewer class (a) varieties
were still being included in these recent
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trials: only four early maturing and three
medium maturing.

Scheme of trials

Varieties were grouped for conveni-
ence into sets, starting with the 18 varie-
ties of the 1968 Dobuilevu trial as Set A.
With some modification this Set A was
tried at both Dobuilevu and Sigatoka in
1969 and 1970. Meanwhile Set B (24
varieties) was tried at Koronivia in 1969
and 1970; and continued with a trial in
1971; and Sets C, D, E, and F were then
formed for trials at these stations in 1971
and 1972, as shown in Table 1.

Results

As referenced in the ‘Introduction’
the trials results have been given in An-
nual Reports except that by oversight the
result of the Set A trial at Sigatoka in
1970 was omitted from the Report for that
year. This particular result is now given
in Appendix 2, and the overall results of
the Set A trials in Table 2. The results
of the Set B trials were summarized in
Table 4 of (3) in Ib/ac. The mean yields
over the three trials of the ten top yielding
varieties, plus two others of interest (IR8
and IR5) were:

Variety mt/ha Variety mt/ha
C4—63 (Sautu) 3.25 IR 140 — 136 2:22
IR 400 — 5 3.12 IR 277 — 13 2.17
IR 334 — 26 2.58 IR 160 — 25 2.16
IR 160 — 27 2.52 IR 9 2.09
IR 480 — 5 2.38 IR 8 1.93
IR 117 — 41 2.34 IR 5§ 1.72

SE +0.37

There are insufficient trials with other
Sets of varieties to merit combined an-
alysis; but the results of some particular
treatment comparisons occuring in these
other Sets have been averaged with cor-
responding Set A and Set B results to get
the figures given in the following dis-
cussions.

Discussion of medium term varieties

Not all varieties of interest have
occurred together in all trials; but all have
occurred in certain combination in several
trials. The following picture of relative
merits can therefore be constructed.
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TABLE 2

RESULTS OF ‘SET A’ TRIALS

(a) Medium term varieties

These all failed, due to drought at Sigatoka

in 1969.

Mean yield in other four trials, mt/ha.
IR8 4.48
1IR9 3.78
Mahsuri 3.72*
IR5 3.56
Taichung (N) I. 3.56
Palawan 3.10
FK 135 3.00
BG79(75) 2.46
New Guinea 1.68
Sonacalif 1.60
SE. +0.40

*Present in 2 trials only; this figure, constructed
by missing plot analysis, has SE. of +0.56.
Other varieties not present in all trials were

Malinja Arkrose x Blue Bonnet
Peta Milfor 6(2)
The yields of these were generally below
average.

(b) Short term varieties
These gave reasonable vields at Sigatoka in

1969.

Mean yield over five trials, mt/ha.
Bell Patna 1.94
Mutmuria (b) 1.92
Saraya 3 month 1.08

” 4 1.43
SE + 0.21

Other varieties not present in all trials were
Blue Belle and Rani, which tended to yield
below average in those trials where they
occurred.

From the Set A trials (see Table 2)
and from previous results, it is clear that
New Guinea and Sonacalif are appreciably
lower yielding than BG79 (75), which last
can therefore be taken as the standard
established variety for comparison with
more recent introductions.

From a total of 4 trials in which the
varieties BG79(75), IR5 and Mahsuri
occurred together, and 4 trials in which
two of these three occurred, a ‘missing-

plot’ analysis gives the following results

(SED = Standard Error of a difference) .
mt/ha

IR5 3.14

Mahsuri 2.94

BG79(75) 2.48

S.ED. IR5 v. BG79(75) + 0.30
S.E.D. involving Mahsuri + 0.32

In seven trials in which IR5 occurred
together with Taichung (N) I., Palawan,
Azucena and other introduced varieties
were significantly lower yielding, thus:

mt/ha
IR5 3.43
Taichung (N) I 3.00
Palawan 2.37
Azucena 1.85
S.E.D. + 0.26

By contrast C4-63 (Sautu) was higher
vielding than IR5 on average of seven
trials and IR8 and IR9 were also higher
yielding than IR5, on average of four

trials:
mt/ha mt/ha
C4—63 (Sautu) 2.88 IR8 4.48
IR5 2.35 IR9 3.78
3.E, + 0.34 IR5 2.80
S.E. + 0.40

FK 135 has also appeared over several
trials to be about in the same class as IR5
for yield. But of these four varieties that
have appeared as good as, or better than,
IR5 only one, C4-63 is of the long grain
type popular with Fiji consumers.

The ‘error’, based on trial to trial vari-
ation (see ‘Methods’), was such that its
yield superiority over IR5 was not Statis-
tically significant. But the apparent
magnitude of this superiority (23%) con-
sidered in conjunction with its twenty
day earlier maturity than IR5, and superior
grain quality was considered sufficient to
warrant recommendation, multiplication,
and distribution to farmers, as the best
general purpose variety for dry-land rice.
To expedite publicity, it has been given the
Fijian name ‘Sautu’.

All the varieties that have conclu-
sively out yielded BG79 (75) have been of
the newer short-stemmed, photo-insensi-
tive type needing closer spacing and more
attention to weed control than the tradi-
tional varieties. But one tall strawed



variety, Mahsuri, as shown above, gave a
marginally significant 209% increase in
yield, and is also preferable in that it is
only weekly photo-sensitive and thus not
so critical in sowing date as the traditional
varieties. Its grain quality is good. It
has, therefore, been recommended for use
by farmers who prefer to retain traditional
methods.

Of the varieties included only in the
last year or two of the trials under review,
several have out yielded IR5 in the few
comparison to date, but only one (IR400-
5) of rather poor quality has given about
the same yield as Sautu, and none has out
yielded Sautu.

Discussion of short term varieties

The only recently introduced, short
term, varieties that have been tested
against the traditional Saraya, Mutmuria,
etc. types in several trials are Belle Patna
(in 5 trials) and Blue Belle (in 3). As
shown in Table 2 (the trials in question
were all of Set A) Belle Patna appears
only marginally higher yielding then Mut-
muria (b) and Saraya 3 Month and al-
though Blue Belle appeared a little better
again this was quite without statistical
significance.

Several recently introduced varieties
gave excellent yields in the 1972 Koronivia
trial; but the two highest yielding (over
4 mt/ha), named Hamsa and Mudgo, both
have rather poor grain quality.

OTHER TRIALS

A 2N x 2P x 2K factorial trial was
repeated at Sigatoka and Dobuilevu. The
soil in each case was alluvial, and the
variety IR5 in rows 23cm apart. Because
of dry weather mean yields were low:
1.63 and 1.17 mt/ha at Sigatoka and
Dobuilevu respectively. The main effects
of P and K were small on average, incons-
istent between sites, and statistically non-
significant; but N applied at 56 Kg/ha, in
the form of urea, half at 3-4 weeks after
sowing and half at panicle initiation stage
gave the following effects.

Response to N, Kg/ha
+ 560 (*+ 172)
+ 320 (= 90)

Sigatoka

Dobuilevu
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Six trials (two at Koronivia using
IR5, and two at Sigatoka and one at
Dobuilevu with IR5) during 1969-1972
compared three rates of N application
(Nil, 56, and 112 Kg N/ha) the two higher
of which were each applied at three differ-
ent times (early, late, and split) to give
seven treatment combinations which were
fully rendomized in three blocks in each
trial. The Dobuilevu trial failed. The
results of the others are given in Annual
Reports (5, 6, 10). Overall the higher rate
of N gave significantly lower yield than
the lower rate: 3.10 mt/ha as compared
with 3.28 mt/ha, = 0.065 in each case. The
yields at the various times of application
of the lower rate, compared with applying
more are shown in Table 3. Early appli-
cation is significantly better than late,
with split application intermediate.

There were two spacing x variety fac-
torial trials in the period under review.
One in 1970 gave a result somewhat in-
consistent with previous work, in that all
the varieties in the trial, whether dwarf
or tall, yielded best at the close spacing;
but mean yields were low and errors high.
A higher yielding, more reliable trial the
next year gave results, as detailed in (3)
in full conformity with previous results.

They can be summarized as follows:

9” Rows 18" Rows
Yield, mt/ha
Dwarf varieties 2.52 2.00
+0.053
Tall varieties 1.70 1.82

DISCUSSION AND CONCLUSIONS

Applicability of results

Probably about half the dry-land rice
in Fiji is grown as a catch crop between
sugar cane crops, in the dry zone of the
trials described, those at Sigatoka and
Dobuilevu were on the fringe of the cane
growing area but otherwise had little rele-
vance to this category of dry-land rice
cultivation. In particular, very short term
varieties are essential for this catch crop-
ping, and in the variety trials no intro-
duced short term varieties appeared better
all-round (taking quality into account)
than the varieties traditionally used by
cane farmers.
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TABLE 3
RESULTS OF RATES AND TIMES OF N

APPLICATION

Mean yield of five trials mt/ha.
No nitrogen 2.7

56 Kg N’ha applied 3-4 weeks
after sowing 3.49

56 Kg N/ha applied at panicle
initiation stage. 3.08

56 Kg N/ha aplied half yearly,
half late 3.30
SE + 0.11

The trials at Sigatoka and Koronivia,
however, were in conditions well represen-
tative of the second main category of dry-
land rice cultivation recognized by Vernon
(11) ie. summer rice grown on well
drained land by farmers, around Nausori
and in the Sigatoka valley, whose main
cash crop is winter vegetables. No trials
were in conditions of Vernon’s other two
categories i.e. on badly drained soil, un-
suitable for other crops, and-subsistence
cropping in remote areas.

Advances

The fertilizer and spacing trials sub-
stantially did little more than confirm
previous results. The important advance
during the period was the demonstration
of the superiority of C4-63 leading to its
recommendation to farmers under the
name Sautu. There have been few direct
comparisons of Sautu with the best of the
traditional varieties, BG79 (75) but the
25% superiority of IR5 over BG79(75)
in one set of trials together with the
20% superiority of Sautu over IR5 in an-
other set, tentatively suggests that Sautu
may be about 509 higher yielding than
the traditional varieties.

Concluding position

At the end of the period under review
no changes in traditional practice were
being recommended for sugar cane rice
catch cropping except in so far as any of
these farmers found the 130-day maturity
of Sautu acceptable.

Otherwise the growing of Sautuy,
sown during December-January, using
seed treated with Maneb or Difclotan
fungicide was recommended, sowing 90
Kg seed per hectare, either by broadcast-
ing or by drilling at 23cm row spacing,
and applying 28 Kg N/ha 4 weeks after
sowing, and repeating this 7 weeks later.
Propanil, 2, 4-D and MCPA were recom-
mended for weed control, Sevin to con-
trol army worms and leaf rollers, and
malathion to control plant hoppers. De-
tails of these recommendations, including
some slight modifications in case of Mah-
suri, an alternative recommended variety,
was used or given in ‘A package of prac-
tices for dry-land rice’, Farmers Leaflet
No. 84 of the Department of Agriculture,
undated but drafted about the end of the
period under review.
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APPENDIX — 1

List of varieties tested in dry-land rice
variety trials at Dobuilevu, Sigatoka and
and Koronivia Research Stations during

1968-72.
(A) Short Duration (Early Maturing) varieties:
(a) Standard varieties:
Saraya 3 Month Mutmuria A
Saraya 4 Month Mutmuria B
Rani Mutmuria C
(b) Introduced varieties:
Blue Belle G 50778
Belle Patna G 51082
Blue Bonnet G 51083
Nova IR110-1-1-2 (2231)
Krishna IR140-136-2 (2248)
Ratna IR159-B-6-3-1 (2052)
Vijaya TIR159-B-6-2-1 (2051)
Bala IR178-118-3-3-2-1B-1B (2350)
Hamsa IR532-1-14 (2186)
Mudgo IR579-48-1
H.7 IR747-7-2
G 50683 IR747-B2-6-3
G 50771 TR1154-243-1
G 50774
G 50775 CP-231 x SLO-17 (2215)
G 50776
(B) Medium Duration Varieties:
(a) Standard varieties:
BG79(75)
New Guinea
Sonacalif
(b) Introduced varieties:

IR127-35-2-3
IR127-46-2-1-1

Taichung (N) I
Milfor 6(2)

Mahsuri IR140-136

Palawan IR154-54-2-2
Azucena IR154-61-1-1
FK135 IR160-25-1-1

‘Arkrose x Blue
Bonnet

Malinja

Peta

Bahagia

B. H. Creole

Kadinga

C4-63 (Sautu)

IR5

IRS

1R9

1R20

IR22

1R48

IR61-10-6-2-2-1

IR117-41-3-2

1R127-22-1-2-2

IR580-E470-375

IR589-30-2-2

IR589-42-1-1

IR589-65-5

IR589-65-5-1

1R589-66-4-2

IR589-81-2-3

IR160-27-4-1
IR160-34-2-2
IR184-49-1-3-3
IR227-13-5-1-1
IR239-149-1 (2235)
IR276-23-1-2-3-3
IR277-13-5-1-1
IR334-26-10
IR400-5-12-10-2
IR430-303
TR454-1-17-1
IR480-5-9-2 (Ajral)
IR532-E447 (2185)
IR574-100
IR579-80-2-1
IR580-E467-354
IR665-58
IRG65-8-3

67-1050
CR36-148
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APPENDIX — 2

RESULTS OF THE TRIAL CONDUCTED

IN 1570 AT SIGATOKA RESEARCH

STATION
Variety mt/ha
IR9 3.78
IR8 3.46
IR5 2.80
Palawan 2.15
Taichung (N.) I 1.57
Blue Belle 1.52
Azucena 1.32
Saraya 3 Month 1.30
Mutmuria B 121
Arkrose x B. bonnet 1.09
Bella Patna 1.07
Mutmuria A 0.94
FKI 35 0.92
BG79(75) 0.85
Sonacalif 0.67
Rani 0.58
Saraya 4 Month 0.52
New Guinea 0.43
S.E. ®= 0.25
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TECHNICAL NOTES

THE WATER SOLUBLE CONSTITUENTS OF
SYZYGIUM CORYNOCARPUM FROM FLJI

The small tree Syzygium corynocarpum (A.
Gray) C. Muell (Fijian name — ulala; Tongan
name — hehea) a member of the Myrtaceae
family, has been reported to be used in Tongan
folkmedicine as a general tonic and as a cure for
breast tumours (1, 2), although no reports have
been found of its use in Fijian folkmedicine.

No previous chemical studies on this plant
have been reported and this work arose because
during a programme of screening plants from Fiji
for antibacterial activity, an aqueous extract of
the leaves of S. corynocarpum was found to in-
hibit the growth of Staphylococcus aureus on
agar plates.

Extraction of leaves (450g) with ethanol
at room temperature yielded a biologically active
extract (56g). Partitioning the extract by dissolv-
ing in water and extraction with n-butanol left
a water soluble fraction (21g), which retained the
activity.

This fraction was acidic and continuous ex-
traction of a sample (13g) with ethyl acetate gave
an acid fraction (4.4g) and left a neutral aqueous
residue. The aqueous residue contained mainly
sucrose, which was identified by conversion to
the octaacetate and its comparison by infrared
spectroscopy and thin layer chromatography with
an authentic sample. Paper chromatography of
the acid fraction (solvent butanol: water: acetic
acid — 14:5:1) showed the presence of citric
acid (Rr 0.67) as the major component together
with malic acid (Rr 0.80) and lactic acid
(Rr 0.98). In each case the hydroxy-acid was
detected by spraying with potassium perman-
ganate solution or by spraying with bromocresol
green and the Ry values were identical with those
of authentic samples.

On treatment with ether the acid fraction
crystallised to give citric acid, whose structure
was confirmed by nuclear magnetic resonance
spectroscopy (solvent CD,OD, chemical shift
from TMS 2.89, 2.80 ppm, q,Jan = 15 Hz).

Hydroxy-acids have been shown to inhibit
the growth of micro-organisms by depressing the
pH of the medium (3) and their concentration
in these extracts is sufficient to be responsible
for the positive anti-microbial bioassay.

As well as the plant from Fiji, specimens
were obtained from Tonga but extracts of these
showed no antibiotic activity and the extracts
contained only traces of acids. Differences in
the shape of the leaves suggest that the Tongan
specimens could be a different variety, and the
chemical differences support this.

The author wishes to thank Mrs. Siwatibau
and the Tongan Department of Agriculture for
botanical specimens, Dr. D. B. Nedwell for bio-
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assays and Mr. R. W. Rickards of the Australian
National University for nmr spectra.

1. Yuncker, T. G. (1959) Plants of Tonga, B.P.
Bishop Museum Bulletin No. 222, Hawaii.

Weiner, M. A. (1970) Ethnomedicine in Tonga.
Econ. Bot., 23, 423-450.

3. Minor, T. E., Marth, E. H. (1972) Loss of via-
bility by S. aureus in acidified media. J. Milk
Fd. Technol., 35, 191-196.

Roger M. Smith
School of Natural Resources
University of the South Pacific
Suva, Fiji.
THE ESSENTIAL OIL OF THE MEDICINAL
PLANT COLEUS AMBOINICUS FROM FILJI

Coleus amboinicus Lour. (Labiatae), common
name Sage, has been reported to be used in folk-
medicine in the Pacific and S. E. Asia (1). In
particular the vapour from the leaves is recom-
mended in cases of chest colds. Previous workers
have examined plants from Java (2) and reported
the presence of carvacol which they considered
to be the active component. As the smell of the
leaves suggested the presence of additional com-
pounds this work was undertaken to examine
the essential oil in more detail.

[ Qo]

Leaves of Coleus amboinicus were steam dis-
tilled and the aqueous distillate was extracted
with ether. The ethereal solution was examined
by gas liquid chromatography on a column of
MS 200/12500 on Chromosorb G. AW-DCMS
(8:92) at 170°C using a Perkin Elmer F11 gas
chromatograph fitted with dual glass columns and
flame ionisation detectors.

The chromatogram showed the presence of
only two major volatile components with reten-
tion times of 1.3 min and 2.3 min in roughly
equal amounts, Limonene was identified from its
g.l.c. properties as one of the trace components.
The two major compounds were isolated by thin
layer chromatography on Kieselgel GF.. (solvent-
chloroform) and were identified respectively as
camphor (R» 0.5) and carvacol (Rr 0.6) by com-
parison with authentic samples by gl.c. and
infrared spectroscopy. Both compounds are well
known in the treatment of chest colds.

The author wishes to thank Mrs. S. Siwatibau
for the identification of plant material.

1. Sterly, J. (1970) Heilpflanzen der Einwohner
Melanesiens, Kommissions Verlag Klaus Ren-
ner, Munich.

2. Weehuizen, F. (1918) A phenol from the
leaves of Coleus amboinicus Lour. Recl. Trav.
chim. Pays-Bas Belg., 37, 355-356.

Roger M. Smith

School of Natural Resources
University of the South Pacific
Suva, Fiji.
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NOTES TO CONTRIBUTORS

Scope of papers. Reports and reviews of research

in the fields of agriculture, veterinary science,
forestry, fishery, and allied subjects in Fiji,
or elsewhere if relevant to agriculture in Fiji,
will be considered for publication. This will
not necessarily be’ in order of receipt; papers
that need little editing are likely to appear
earlier than those that involve much.

Conditions of acceptance. Submission of a paper

will be taken to imply that the material has
not previously been published, and is not
being considered for publication elsewhere.
Papers published in Fiji Agricultural Journal
may not be reprinted or published in trans-
lation without permission from the Editor.

General layout. Before having their manuscripts

typed contributors are asked to look care-
fully at the lay-out of other papers published
in this journal, to ensure that their own
papers, as submitted, conform as closely as
possible to the accepted pattern. Numerical
data, which should only be included if they
are essential to the argument, can be pre-
sented in the form of tables or diagrams, but
should never be shown in both ways, nor
should the text repeat in detail what is appa-
rent in any table or diagram. Figures sub-
ject to experimental or sampling error should
be accompanied by an assessment of this,
(usually “Standard Error”, in preference, e.g.
to “Least Significant Difference”).

Text. Italics should be marked in typescript by

single underlining.  Scientific names of
genera and species must be in italics. The
authority, in roman type, should be given only
when the taxonomy is under discussion.
Livestock, crop plants, shade trees, etc. may
be referred to by common name rather than
scientific name, even if the former is part of
the latter, provided that the scientific name
is given once in any case of possible ambi-
guity (e.g. “rice” rather than Oryza sativa;
Terminalia ivorensis once, thereafter ‘“‘termi-
nalia”.)

Tables. Should be numbered and carry headings

describing their content. They should be com-
prehensible without reference to the text.

Units. Measurements should be reported in the

units of the measuring instrument (e.g.
weights in lb or tons if avoirdupois scales are
used); but if non-metric then metric equiva-
lents should be given at least once in each
paper.

Title. The development of automatic bibliogra-

phic methods, based on single-word indexing
of the significant words in the title, makes it
essential that the title of each paper should
contain the maximum of relevait information.
It is particularly important, for example, that
the title should contain references, where
relevant, to the crop, the character of the
investigation, the factors under review, and
the climatic or geographic area in which the
work was done.

References. All references quoted in the text

should be arranged alphabetically, and num-
bered, to form the bibliography at the end
of the article, each reference in the text being
followed by the appropriate number, in brac-
kets, referring to the bibliography. The
arrangements of the references should follow
the system: name and initials of author(s);
year of rublication; title of paper; title of
periodical (using the abbreviation given in the
World list of Scientific Periodicals), under-
lined; volume number, doubly underlined;
issue number, only if each issue independ-
antly page-numbered; and first and last page
numbers. In reference to books the book title
should be underlined and the publisher given.
In reference to non-periodic collections of
papers (e.g. conference reports) use -any
accepted or self-evident abbreviations, e.g.
F.A.O., ann(ual), rep(ort), proc(eedings), conf
(erence). Unpublished work should be cited
in the text as, e.g., “Smith, A.B. (private com-
munication)” except in the case of material
kept in archives in Fiji when the appropriate
reference should be given.
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AGRICULTURAL JOURNAL

The following back numbers are available at 30 cents per copy :
, No. 4
Vol. 30,

Vol. 29

Vol. 31
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The following are available at the prices shown :

45 Tropic records of some insects, mites and ticks in Fiji

46 Some Fiji Breadfruit varieties

48 The Declared Noxious Weeds of Fiji and their control
49 A simple way to distinguish black leaf streak from

Sigatoka disease on bananas

51 The banana-

root nematode in Fiji

53 Problems and Progres.s in Weed Science in Fiji

* 54 Biological control of Pests in Fiji

The following reports are available :

@ Annual Report of the De

50 cents a copy.

® Report on the Census of Agriculture, 1968, $3.00.

Book

Plant Diseases of Fiji by K. M. Graham,

Published and Sold by Her Majesty’s Stationery Office,
- P.O. Box 569, SE1, London, England, at £Stg.2.50.each.
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