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THE INFLUENCE OF FLOWERING TIME AND GROWTH HABIT ON THE
PERFORMANCE OF TOWNSVILLE STYLO (STYLOSANTHES H. UMILIS) IN
TROPICAL AND SUB-TROPICAL QUEENSLAND

D. F. Cameron®, H. G. BisHor,t L. 'T MANNEDIE* N. H. SHAW*,
D. I. Sirarf axp I. B. STAPLESt?

ABSTRACT

Eighteen lines of Townsville stylo differing in flowering time and growth habit were
compared in small sward experiments at five sites in Queensland (Normanton (17°42'S,
141°05'E), Parada (17°08'S, 145°15'E), Mackay (21°09'S, 149°09'E), Rodds Bay
(24°S, 151°30'E), and Eskdale (27°07'S, 152°12'E)) over two or three years.

The main findings of this study were:—

(1) At the three tropical sites, dry matter yields of lines differed significantly at each
harvest. Earlier flowering lines performed relatively well at two of these sites where the
seed production of later flowering lines was reduced by severe plant moisture stress
during March of the first growing season. Flowering time also influenced yields directly
with later flowering lines being more responsive to high yielding environments than the
early lines. Lines with erect growth habit were generally higher yielding than the prostrate
lines, particularly in the presence of associated grass and weed species.

(2) At the subtropical sites, yields differed significantly for only one of the five site/year '

combinations and the general yield response of lines across all site/year combinations
was similar. In the third growing season all lines produced dense swards at Rodds Bay
but failed to regenerate at Eskdale.

The general adaptation of Townsville stylo in Queensiand is discussed and recom-
mendations given for the use of three cultivars in tropical and subtropical areas.

INTRODUCTION

The distribution of the annual legume Townsville stylo (Stylosanthes humilis)
in Queensland encompasses a considerable latitudinal and annual rainfall range
(12-28°S and 500-300 mm respectively). Agronomic studies of Townsville stylo near
Townsville (lat. 19°40'S) showed that flowering time and growth habit had important
effects on dry matter production (Cameron 1967¢). When soil moisture was not limit-
ing, iate flowering lines continued vegetative growth towards the end of the growing
season while early lines were flowering and seeding, Lines with erect growth habit had
the highest yields and seemed to compete better with sown grasses than prostrate
lines. In this paper these studies of the agronomic importance of flowering time and
growth habit have been extended to other sites representative of regions of Queensland
suitable for the development of Townsville stylo pastures.

MATERJIALS AND METHODS

Sites
Small sward experiments were sown at five sites (Table 1), Three were located in
the 17-21°S latitudinal range which includes most of the areas of naturalized Towns-
ville stylo in Queensland. The fourth site at Rodds Bay in central Queensland is close
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to the southern limit for successful development of Townsville stylo pastures while
the fifth site at Eskdale was chosen to test for adaptation to south-east Queensland
where there had been little success with commercial sowings.

Townsville stylo lines

The 18 lines (Tables 3 and 4) for the present experiments comprised 13 lines
selected for high dry matter yield from the set of 34 lines grown at Townsville (Cameron
1967¢) together with three previously untested lines and two unselected bulk popula-
tions (Carpentaria A and Katherine). Limited seed supplies restricted representation
of the lines to 15 at Rodd’s Bay and Eskdale, 12 at Parada, 11 at Mackay and 10 at
Normanton. Eight lines were common to all sites.

Design and Management

Plots of 4 m % 5 m (Rodds Bay and Eskdale) or 4 m X 4 m were arranged in a
randomized block design with three replicates. The experimental area was clean
cultivated and fertilized to correct known nutrient deficiencies (see Table 1) and the
plots were sown with 28 kg ha —* of Townsville stylo pods and 2.2 kg ha —! of Rhodes
grass during the 1965/6 summer. No companion grass was sown at the Normanton
site because problems of access during the wet season meant that control of grass
growth would have been difficult or impossible. The hard seed content of the Towns-
ville stylo pods had been reduced (and germination enhanced) by a heat treatment of
one month in an oven set at 60°C (Cameron 1967q). To simulate the lenient grazing
which is common commercial practice in dry areas, swards were usually not harvested
until the end of the growing season. However, at Mackay the swards were cut once
during the growing season in each year to reduce dominance of the legume by associ-
ated species. At each harvest, two quadrats (1 m X 0.4 m) in cach plot were cut with
hand shears to ground level. Marvested material was sorted into Townsville stylo
and other species, dried for 24 hours and weighed. After harvesting, plots were mown
at a height of 5-7 cm and raked off. Pod yields were measured at Parada on July 11,
1966 in samples of plant material and ground sweepings taken froma 1 m X 0.4 m
quadrat in each plot. Cleaned pod samples were air dried and weighed.

Details of mean annual rainfall, soil type, fertilizer application, sowing and
harvest dates are given in Table 1,

Statistical Analyses

Harvest cuts were taken in 1966 and 1967 at all sites and also in 1968 at Rodds
Bay. Individual analyses of variance for dry matter yields were performed for each
site/year combination. Eight Townsville stylo lines were grown at all sites and the
adaptation of this group was examined by regression analysis (Eberhart and Russell
1966) of Townsville stylo line yield on an environmentzl index. This index was derived
for each site/year combination as (mean yield of Townsville stylo lines) — (grand mean
yield of Townsville stylo lines over all sitefyear combinations). A combined analysis
was performed for all sites and years and separate analyses were performed for the
three tropical sites (Normanton, Parada and Mackay) and the two subtropical sites
(Rodds Bay and Eskdale). For these analyses a square root transformation was used
to reduce the heterogeneity of variances between sites and years. The individual
site/year combinations were regarded as separate and independent environments since
the correlations of residuals between years were not statistically significant.

RESULTS

Normanton

Monthly rainfall at all sites during the experiment is presented in Table 2. After
40 mm of rain on December 12, 1965 there was good germination and establishment
of Townsville stylo but very little regeneration of native species which consequently
made little contribution to total yields at harvest. Plants were experiencing severe
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moisture stréss at the harvest on March 18 and did not make any further growth. In
the second growing season dense seedling populations established in the plots of
Dayboro, Carpentaria A and Greenvale but very few seedlings established in the plots
of the other lines. Presumably this reflected poor seed set resulting from the severe
moisture stresses encountered by the midseason and later flowering lines prior to
flowering and seeding in the first growing season. Rainfall distribution was extremely
sporadic during the 1966/7 growing season with four successive drought periods of
3_6 weeks duration between the end of September and early February.

Tn the first season dry matter yields of Carpentaria A and the erect lines (with the
exception of Giru) were clearly superior to the prostrate lines Abingdon and Blooms-
bury (Table 3). In the second season Carpentaria A and the erect early lines Greenvale
and Dayboro gave high yields. The density of the midseason and later flowering lines
did not improve during this second season. Although swards of the prostrate line,
Carpentaria A, were clearly prostrate at the Parada and Mackay sites, all plots of this
Jine at Normanton were erect in habit in both growing seasons.

Parada

Good germination of Rhodes grass and all Townsville stylo lines followed rain-
fall of 26 mm on January 1, 1966 but the grass seedlings suffered from a severe attack
by Lawn army worml (Spodoptera mauritia) on January 20 leaving an almost pure
stand of Townsville stylo. Severe moisture stress was evident at the harvest on March
15 and no further growth occurred. Following a 20 mm storm on November 8, 1966
only small numbers of seedlings established in the plots of the late flowering lines,
Gordon and Torilla, but dense stands established in all other plots. Two successive
drought periods caused severe seedling mortality in the dense stands but thereafter no
visible symptoms of plant moisture stress were observed from early January through
to the harvest on May 8, 1967. In this second seasomn, Rhodes grass derived from a few
surviving plants became the dominant component in some plots at the harvest.

The prostrate growth habit was clearly expressed in all four prostrate lines and
within each maturity group the erect lines gave the highest yields. Differences in dry
matter yield between the maturity groups were small in the first season (Table 3) but

*the pod yields of 40 and 70 kg ha—! for Torilla and Gordon, respectively, were very
low compared with the range »f 800-1700 kg ha - for the other lines, reflecting the
effects of severe moisture stress on reproductive development of the two former lines.
In the second season, the yield advantage for the erect lines was even more pronounced
with the plots of the early and midseason prostrate lines being dominated by the
Rhodes grass component. Although plant growth was not limited by moisture stress
after the rain in early January the lTow density of the late flowering Darwin line limited
its yield potential and highest yields were obtained from crect midseason and late
midseason lines. :

Mackay
In both years rainfall was well distributed throughout the growing season and no

plant moisture stress was observed. In the first season germination occurred in mid-
January and in the second season in early November. Establishment of Rhodes grass
was (})oor but there was substantial growth of nut grass (Cyperus rotundus) and other
weeds. :

At the first harvest in 1966 the erect lines (with the exception of Giru and Carpen-
taria B) were superior to the prostrate lines with no differences between the maturity
groups. At the second harvest the early maturity lines were generally lower yielding.
Highest yields were produced by the erect cultivars Gordon and Lawson. At the March
harvest in the second season the erect, early lines Dayboro and Greenvale gave the
highest yields, but following post-harvest mowing there was negligible regrowth by any
line and there was no second harvest. Fisher {(1973) has since shown that close cutting
causes severe plant mortality in pure stands of Townsville stylo which are not defoli-
ated until 13 weeks after germination. The combination of greater competition from




169

Tropical Grasslands Vol. 11, No. 2, July 1977

‘2115 SIY1 38 UmoId Jou = —

01L 0ZIY orIe QEPT ‘ 091 00T (s9-0 > & 'as1
0811 00es 0SSt 065t 086 09LY 191 aqe] UopIogy “A2
QL8 (12074 (59T 00T — — 2)BeIsoI] o1eT B[ji10,
QST (1244 (659 [ hay 0£8 0Itl 12319 UOSeas-pPIA] 9)B] DI
0F6 005 0s6p 0Z9E o9 0012 jo1y UOSEIS-PIIA] 2)E] LClve
09¢1 0S6E 0£59 (15194 08kl 09LT Joaryg PEA 9187 % PIAL uLIRyey
00tl 00t oL 050y — — 1021 uoseas-pl g erejuedie)
09¢€T Otls obLL 08y OFTl Q81T 1031 TOsEIS-PIA UOSMET "AD
0601 0691 0091 006T 008 06L 91BHS0IJ UOSESS-PI]  AINQSwoofy
0ZLie 088¢ Qcss 068t 1 2:14 Q59T 12319 Alreqg oroqie(y
(1874 (V423 0661 0zes (08¢ 0cee fache | Apreq 9[eAUsaILy
— 7 OLPT 0L9E 001¢ 018¢ Nensorg Ape v eueuadie)
09tT 0£7e 0L9E OLPE ozel orbl ensordg Apreg uopsulqy
L9617 9961 LO6T 9961 L961 9961 [ury
Aeyory epeIeq UOJUBTUION NgeH +dA) 01418
IMOID Aunyep SIASTMO ],
(-8 3) PIIA "IN "d
52715 jp23do4l 234y1 10 Sawy OGS ApASHMO], fo splatd aapowl Lug
¢ HIgV.L
‘porzad [eustadxd apISINO [[BUIBY = ~— 4
— 1€ og 9Pl €01 94! L 65 19 0t 11 <1 L/9961
124 0 L8 65 oL 94 — _ — - _ — 9/c961 S[epysH
- — 08 6LT 19y €T 8tl SL 15 0 6T ) 8/L96T
¥IT 8L 3¢ £0T ST £CT 12 LET 61 €1 vL 8T £19961
09 8T LE 23 06 L8 — - - - — — 9/5961  Aeg sppod
— SOT e 17¢ 191 [ <9 18 (44 ST 9 £F £19961
6 8% el 99 501 ¥ 061 - — — — — 9/c961 Aexoe
— ¢ L 0g 61 16 0T 8r 1T 0 T 0 LI996T
€ [ (1) 61 78 4174 1L — - - - — 9/5961 BPEIB
— — — - 9ET il 86 811 9 05 4} 0 LI9961
0 v ¥ 0t LST 0£C <6 o1 - — - Cn 9/¢961 UOIUBULION
aunf KB nady uoIely  AIenIqay  AJenuer JeqUiedd(] JOQUIRAON] 12qo10Q Jequmdsg  isndny Amnr
Ieax Areao

() [repurey

§3718 2alf Jp spuAIadx2 211 fo 254100 21 JurNp S0} JOfinvs (IO
T HTdV.L




170 Cameron ef al—Performance of Townsville stylo

associated species in the second year and a 17 (second year) versus 8 week (first year)
interval from germination to midseason harvest may explain the different responses
of the first and second year swards to the midseason cut.

Rodds Bay

Dry conditions early in the season delayed land preparation and the experiment
was not sown until January 31, 1966. As a result yields in the first year were low and
not significantly different (P > 0.05). There was a slight trend, however, towards
higher yields for later flowering lines (Table 4). Rhodes grass dominance of the sward
in the second season was favoured by effective rainfall in June and August, 1966 and
good opening rains in November followed by a dry December. No trends were evident
in Townsville stylo yields in the second season. To prevent Rhodes grass dominance in
the third season the plots were continuously grazed from November, 1967 to February
3, 1968 and then slashed at 10 cm. At the harvest on March 14 the swards were Towns-
ville stylo dominant but there were no significant differences in yield between the lines.

Eskdale

Sowing at this site was also delayed until early February, 1966 resulting in low
yields of Townsville stylo in the first season with no significant differences between
lines (Table 4). Early rains in September/ October 1966 were supplemented by follow-
up rains which promoted good growth of both the Townsville stylo and Rhodes grass
components of the sward. Variation both within and between plots was very high at
the second year harvest with some lines producing very low yields. Significant yield
differences were measured with the Greenvale line being outstanding but there was no
association between growth habit or maturity type and yield. In spite of the substantial
yields produced by some lines in this second year, none of the lines re-established
during 1967/8 indicating that the general adaptation of these 15 lines to the Eskdale
environment was no better than that of a commercial seed line of the species which had
faiéec)i to persist in an earlier species evaluation experiment at this site (’t Mannetje
1967).

General Adaptation

In the regression analysis of the eight lines over all sites the Bloomsbury line
showed a much poorer yield response to improved environment than the other lines
but no clear patterns could be discerned in the remaining lines. However, the separate
analyses for the tropical and subtropical sites revealed distinct response patterns for
the tropical sites and the regressions for these separate analyses are presented in
Figure 1. Line mean yields, regression and correlation coefficients and the stability
index of Eberhart and Russell (1966), s?a (= deviations from regression mean square

- — pooled error mean square), are presented in Table 5.

Tropical Sites

Differences between overall line means (P < 0.001) and between regression
coefficients (P < 0.01) were highly significant for the six tropical site/year combina-
tions. Three general groups may readily be distingnished among the eight lines
(Figure 1(a)). Bloomsbury shows a very slight yield response to improved environ-
ment, while Dayboro and Greenvale give the best yields in low yielding environments
but are not as responsive to higher yielding environments as the remaining group of
later flowering lines. While the midseason culiivar Lawson was the most outstanding
line for the higher yielding environments of this study, none of the environments
favoured expression of maximum yield potential by cv. Gordon (viz. good conditions
for seed set followed by a long growing season with only moderate competition from
associated species). Highest values for s*q were obtained with Bloomsbury and Giru
but s?q was significantly greater than the pooled error (P < 0.05) for Giru only.

Subtropical Sites

There were highly significant differences between line means (P < 0.001) but the
low values for Bloomsbury and cv. Lawson and the high value for Greenvale were
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FIGURE 1

Regressions of Townsville stylo vield (square root transforms) on the environment index for eight

lines at (a) Tropical sites, (b) Sub-tropical sites. Greenvale (1), Dayboro (2), Bloomsbury (3), Calbraith

(4), Katherine (5), Coen (6), Giru (7), Darwin (8). Value of environment index for each sitefyear
combination indicated by A.

attributable to the yield values obtained at Eskdale in 1967. In view of the high
within and between plots variation observed at this harvest, and the failure of all lines
at this sife in the following season, these apparent differences in mean yield shouid be
treated with caution. Differences between regression coeflicienis were not statistically
significant, indicating an overall similarity of response by these lines to improved
environment at the subtropical sites. s2q values were significantly greater than the
pooled error for all lines except Dayboro and Coen.

DISCUSSION

The results for the three tropical sites support the earlier studies on the natural
distribution pattern and dry matter production of Townsville stylo lines (Cameron
1967¢). Early onset of plant moisture stress in March 1966 at both Normanton and
Parada resulted in low seed production of late flowering lines. As a consequence
seedling regeneration of these lines was poor in the following growing season. This
poor seed production of late lines when the growing season is short is consistent with
the pattern found in the natural distribution where late flowering populations were
confined to areas with annual rainfall in excess of 1100 mm. The regression analysis
for the tropical sites shows clearly that erect midseason and later flowering lines are
more responsive to high yielding environments than are the early lines. Similar results
were obtained by Ive and Fisher (1974) at Katherine, Northern Territory, Edye and
Cameron (1975) at sites near Townsville and in Cape York Peninsula and Cameron
and McCown (1977) at Weipa.

No relationship between flowering time and yield could be discerned at the two
subtropical sites, and the regression analysis suggests a similar yield response for all
lines in the subtropical environments. With the greater reliability of autumn rainfall at
these sites (Coaldrake 1964) the seed production of later flowering lines was not
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restricted by severe plant moisture stress. Factors which might also have acted to
reduce potential yield differences between maturity types are the lower day and night
temperatures during April and May and the delayed flowering of earlier maturity
types at these subtropical sites {Cameron 19765).

Growth habit

Although more erect than prostrate lines were included in the site comparisons,
the proportion of prostrate lines approximated that found in the natural distribution.
Yields at the subtropical sites were not associated with differences in growth habit
but at the tropical sites there was a consistent advantage for the erect lines with the
exception of the prostrate line Carpentaria A which gave the highest yield at Norman-
ton. This line was low yielding at Parada and, in another comparison at the Mackay
site, was lower yielding than the erect Katherine line (D. I. Sillar, unpublished data).
The high yield at Normanton might be attributable to the atypically erect growth of the
Carpentaria A swards at this site. Torssell (1974) has noted that prostrate components
of a heterogeneous Katherine population assume an erect growth habit when grown
in swards of high seedling density. In a three year yield comparison of thirteen lines
at Katherine, N.T., Ive and Fisher (1974) also found a clear advantage for erect lines
in pure swards which were not defoliated during the growing season.

However, prostrate lines may be favoured under different ecological or manage-
ment conditions. Burt et. al. (1973) reported an increase in the proportion of prostrate
plants when a heterogeneous population was sown at sites where the environment
was harsher than the site of origin although erect plants still predominated after two+
years. When defoliated at a height of eight cm, prostrate lines were also favoured in
mixtures by reducing the interval between cuts from six weeks to three weeks (Cameron
and McCowan 1977). At Rodds Bay in the present experiment, the prostrate lines
were at least as productive as the erect lines after grazing in 1967/8 had altered the
botanical composition of the swards from grass to legnme dominance.

General Adaptation

These short-term experiments have shown clearly that short growing seasons will
favour early maturity types and that later maturity types will be more productive than
early types in long growing seasons. The high variability in amount and distribution
of rainfall over much of the distribution range results in wide variation in length of the
growing season so that these short-term experiments cannot be used to predict long
term adaptation at particular sites. Fortunately, a clear pattern of long term adapta-
tion is revealed from the natural distribution of maturity types (Cameron 1967¢) and
these data were used in conjunction with the yield trials to support the release of the
cultivars Lawson and Gordon. In tropical areas cv. Gordon is recommended for areas
receiving more than 1100 mm annual rainfzll and cv. Lawson for areas in the 9001100
mm rainfall range. An erect, early flowering, black seeded line selected from the
Greenvale population (Cameron and Bishop, unpublished data) has also been released
(cultivar Paterson) for areas with 650-900 mm annual rainfall.

Although no clear pattern emerged from the results at the subtropical sites, all
five collections from south of the Tropic were of the early or midseason type (Cameron
1967¢). Skerman and Humphreys (1975) have shown that seed formation in the field
declines progressively with minimum temperature (r = 0.981), with complete floral
abortion at about 9°C. The seed production potential of late flowering lines, which
only commence flowering near the end of April, would therefore be substantially
reduced by low temperature over much of south-east Queensland. This suggests that
cv. Paterson or cv. Lawson should be more suited to subtropical areas than cv. Gordon.

The failure of all lines to persist in the Eskdale environment (altitude 450 m) is
consistent with earlier results at this site ('t Mannejte 1967) and with general experience
in coastal and subcoastal Queensland south of Bundaberg (ca. 25°S lat.). Neverthe-
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less, persistent populations of early to midseason maturity type are located at Gran-
tham in the Lockyer Valley, only 50 km south of Eskdale, and even further south
near Boonah (28°S) indicating that Townsville stylo may serve a useful role in some
parts of this southern region (25-28°S lat.).
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