Tropical Grasslands Vol. 12, No. 2, July 1978 \ 113
PASTURE SPECIES EVALUATION IN THE SOLOMON ISLANDS

R. C. GUTTERIDGE* and P. C. WHITEMANT

ABSTRACT

Pasture evaluation trials were undertaken at five regional sites in the Solomon
Islands. Species compared included five tropical grasses, Brachiaria mutica (Para),
B. decumbens (Signal}, B. dictyoneura (Koronivia), Panicum maximum cv. Hamil
and Ischaemum aristatum (Batiki Blue) and eight tropical legumes, Centrosema
pubescens (Centro); Pueraria phaseoloides (Puero); Stylosanthes guianensis cv,
Endeavour (Stylo); Desmodium uncinatum (Silverleaf); Desmodium heterophyllum
(Hetero); Glycine wightii ¢v. Tinaroo (Glycine); Macroptilium atropurpureum cv.
Siratro (Siratro) and Vigna luteola (Vigna).

On fertile alluvial soils cleared from primary rainforest Para and Signal grass
gave the most consistent yields over the two years with dry matter vields up to 30
tonnes ha* yr- at the best site. The lower yielding Batiki also grew well on these
soils and combined well with legumes, whereas Signal was more competitive and
tended to suppress the legume component. Centro, Puerc and Hetero were the most
productive and persistent of the legumes at these sites.

Under heavy shade in young coconut plantations Batiki Blue and Signal were
the best adapted grasses while the proportional yield of all legumes was much higher..
Puero and Centro produced the highest yields under these conditions.

In a less shaded environment under old coconuts on a coral rubble soil of high
pH Siratro was outstanding among the legumes whilst Vigna was a good pioneer in
the first year. Koronivia was the best of the grasses at this site with dry matter yields
of up to 11 tonnes ha* yr2.

Recommendations are made for grass/legume mixtures for the major soil types
in each of the five important land systems covered in this study.

INTRODUCTION

The territory of the Solomon Islands is a scattered archipelago extending 1,770
km southeast from Bougainville between latitudes 4°45° and 12°30°S and longitudes
155°30" and 170°30°E. There are six large islands or island groups with numerous
smaller islands and atolls. Total land area is 29,800 km?. The major islands are
Choiseul, the New Georgia Group, Santa Isabel, Guadalcanal, Malaita and San
Cristobal (Figure 1). These vary in length from 145 to 190 km and in width from 35
to 50 km. The largest, Guadalcanal, has a land area of 5,120 km?2.

In 1971, the Solomon Islands Government began a program to develop the
local beef cattle industry. This involved importing cattle from Australia and offering
subsidies, grants and loans to local farmers for clearing, fencing, planting pastures
and purchasing imported stock. The introduction of this scheme has required research
into the problems of pasture development in the “small holder sector”.

The small holders’ approach to pasture development has been to replace vegeta-
tion of littie or no value for grazing (i.e., tropical rainforest) with a pasture composed
of introduced species recommended by the Solomon Island Ministry of Agriculture
and Lands. Until 1973, there was no co-ordinated pasture research program and the
species recommended, although having broad adaptation to wet tropical areas, were
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not necessarily suited to specific localized environmental conditions. Thus, when a
pasture species evaluation program was instigated in 1973, one of the main objectives
was to compare the productivity of those species already in use with other potentially
useful species over as wide a range of environmental and edaphic conditions as
possible.

This paper reports the results of initial investigations from five evaluation sites.

MATERIALS AND METHODS
Site

Five experimental sites were selected, on different islands and covering a range
of soil types and environmental conditions (Figure 1). The site location, soil descrip-
tion and analysis of soil samples from each site are presented in Table 1. At Liapari
and Lever Point the sites were selected in existing coconut plantations, four years old
and seventy years old respectively. At Lokaru and Kaonasughu the sites were in
virgin rainforest while at Dala the site was secondary bush regrowth following sub-
sistence gardening. All sites were cleared by hand methods similar to those employed
by the local farmers except that trash was not burned. Fallen trees were removed
from the sites but large stumps were left in situ.

Climate

The climate of the Solomon Islands is moist tropical; seasonal and daily tempera-~
tures vary little throughout the year and in coastal regions maximum temperatures
seldom exceed 32°C with minimums rarely below 23°C. Relative humidity fluctuates
between 60 and 92% . Evaporation rates are low averaging 5 mm 2 day (Wall and
Hansell 1973). Rainfall is high. Seasonal distribution patterns are not marked except
on the Guadalcanal plains where from April to October rainfall is relatively low.
Elsewhere it is evenly distributed throughout the year with most areas receiving
between 2,500 to 4,500 mm annually. Mean annual rainfall over the experimental
period was above 3,000 mm at all sites except Liapari where it was 2,960 mm. The
rainfall was well distributed throughout each year at all sites and it is unlikely that a
soil moisture deficit would have affected pasture yicld at any time.

Grass and leguume species used

The pasture species were selected for evaluation on the basis of their known
adaptation to tropical environments; some were already in use in the Solomons while
others were new introductions. The grasses selected were Brachiaria mutica (Para),
B. decumbens (Signal), B. dictyoneura (Koronivia), Ischaemum aristatum (Batiki
Blue), and Panicum maximum cv. Hamil (Hamil). The legumes were Centrosema
pubescens cv. Common (Centro); Pueraria phaseoloides (Puero), Stylosanthes
guianensis cv. Endeavour (Stylo); Vigna Iuteola (Vigna); Desmodium uncinatum
(Silverleaf); D. heterophyllum (IHetero); Macroptilium atropurpurenm cv. Siratro
(Siratro); and Glycine wightii cv. Tinaroo (Glycine).

At each experimental site there were two trials.

1. All the grasses were sown with a common legume (Centro) and all legumes were
sown with a common grass (Para), to assess yields and combining ability in mixed
swards.

2. Twelve additional grass/legume mixtures were evaluated as combinations. These
were: Hamil and Stylo; Hamil and Silverleaf; Hamil and Glycine; Koronivia and
Stylo; Koronivia and Glycine; Koronivia and Puero; Batiki blue and Stylo; Batiki
blue and Silverleaf; Batiki blue and Puero; Signal and Stylo; Signal and Glycine;
Signal and Hetero.

At Lever Point, Puero and Stylo failed to establish even after resowing. The
treatments containing Stylo were oversown with Siratro and those containing Puero
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were oversown with Desmodium intortum (Greenleaf) six weeks after establishment
of the trial.
In both trials at all sites a randomized block design was used with 3 replications
of 12 plots, each plot 9 m2,
Procedure

The grasses, Para, Signal, Koronivia, Batiki Blue and the legume Hetero were
planted as vegetative cuttings. Hamil grass and the other legumes were planted as
secd at the following rates:

Hamil, 9 kg ha-'; Centro, 11 kg ha; Puero, 5 kg ha—1; Stylo, 5 kg ha1;
Glycine, 9 kg ha?; Siratro 9 kg ha-?; Silverleaf, 9 kg ha; and Vigna, 9
kg ha-t,
All legumeg seed was inoculated with the appropriate commercially available
Rhizobium strain before sowing.

At Dala, all species were planted/sown together on the 27th September 1973,
Seed was broadcast in the appropriate plots and the soil surface lightly raked. Bundles
of vegetative cuttings were then hand planted into the appropriate plots on a 0.75 m

grid.

At the other sites all legumes (including Hetero) and Hamil were sown in
December 1973 (except for Lever Point which was sown in February 1974) and
after approximately six weeks growth the other grasses were planted into the appro-
priate plots on a 1 m grid. At this stage the Hamil grass plots were cut to a height of |
30 cm.

The first harvests were taken seven weeks after planting the grasses and sub-
sequent harvests followed at eight week intervals for a total of 12 harvests. At each
harvest a 0.5 m? quadrat was sited at random within the plot after allowing for a 1 m
border. All plant material within the quadrat was cut at § cm above ground level and
sorted into grass and legume components. During the first year the plots were hand
weeded. At harvest 6, weeding was discontinued and at harvest 7 and thereafter
weeds were included as a third component for botanical composition. At a number of
sites Desmodium heterophyllum and D. triflorum volunieered; these legumes formed
a fourth component. After sampling the remainder of the plot was cut by hand and
the herbage removed.

Sorted samples were oven-dried at 70°C for 48 hours and weighed. The dried
samples from harvest 11 at all sites were finely ground and the nitrogen, phosphorus
and potassium contents of the plant material determined using a Technicon Auto-
analyser after acid digestion by the Kjeldahl technique.

Fertilizer use

As far as was possible all trials were conducted without the addition of fertilizer,
but at Dala, Liapari and Lever Point potassium deficiency symptoms were apparent
by the third harvest and it became necessary to apply potassium fertilizer. Three
dressings of 200 kg ha-! potassium chloride (KCl) were applied during the 2 year
trial period at Dala, two dressings of 100 kg ha~1 KCI were applied at Liapari and one
dressing of 100 kg ha-* KCI at Lever Point. Potassium uptake was monitored at Dala
and Liapari by measuring the potassium contents of plant tops in the Para and Centro
treatment at all harvests and in all species in the harvests immediately before and
after application of fertilizer,

RESULTS
Dry matter vields
Comparison of sites

T Mean total dry matter yields at the five sites for both years are presented in
able 2.
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TABLE 2

Total dry matter yields (grass and legme) aver two years at five
evaluation sites in the Solomon Tstands (1000 kg ha)

TRIAL 1 TRIAL 2
SITE

1974 1975 Total 1974 1975 Total
LIAPARI 11.9 5.0 20.9¢ 16.1 12,3 28.4b
LOKARU i8.8 30.3 49.1a 18.1 29.8 47.9a
LEVER POINT 10.0 8.9 18.9¢ 10.2 9.2 19.4c
DALA 24.4 19.0 43.4a 234 18.7 42.1a
KAONASUGHU 16.6 17.2 33.8b 15.0 16.1 35.1b

Total yields with different subscripts differ significantly at P< 0.05.

The lowest overall yiclds were recorded at the Lever Point and Liapari sites
both of which were located within coconut plantations. Highest yields were recorded
at Lokaru and Dala while yields from Kaonasughu were intermediate. At Liapari,
Lever Point and Dala, yields declined in the second year. On the cleared rainforest
site at Lokaru yields increased substantially in the second year, while at Kaonasughu
yields were similar in both years. Thus major differences in site potential were
demonstrated.

Species performance al each site

Liapari. In the early stages of growth most plots were legume dominant, and in the
first year yields of Puero, Centro and Stylo were higher than the other legumes. The
highest yielding grasses were Hamil and Signal in all legume combinations, while
Batiki gave high yields with Silverleaf but was suppressed when in combination with
Puero. Highest total yields (grass and legume) in the first year were produced by the
Hamil/Stylo and Hamil/Centro mixtures, followed by Signal/Glycine.

In the second year yield of the legumes in most combinations declined markedly
(Tables 3 and 4). Vigna, Stylo and Siratro had virtually disappeared by the end of
the trial, while Silverlcaf was persisting but only as a minor component. Glycine
declined in most plots except in the Koronivia combination. Hetero invaded many
plots and gave reasonable yields with Para but was suppressed by Signal grass. Puero
and Centro maintained higher yiclds than the other legumes; Puero even suppressing
Koronivia and Para.

Within the grasses, highest yields were again obtained with Hamil, Signal and
Batiki. Signal was highly compefitive and suppressed legume yield in all combina-
tions. The combinations which maintained a good legume/grass balance were Para/
Centro, Para/Hetero, Hamil/Centro, Koronivia/ Glycine and Batiki/Puero. The
highest yielding combinations were Hamil/Centro (11.7 ha!) and Batiki/Puero
(10.8 t ha=t).

Weed invasion was high af this site especially in the more open Para and Hamil
swards, particularly where the legume component was weak (Table 4).

Lokaru. In the first year highest legume yields were achieved by Centro, Stylo and
Puero. Hamil, Signal and Para gave the highest grass yields while yields of Batiki and
Koronivia were substantially lower. In the second year all grass yields increased
dramatically but again Batiki and Koronivia were significantly lower yielding than the
other species when grown with Centro (Table 3). In all combinations except Hetero/
Para, legume yield declined in the second year. By the end of the second year Siratro,
Vigna, Stylo, Glycine and Silverleaf had disappeared from a number of plots and
where present were contributing very little to total yield. On the other hand Puero
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and Centro althongh declining in yield were maintained in the plots and contributed
substantially to yield. Hetero increased in yield with Para. The highest legume yield
was achieved in the Koronivia/Centro mixture, but Hamil, Para and Batiki 21l had
adequate levels of Centro or Puero in the mixture. Yields of legumes in combination
with Signal were suppressed. Weed and volunteer legume invasion was minimal at
this site (Table 4).

Lever Point Site. This was the lowest yielding sitc and some species (Puero and Stylo)
suffered from iron deficiency and failed to establish while other species grew poorly
throughout the experimental period. Siratro, Vigna, Glycine and Silverleaf established
well but only Siratro maintained yield in the second year (Table 4).

Koronivia was the best adapted grass, forming dense swards which suppressed
the legume component. Signal gave reasonably high yields in the first year but declined
in yield in the second year when it was not significantly different (P > 0.05) from
Koronivia. The other grasses were poorly adapted to this site and showed severe
chlorotic symptoms.

Weed invasion was particularly high in plots where establishment or growth of
the sown species was poor (Table 4).

Dala. At Dala, where the grasses and legumes were sown at the same time, total
yields in all combinations were higher in the first year. The drop in grass yields from
the first to the second year accounted for a large proportion of the decline in total
yields,

Most of the legumes declined in yield from the first to the second year and Vigna,
Stylo and Siratro were only very minor components at the conclusion of the trial.
Puero, Silverleaf and Glycine gave reasonable yields in some plots while Centro and
Hetero contributed substantially.

All the grasses performed reasonably well but Para was outstanding for its yield-
ing ability and compatibility with the legume component. As at other sites weed
invasion was greater in the more open Para and Hamil swards growing with a weak
legume.

Hamil/Centro and Para/Centro gave the highest total yields in the first year
and were not significantly different from each other (P > 0.05). In the second year
Para/Hetero, Para/Centro, Hamil/Centro, and Signal/Centro were the highest
yielding mixtures. Although Batiki/Centro and Batiki/Puero gave significantly lower
grass yields, these combinations maintained good legume yields.

Kaonasughu. At Kaonasughu most combinations in Trial 1 increased in yield in the
second year due to the large increases in the grass componenis after suppression in the
first year by well established legume associates. In Trial 2, however, most combina-
tions declined in yield in the second year.

All grasses grew well, especially Para and Hamil, although Hamil yields dropped
considerably over the last few harvests when the site became water logged. Batiki and
Koronivia were significantly lower yielding (P < 0.05) than the other grasses, and
this was reflected in significantly higher yields (P < 0.05) of the associated Centro.

Centro was the highest yielding legume, maintaining good yields into the second
year while most of the other legumes declined in yield, Hetero also gave good yields
and even competed well with Signal which was not as aggressive as at other sites.
Hetero spread rapidly throughout the site and invaded many plots where the sown
legume component had decreased. Weed invasion was not a major problem at this
site.

. Chemical composition of herbage
Nitrogen

At all sites the nitrogen content of the legume component was higher than that
of the associated grass. The nitrogen contents of the grasses at Liapari and Lever
Point where dry matter yields were lower, were higher than at other sites (Table 3).

.
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TABLE 5

Nitrogen, phosphorus and potassium contents (%) of pasture species from five evaluation sites in the Solomons (Harvest 11)
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Centro had the highest nitrogen content except at Lever Point where its growth was
poor. There were no consistent differences between the other species.

Phosphorus

The phosphorus content of the legumes was generally higher than that of the
grasses at all sites except Dala. At Dala where the highest plant phosphorus con-
centrations were recorded, the grasses had higher phosphorus concentrations (Table
5).
Potassium

The potassium contents of the pasture species from the Kaonasughu siic were
higher than for any other site. In general there were no marked differences between
species and between associated grass and legume at the same site (Table 5).

DISCUSSION

Since the main aim of this work was to be able to recommend pasture mixtures
for immediate use, or at least for further evaluation, it is proposed to discuss each site
in turn and come to some recommendations on adapted grass/legume combinations.
As each site is representative of a large land system it is hoped that the recommenda-
tions can be applied on similar soils throughout that land system.

Liapari

At this site the shading from the young coconut palms reduced light transmission,
by 50% at noon and had a marked effect on productivity and botanical composition.
In general, the grasses were less productive than at some of the other sites and the
legume Puero in a number of mixtures maintained dominance throughout the trial
period. Ludlow ef al. (1974) found that the reduction in Relative Growth Rate and
Net Assimilation Rate due to shading was more marked in two tropical grasses than
in two legumes. This effect could partly account for the more favourable legume
balance at this site. Puero was the most productive legume and completely suppressed
Para and Koronivia in heavily shaded plots and formed 2 well balanced mixture with
Batiki Blue. Centro gave similar yields to Puero when sown with Para but when sown
with an aggressive grass (such as Signal) it declined in yield and proportion in the
sward, Hetero was a strong component when sown with Para grass and readily
invaded other Para plots.

Signal, Hamil and Batiki were the highest yielding grasses at this site. The
performance of Batiki Blue at this site indicated some shade tolerance as its dry
matter yiclds were only slightly less than those of Signal. Shade tolerance in
Ischaemum timorense, a similar grass to Batiki Blue was reported by Macmillan
(1962). On the basis of yield and legume content Batiki/Puero appears to be the
best adapted mixture for this site. Batiki/Centro and Koronivia/Glycine mixfures
are worthy of further evaluation.

The use of potassium fertilizer would be essential for long term pasture produc-
tivity on these soils especially for the maintenance of a strong legume component and
the prevention of weed invasion particularly from the ferns Sphaerostephanos unitus
and Thelyptris sp. Responses to phosphorus fertilization may also be obtained as
herbage P contents were generally below the “critical levels” for tropical grasses
(Andrew and Robins 1971), and are marginal in the legumes.

Lokaru
This was the most productive of all sites. There was no competition for light
from a tree crop and very little weed competition. The soil was a fertile alluvium
which had been cleared from virgin rainforest, it was well drained and well supplied
with all essential nutrients. Thus there was no sign of nutrient disorder in any of the
species at any time throughout the trial period. Grass yields were very high
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particularly in the second year and compare favourably with yields from other wet
tropical regions (Adegbola and Onayinka 1966, Roberts 1970, Gallasch 1971 and
Kretschmer et al. 1973) especially as they were obtained without the use of nitrogen
fertilizer.

At this site, because of good growth conditions, the grasses completely dominated
the legumes even though the legumes were Sown and were well established before the
grasses were planted. The defoliation levels imposed on these swards in the trial
would also tend to favour the grass component. Puero was one of the most susceptible
legumes to these management conditions and had virtually disappeared from the trial,
while on the grazed pastures adjacent to the trial site, originally sown to a mixture of
grasses and legumes, Puero was beginning to dominate and in some areas had com-
pletely smothered the grass. This illustrated the importance of management in main-
taining a well balanced pasture.

All grasses, at this site, gave high yields but on the basis of total yield and
legume content mixtures of Para/Centro or Para/Puero would be recommended.
Although giving lower grass yields Koronivia/Centro had high legume yields and
would be a useful mixture.

Lever Point

The outstanding feature of this site was the soil conditions which gave rise to the
iron chlorosis problem in a number of species. This far outweighed the relatively
minor shading effect of the coconut canopy where light transmission was between 75
and 979%. The iron chlorosis effect varied from extremely severe on the legumes
Puero and Stylo to slight on Siratro and Vigna, with intermediate effects on the other
legumes. All the species had low P contents and responses to P fertilization may be
expected. The high nitrogen content of the grasses at this site, would be related, most
probably, to the lower yields. The “dilution effect” experienced under good growing
conditions at other sites would not occur here.

Invasion from weed was a major problem as most of the weed species were well
adapted to the soil conditions so that iron chlorosis only occurred to a very minor

, degree in some species. The worst of the weeds was blue rat’s tail, Stachytarpheta

jamaciensis.

Koronivia, the highest vielding grass, did not show chlorotic symptoms and
tended to suppress the Siratro. The yield of Signal grass was not significantly different
from Koronivia but it appeared less vigorous and chlorotic, and maintained a
significantly higher (P < 0.05) Siratro yield. Further studies are required with
Koronivia/Siratro and Signal/Siratro to evaluate the mixtures under grazing on this
land system.

Dala

Here the main limiting factor to pasture productivity was potassium. All other
nutrients were in adequate supply especially phosphorus as indicated by the phos-
phorus concentrations in the herbage. When supplied with potassium, growth of all
grasses was good; however, Hamil grass was particularly susceptible to potassium
shortlage and suffered from reduced growth rate during periods of marginal potassium
supply.

‘At this site both grasses and legumes were planted at the same time, so the
legumes suffered from competition from the outset. The low potassium status also
affected the legume and in some plots legume establishment was negligible. When
potassium was applied and grass growth rates declined due to nitrogen shortage, some
of the legumes began to increase in proportion in the sward. These included Centro,
Puero, Hetero and Stylo. Centro and Hetero maintained good yields throughout the
trial but both Puero and Stylo began to decline in the second year due to an inter-
action of cutting height, cutting frequency and potassium deficiency. In the field both
Hetero and Centro seemed to be more tolerant of potassium deficiency than either
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Puero or Stylo. Nitrogen appeared to limit grass growth in plots where the legume
component was very weak or non-existent.

Para and Signal were the best of the grasses when supplied with potassium and
Centro and Hetero were the outstanding legumes. Mixiures of Para/Centro and
Signal/Hetero would be recommended.

Kaonasughu

Total yields in the second year were high but in the last three harvests the site
became waterlogged and in a number of species, particularly Hamil and Signal, yields
began to decline rapidly. Para grass, however, was particularly adapted to this site as
it was not restricted by the waterlogged conditions. Its yields were always high and
again it was compatible with the legumes.

Puero, although maintaining a higher proportion in the sward than it did at
Lokaru and Dala, again suffered from competition from the grass under the severe
cutting regime. Again in adjacent grazed areas under less severe utilization it began to
dominate the sward. Centro was the best of the legumes maintaining high yields
throughout and was compatible with all the grasses. It completely suppressed the less
aggressive Batiki Blue and Koronivia in the first year. Hetero at this site was flourish-
ing by the end of the trial period. It appeared to be favoured by the waterlogged con-
ditions and spread through the trial area invading many plots. -

A combination of Para grass with both Centro and Hetero would give a well
balanced highly productive pasture in this area.

General

It was apparent that there were quite marked differences in adaptations and
degrees of compatibility between the species at different sites. In open fertile sites
Para was the most widely adapted of the grasses. It was very easy to establish, it pro-
duced good yields and combined well with most of the legumes. Signal and Hamil
also gave good yields but tended to suppress the legume component. In these con-
ditions Centro and Puero were more competitive and higher yielding.

Under heavily shaded conditions Batiki Blue or Signal were best adapted but
additional work is required on other species such as Brachiaria miliiformis and B.
brizantha which have performed well under coconuts in Sri Lanka (Santhirasegaram
and Fernandez 1967).

At most sites, Stylo behaved as a short term pioneer species giving high yields in
the first six to eight months after establishment but with competition from the grass
under the management conditions imposed it did not persist into the second year.
Hetero, on the other hand, persisted and spread at most sites particularly in the water-
logged conditions at Kaonasughu. Its performance in these trials may have been
somewhat underestimated as a greater proportion of this low growing legume lay
below the cutting height than was the case with other legumes. It was relatively slow
to establish and yields in the second year were generally higher than in the first.
Hetero could easily be incorporated into a pasture by including it in grass nurseries
and planting it vegetatively with the grass cuttings.

It is obvious that further studies are required to evaluate the recommended
mixtures under grazing. The mixtures recommended from this study appear to be the
best adapted to the conditions at each site, combining adequate yield levels with a
good balance between grass and legume.
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