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PINUS RADIATA GROWTH BENEFITS FROM SPOT
WEED CONTROL IN KINLEITH FOREST
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Forest Research Institute, Private Bag 3020, Rotorua
ICHH Forests, P.O. Box 648, Tokoroa

ABSTRACT

The effects of combinations of area treated with herbicide and
duration of spot weed control on radiata pine (Pinus radiata D. Don)
growthwereexamined. Twoyearsafter planting, largedifferencesintree
volumewereattributabletotreatment evenintreesthat had received only
first year weed control. After three years, height and diameter growth
wereboth greatest wherecompl eteweed control had been maintained for
at least 2 years. Themost practical treatment for thissitewould beaspot
diameter of 1.6 - 2.0 m, maintained weed-freefor at least two years.
Keywor ds: weed control, competition, spot spraying, herbicide, Pinus
radiata

INTRODUCTION

Spot herbicideapplications, inwhich only alimited amount of ground areaaround
individual trees is treated, is a widely accepted practice during radiata pine forest
establishment. Spot spraying ismost appropriate on sites covered predominantly with
herbaceousvegetation. Two important management i ssuesrel ated to spot sprayingare
definition of (1) theoptimum treated area(or spot size) and (2) the optimum duration of
weed control. These factors dictate the proportion of a site that has to be treated, the
number of timestheapplication must berepeated and thereforetheamount of herbicide
required.

To date, no generally accepted conclusions have been drawn about the area and
duration of herbaceousweed control for optimum radiata pine growth and survival in
New Zealand (Balneaves 1987; Balneaves and Henley 1992; Clinton and Mead 1990;
West 1984). The most cost-effective and environmentally-acceptabl e treatments will
vary withlocal soil type, climate, and competitor species(Richardsonetal. 1993). This
paper presentsradiata pinegrowth datafrom atrial designed to definethe optimal area
and duration of weed control for ahigh elevation sitein Kinleith Forest in the Central
North Island. Treatment effectsafter thefirst year have beenreported by Richardsonet
al. (1996). Results after the second and third years are described here.

METHODS

Thetrid site,inanareaof Kinleith Forest fromwhichradiatapinehad beenharvested
in 1992, was 584 m above sealevel, and located on alight, pumice soil. Mean annual
rainfall was 1585 mm. In January 1993, the sitewas broadcast-sprayed using amixture
of glyphosate(3.2kg/ha); metsulfuron (0.1 kg/ha); an organosiliconesurfactant (Silwet
L-77, 0.3 litres/ha); and a foaming agent (Delfoam (Y ates NZ Ltd), 0.35 litres/ha).
Radiatapinewas planted at a6 x 6 m spacing in August 1993, and in October 1993 the
sitewasoversownwithamixtureof 10 kg/haannual ryegrass (LoliummultiflorumL.),
3 kg/halotus (Lotus uliginosus), 1.5 kg/ha browntop (Agrostis capillarisL.), and 1.5
kg/hacocksfoot (Dactylisglomeratal .). Experimental spot spraying was undertaken
each spring by forestry contractorsusi ng aherbicidespray mixturecontaining hal oxyfop
(0.5kg/ha), clopyralid (0.6 kg/ha), and simazine (10 kg/ha).

Treatments were applied to single-tree plots. An originally planned randomised
block designincorporating 30replicatesof 11 treatmentshad to beabandoned duetolack
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of precisioninachievement of the specified spot diameters. Thel ongest axisof each spot
and also the axis at right anglesto it were measured each year, the mean of these two
valuesbeing used to represent the actual spot diameter. Diameter valueswere grouped
into spot sizeclasseswithineachyear of application. Each combination of spot diameter/
duration wasreplicated 6 - 123 times. Table 1 shows the treatment combinations that
wereavailablefor assessmentin Y ears2 and 3. Treatmentswith spot diametersgreater
than 3 mwerereferred to as* completeweed control”. Inthewintersof 1995 and 1996,
thevigour of eachtreewasscored onascal eof 1 (healthy) to5 (moribund), usingasystem
designedtoincorporateall visibledisorders. At the sametime, tree height and ground-
level stem diameter were measured. In thethird year, broom cover withinaradiusof 1
m from each tree was estimated.

Theeffectsof treatment ontreesurvival and growth characteristics (height; diameter;
volumecal cul ated asthesquareof thediameter multiplied by height) weredetermined using
analysisof varianceand aleast significant differencetest usingthe SA Sstatistical package
(SAS Institute Inc., 1987). A natura logarithm transformation was used to stabilise the
varianceof thestemvolumedata. Initial treesizewasincluded asacovariateinall analyses.
Percentage broom ground cover and tree health were used as covariatesin the third year
only, when broom (CytisusscopariusL .) wasobservedin somepl otsand alimited amount
of defoliation by Helicoverpa armigera (Hubner) was noted.

RESULTS

Treegrowth and survival

From the second year, tree height, diameter and volume were influenced by
treatment (P=0.0001 in all cases; Table 1). Diameter was affected to agreater extent
than height growth. Inthe second year, treevolume was greatest where compl eteweed
control had beenachieved over thefirsttwoyears. Theabsenceof asignificant difference
betweenthi streatment and compl etecontrol for oneyear wasconsideredto bean artefact
related to thelarge standard error associated with asampleof only 6 plots. Treevolume
wassimilar whereoneyearscompleteweed control, or 1.6-3.0mdiameter spotshad been
maintained for one or two years. Tree volume was minimised with no weed control in
thefirst year, irrespective of second year treatment.

TABLE 1: MeanPinusradiataheight and diameter growth for each year of the
experiment after spot applicationsof herbicide.

Spot diameter classes(m) appliedin: ~ Number Height Diameter Volume

1993 1994 1995 of plots (m) (mm) (cmd)
Winter 1995
0.0 0.0 - 91 0.89ct 15.3e 334d
0.0 >3.0 - 18 0.83c 15.2de 287d
0.1-15 0.0 - 67 0.93c 17.8d 401c
1.6-3.0 0.0 - 59 1.01b 20.7c 525b
1.6-3.0 1.6-3.0 - 64 1.08b 22.8b 674b
>3.0 0.0 - 6 1.17ab 23.0bc 656ab
>3.0 >3.0 - 87 1.18a 28.1a 980a
Winter 1996
0.0 0.0 0.0 91 1.68d 32.2d 2224c
0.0 >3.0 >3.0 10 1.64cd 34.8cd 318ic
0.1-15 0.0 0.0 67 1.74cd 34.1d 2538c
1.6-3.0 0.0 0.0 59 1.81bc 39.8bc  3374b
1.6-3.0 1.6-3.0 0.0 58 1.91b 42.5b 4359b
>3.0 >3.0 >3.0 87 2.10a 54.6a 8674a

1V aluesinacolumnfollowed by thesameletter arenot significantly different at the 5%
level according to Fisher’ sProtected L SD test.

Inthethird year, growth trends observedin the second year were maintained. Tree
volume was greatest where complete weed control had been achieved over the three
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years and was approximately double that of the next best treatments, complete weed
control for Y ear 1or Y ears1and 2.V olumewasminimised by noweed control over three
years, noweed control inthefirst year followed by completeweed control fortwoyears,
or by asmall spot diameter maintained inthefirst year only (Table 1).

Tree health score (affected mainly by defoliation caused by H. armigera) (P =
0.0001) and broom percentage cover (P < 0.05) were significant covariatesin Y ear 3.
Analysisof covariance revea ed astrong treatment effect on defoliation (P = 0.0001),
which tended to be most pronounced where the intensity of weed control was |least.
Broom, whichgrew significantly in'Y ear 3, wasshownto haveanegativeeffect ontree
growthif it wasgrowing in close proximity.

DISCUSSION

The small gain in tree growth observed one year after planting in complete weed
control treatments (Richardson et al. 1996) suggests that factors other than weed
competitionwerelimiting growth. Second year resultsindicated agrowth benefit from
firstyear weed control that wasnot detected until theend of thesecondyear. Thisdelayed
growth benefit could have resulted from a short period of reduced competition in the
second year or may havesimply represented slow responseto treatment during thefirst
year. It is clear that short term growth trends must be treated with extreme caution.
Balneaves and Henley (1992) reached a similar conclusion from atrial in the South
Idand.

Table 1 showsthat omission of weed control in Year 1 caused growth |osses that
were not overcome by treatmentsin Y ears 2 and 3. Timely treatment is clearly of the
utmost importance. Although West (1984) suggested that on moist sitesin the Bay of
Plenty, oneyear weed-freewould berequired for most cost-effective management, his
resultswerebased onamaximum spot diameter of 1 m. Thisisnot alwayssufficienteven
for thefirst year after planting (Richardsonet al. 1996) and further benefitsresult from
second year weed control.

Noreliablebasisfor predicting theoptimal spot sizeintermsof end-of-rotationtree
growth gainswassuggested by thisstudy. Height and diameter growth after 3yearscan
be maximised by complete weed control maintained for at least 2 years, but thiswill
counteract benefits from oversowing cutover sites (Richardson et al. 1996; West and
Dean 1995) and will increasetreatment costs. At theKinleith site, small spotslessthan
1.5mdiameter appliedinthefirstyear produced only small growth benefits. Increasing
spot sizeto 1.6-3.0inthefirst year resulted in significantly greater volume growth and
repetitioninthesecond year caused afurther growth benefit although not astatistically
significant difference. In order to balance treatment costs against growth gains and
benefitsfrom oversowing, the most practical recommendation for typical tree spacing
(around 3x 4 m) wouldbeto apply aspot of between 1.6 and 2.0 mdiameter and maintain
it weed freefor at least two years.
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