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FRI/INDUSTRY RESEARCH COOPERATIVES

Ð(ECUTIVE SUMMARY

PRELIMINARY RESTJLTS FROM A THINNING X FERTILISER TRIAL (FR23)
ESÎABLISHED IN A 4-YEAR-OLD EACALYPTUS R.EGJYÁ¡TS STETVO

IN I(.åINGAROA FORÞST

ST]MMARY

A factorial tl¡inn&g x fertiliser trial rpas installed in a 4-year-old Eucalgptus
regnans stald located in Cpt 59 Tfmberlands Kaingaroa Forest. Fertiliser
nitrogen [N) was applied as urea at either O, 260 or 5OO WlhÃ compound, and
plots were eit}er unthinned (ca. 1667 trees/ha), or fhin4ed (to ca. sptra) a":ed form
pruned. A supplementary treatment (trntp) consisted of 5OO kg/ha partially
acidulated phosphate rock ('Duraphos'PAPR), plus 250 kg/ha urea applied to a
' htnned / fs¡ pnrned plot.

\lllhen measured 12 months from treatment date, crop trees in both 'hinned and
unthl¡ned plots showed a sþniûcant response to applied N in mean rliarnefs¡.
The diameter response to applied N irl thinned plots was signiûeantly greater
than in uathinned plots. For crop trees, mea¡\ diameter gains to urea at t¡e
lower rate were O.87 and 1.65 cm for unthinned and thinnsd plots respectivel¡
with an additional 0.14 and O.29 cm at tJre^higher rate. The gain in meân basal
a¡ea increment per crop tree r¡¡as 16.2 cmz in u¡thlnnsd plots, compared with
3O.1 cmz in thinned/form pmned plots. rWhen N rate was doubled the additional
gatut was 1.1. and 5.8 cm2 respectively. Thínning slightly but significantly
depressed mean, heþht relative to unthinned treabr ents; applied nitrogen at
either rate resulted in a small but significant Íncrease in height relatÍve to
unfertilised trees. nU¡ning x N level interaction was not significant for mean
height, but q¡as highly significa¡t for mean rliarnef¿¡ response per tree.

Urea fer[iliser at 25O kglha sigpiûcantly increased foliar concentrations of N, P,
S, Cu and Zn, but depressed levels of K and Mg in foliage samples collected a
month after treatment. Thinning depressed folia¡ levels of Mg and Cl but did not
signiûcantly a.ffect levels of other nutrients. The P inclusive treaivnent (tf nfp)
significantly increased foliar concentrations of all macronutrients relative to
the corresponding P omitted treal ent (t1n1), but had no significa¡t effect on
rni cronutrient conc eûtrations.



RESTJLÎS FROM A THIIYNING X FERTILISER TRIAL . EÍTCALYPTUS RjqG]VÁIVS

P. KMGHT AND P. ALLEN

INTRODUCTION

Following approval of an FRI work plan proposed by the Technical Cornmittee of the
Ma;'agement of Eucalypts' Cooperative o¡r 16.9.87, a fertíliser x thinning trial was established
in a 4-year-old stand of E. regnans at a site in Cpt 59, off\JVaio¡a Rd, Timberlands, Kaingaroa

Forest.

Ar¡ earlier fertiliser ¡ thinni¡g trial srith tlre same species was established in an older (7 -yea*

old) stand at ljt/aipapa in Tokoroa Forest TNZFP Ltd) by Dr M.G. l\¿[sssina (a National Research

Advisory Council post-doctoral fellow at the FRI). Urea (5OO kg/ha)) applied in recently
thinûed plots (3OO spha) elicited a strong response in both volume a:od basal area, but no heigþt;

in unthinned plots (12OO spha) there was no signiffsanl fertiliser response. Over the tlree year

period following treatment, the volumel gait' to N applied at 225 kgl]na in thinned plots

amounted to 18 m3/ha compared with a nil in the corresponcling uathinnsd ptots. The

respoûse to thinning and fertiliser ç¡ere additive.

Anot}er triaf (AI(1013) witlx IE. regnans at a site in Tairua Forest demonstrated a strong

response in diameter but no height to DAP (5OO kg/ha) applied in conjunction wittr thinnin€lat

stand 4e 2 tKnight, unpublished data). In this pilot trial no attempt rr¡as rrade to separate

effects due to &in¡ing and fertiliser.

On good sites, 8,. regnans can attain a height of at least 8 rn, by age 3 (Knight et a¿. 1989,

unpublished). For a short rotation sawlog regime (<4O years) a hea'ry, earty thinning in
conjunction with fertÍlised can be used to capitalise on special features exhibited by tJris

species. These feattrres include: rapid growth, early assertion of dominance, good response of
domiaants to release, some capacity for 'self pruning', ¿¡d rnínirnal tendency to coppice.

Furthermore, as croq¡ns of eucalypts do not interlock even in older, fully-stocked forests, this
genus is said to be "crown-sh/. The growing tips on shoots ¿rre prone to abrasion when cro\¡ms

touch during wind suray. Thus, for opfirnal growth it is desirable t]rat rapidly gro\Ã¡ing young

trees have enough room foi their canopies to e>cpand'q¡it¡out undue restriction. The delicate,

unprotected naked buds, which are a cba¡acteristic of eucaly¡rts, mahe indeterrninate, rapid
gfowtJr possible whenever conditions a¡e favourable. Excessive stoclan€ tends to encourage

height growth though intense sqrnpetitive pressure for domina-nce; under such conditions

height gfowth maybe at the erye¡rse of cliameter growth.

I gased on the TO38 tree r¡olume equation (Hunter, 1968)
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The present trial was designed to quantify growth responses to factorial combinalions of
canopies of adjacent trees have mn out of room to ex¡rand horÞontally. In Kaingaroa Forest,

stand age 4 is about the earliest stage when thinning will restore unrestricted growing

conditions.

The S-year-old stand in Cpt 59, Kaingaroa Forest was selected because of its proximity to tJre

FRI and because the site was reasonably even in terms of growth, topography and cover. One

disadvantage of this site was the hì€h incidence e of double or multiple leader trees. In view of
tJ'e pretralence of malformation, it was decided to rnake the silvicultural co'nparison one

between untli¡ned / untended and thinned / forrn pruned crops.

Woolons (1985) has drav¡n attention to the problerns associated witJr analyses of long term

fertiliser ¡ ll inní¡g eryerÍments with particular reference to Pinus. He used data from a
fertiliser t¡ial established by H.D. Waring in NSS/ in 1944 to compare four different form.s of

covariance anal¡¡sis' he concluded that tle use of basal area per tree as a cor¡ariate and response

va¡iable is much to be preferred to use of initial basal area per hectare and stocking. In tJris

study we have adopted his recornmendation for usin€ basal area per tree as cor¡ariate and have

compared effects of treatments on ma¡ked crops selected 'from belo#. AltJrough not reported

here, a record q¡as also kept of basal area per plot based on me¿Nurements of all trees in the

measurement plots made just prior f9 irnFgsing treatfnerts, and again one year later.

METEODS

SITE EßTORY

The site selected for the trial was located in Cpt 59O, Kaingaroa Forest, off Waiora Road (Fig. 1).

The 61 ha stand of E. regnans in this compartment was planted in August/September 1983 at

about 3 x 2 m spacing (ca. 1667 stems per ha). Soon a-fter planti¡g, 6O g urea was applied in a
spade slit by each tree. The eucal¡pt stand succeeded an ea¡lier crop of P. radíata (planted in
1928) whlch was clearfelled aud logged in 1982183. The soil at tJle site is a disturbed yellow

brown pumice sand. The deep pumice ash profile is shown in Fqg. 1O (p 17). The area was

windroç¡ed by V-blade before being planted with ârcaþpfns stock.

E)(PERIMENI DESIGN AND TRDATMENTS

The e:perÍmental design adopted was a randomised complete block with six blocks (Fllg. 2).

Tleatments consisted of factorial combinations of two levels of thinning, uí2. unthinned (ca.
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1667 sterrs/ha-\ a¡d thinned (ca. 6OO stems ¡r-1¡ and three levels of 
'rea 

fertilisation, uí2. O,

25O and 5OO kg urea þ-1. The thínning t¡eatments included form pruning. In subsequent
tables of data the factorial t¡eatments are shown as follows:

tOnO tOnr þn2
tfnO ttnt ttnZ
q¡here ¡tO, nl and n2 denote the rate of urea applied; and

tO and t1 denote stockíng (i.e. unthinnsd s¡ thinnsfl).

A supplementary treatment (trbrp) testing the response of phosphorus applied as 'Duraphos'

PAPR (5OO Eg na-Ð in combination with thinning and 25O kg na-t urea was inctuded in the
trial.

For ease of access a:rd uniforrnity fertilisers were applied just prior to thinning, and. were
hand-broadcast over whole plots.

Each s¡hole plot (inns¡ measlurement plot plus surround) measured 3O x 3O m (O.Og ha). The

sr¡¡rounds which were treated in the sarne way as the inner plot measured 5 m along rov¡s a¡d 6
m acrGss rows leaving a measurement plot of 18 x 2O m- The plots were interposed between
q¡indrows to avoid, as fa¡ as practicable, any uneveness in growth.

Tlúnning 'from below' was carried out from 13-14 Ja:ouary 1988. At the same time, trees
¡srnaining in the thinnsd plots were forrrr pruned by ehainsaw to a single leader. Any stumps or
wounds were pâinted with 'Captafol' fungicide to prevent lnfection with patJrogens such as

Stereum-

DIARY OF EVENTS

Fertiliser treaknents appliedr

f¡iûúng t¡eatment trnposed

Fonn pruning/fungfcide treatment of stumps

Tlee measuring (diameters and heigþts)

Foliage sampling

Remeasurement of trees

7-8 January 1988

13-14 January 1988

79-22 January 1988

12-15 January 1988

1O February 1988

2-3,7 February 1989.

f 
åhelvy ratn showed fell over the area the follor¡¡ing day dtssolving and washtng the urea lnto
the topsoil.
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As plots nearer an adjoining old P. radíata stand had appreciable young pine regeneration, it
was decided, during establishrnent of the trial, to slash the pines to make all plots more
consistent in this respect. Also, large tutu plants (Coriaría sp.) were present in many plots and
had to be slashed to allov¡ clear lines of sight for establishing plot boundaries and ready access
for uniform fertilisation. Again for consistency it was decided to cut back all we--grown tutu
tårougþout the plots.

MEASTTREMENTS

Over the period L2'L5 January 1988, dia¡neter outside bark (D) at breast height (1.4 m) was
recorded for all stems in the plots prior fq rhinningi. At the same time 19 trees in each plot were
selected on the basis of size, form and spacing as potential crop trees. Of these trees, which were
taeged and numbered for identification, twelve v¡ere randomly selected and measured for
height by means of height poles. The same twelve t¡ees were remeasured. for height orre year
later so that initial height could be used as a co\¡ariate.

Basal areal [BA) per tree was calct¡lated. as:

"o=ry
Volume function was calculated as:

\Æ' (m3) = (dbh (cm) x Hr (m)/ 1O4).

STATTSTICAL METEODS

For tlre purposes of this report, the comparison of díarnsfs¡ responses in fhi¡¡1sd ¿n¿
unthinned plots, e)aept where mortalities have occu:red, is based on 1g ragged and. numbered
trees in each plot. ln unthinned plots, 19 trees were selected 'from belou/ prior to treatment in
the same way ¿ß those selected as¡ crop trees in plots to be thinned.

I gasal area at l.4mabovegfound.
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Figure 1 : Location of Cpt 59 in Timberlands, Kaingaroa Forest
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Figure 2 : Sketch plan showing layout of trlal in Cpt 59, Trmberlands, Kaù:garoa Forest



7

The comparison of height response is generally based on 12 treesl in each plot. However where
tops were subsequently lqst, as a consequence of wind darnage from Hu:ricane (March lggg),
height data for a.ffected trees were excluded from analysis.

.As recornmended by Woolons (19S5) we have used basal area per tree as a covariate and
response t¡ariable. TWo-way anal¡æes of cova¡iance (thinning x N rate) were carried out for d.bh

OB (D)' height GIt), basat area/tree and a rrclume function (Ht x D). The covariates used u/ere tlxe
iniüal r¡alues of dbh, Ht, basal area orvolume function. The Least Signiûcant Difference ¡LSD)
testtr¡as used to separate næans.

Other response r¡ariables erramined by two-way anal¡æes of r¡ariance (thinning x N rate) were
fouar concentrations of each of 13 elements (N , p, K, ca, I\tIg, s, B, cu, Fe, Mn, zn, Ar and cÐ
determined in samples collected one month after keatrnent.

Comparison of individual nutrient levels in standard foliage samples from tJ:e t1n1 treatrnents
respectívely was by means of one-way analysis of variance (for all seven treatrnents) and LSD

6.65 test"

FOLIÂGE SAMPT,ING AI{D CEEIIfiC.åL AT{ALYSIS

Foliage samples were collected from the upper third of sunlit crown arid were frrlly erçanded
leaves of the current seasot. Three blocks (1, 3 and 5) were sampled for each of the seven
treatments on 1O Febmary 1988, i.e. ca. one month after imposition of fertiliser treatrnent.

The samples were oven dried to consta¡t weight and were finely ground i:r a stainless steel
lVileyrnill. Thirteen elements were determiaed in the samples viz. N, p, K C a, I\{g, S, B , Cu, Fe,

lv[n, Zn, Al and Cl. Nitrogen was determÍned in a micro-Kjeldahl rligest using indophenol blue.
Boron was deter:rrined colorimetrically by a moriifìed curcumin method after dry ashin€.
Other elements were deter:mined by X-ray fluorescence spectroscopy. Details of the procedures

can be found in Nicholson 91984).

I The number of trees for helght measurement was rest¡icted to 12 to keep costs to an acceptable lewl.
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RDSTJLTS AND DISCUSSION.

Densities in the trial plots prior to thinniqg a¡e listed in Appendix Tabte 1.

Although a hot dry period followed imposition of t¡eatments, an isolated, heavy rain shower
occu¡red on tbe day following application of fertilisers. This washed the urea into tfie soil a¡d
should have efrectively prevented any serious risk of volatilisation.

As the incidence of multileadering was high in the trial area (^Appendix Table 6) it was decided

to combine for:m pruning q¡ith tJre thinning operation. Any trees which were multileadered.
ftom below breast height (1.4 m) were pruned at time of thirining, leaving only the best singte

leader. In this trial, tb.erefore the effects of fiorm pruning a:ed thinning are confounded.

Although no record uras kept of ca:ropy depth, it was very obvious to the eye when measuring
trees one year later, that urea fertilised trees in thinned plots had appreei:ably greater depth of
crown 'ha¡ in unfertilised t}inned plots. When ¡sso¡rling diameters it was also apparent rhat
for individual trees, diameter increment was generally related to the iriitÍat diarneter.
Subsequent statistic¿1 ¿nalysis showed tlat initlal diarneter and height were highfy
significant as cova¡iates for diameter and height measr¡red on year l,ater. Similar trea'nent
efects, i.e. accelerated canopy development (increase in foliage mass) and a tendency for larger
diameter trees to grow faster in diameter, have been reported by Mead et al. (1984) from a
thinniqg x nitrogen fertiliser trial in a yourg Ptrurs radidø sta¡rd.

\ühen measured 12 months from the date of imposition of treatments, the average ct.¡ameterl
gains to N1 (urea 25O k8/na't¡ on crop trees were O.87 and 1.64 cm in unthinned and

thinned/form pruned plots respectively (Table 1). These are equivalent to me¿ur. basal a¡ea
increments per tree (at 1.4 m) of 16.2 and 30.1 cm2 respectively. rwhen tle N rate was doubled
(Nz:5OO þ urea ha-l), diameter gain over tJre N1 level was significantly inereased in thinned,

but not in unt}inned plots. However the additional gains amounted to average increases of
only O. L4 and O.29 c¡n in diarnete¡, ie. 1.1 a.nd 5.8 crn23¡* basal areas per tree respectively.

I At bneast heþþt (1.4 m)



I
TABLE 1 ' Mea¡rs Separation by LSD test (for factorial 2-way a.nocovars)

(a) Diameter at breast heigþt þ)Height' (c) Basal area per tree; (d) vól. funcuon per tree

(a) DlaÍreter at búeast heigþt (an)

ltI I MEAN DIAMETDRITREEttI I 

----ü'--'------*;--------";;-- --"-\,r;;;----

t - -- -- - -- --- - - - - -- - - + -- - -

It,o {untninneat I f0€93 ffnfb_____::eZ¡ tl.sob

l,r lrnt",""al I ro-zz" JuLLa r2.ræ 1l.e6a

f nae.o I ro.zg Lr.st LI.LB 1r.6g

I I rESr-[#;---.8;;;;;;-éis
t 

- -- - -- - - - - -- - -+ -- - -- - -- - -

I Thinning I O.ts+ <.Ool'*

I 
r,u t.rr"r I o.tæ <.0o1*

I lnteractionl 0.257 <.ool*r

(b) Eeigþt (m)

LSDo.oS Ft.F Sig.

I

I nme¡¡ EETcHT
I
l -----"'-"-
I *o N1 N2 Mean

- "-'--t"-"
to (unthinned) | 1O.SZ 1A.74 10.84 LO.z@

I

t1 (thínned) I 10.14 10.66 10.36 1O.39b
IMean I IA*?¡l 1O.7O 10.60 10,54

Thinning
N level

Iûteraction

o.150 <.oo1rr

o.190 <.002*r

4.273 O.110ns

(c) Basâl ûea per tree (cmz)

MEAN BA/TREE

N1 Mean

9.?Ja gau---lo¿¡ 1o4.gb

g5¿a 125-Í!b l3tJa rlz.2
94.2 ' 117.3 120.8 110.?

Ng

I

_L_

I so*"u
t--_-_______-__-

lrninnins
I N level

I lrrt"r".uort

TDSl

ISDO.os Pr.F Sig.

tO (untlinned)

tr (thÍnned)

Mean

2.97

3.46

4.89

<.001rr

<.001rr

<.001i*
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(d) Volume functlon per tree (cmz)

MEAN VOLT]ME FT'NCTIONi TREE

Ng N2N1 Mean Source

Thinning
N level

Interaction

Pr.F Sig.

<.oo1r*

<.001rr

0.003**

t4 (unthinned)

tr (tf¡inned)

Mean

qffib------oJ69u

o.191a O.1g6a

0.180 0.182

0J3ga

o.1384

o.138

o.158b

o.1754

o.166

o.0065

o.0079

o.o111

There was no sþnifi.cant interaction between thinning and N level for mean height. Thiryting
significantly depressed height growth but only, on average, by O.31 m (less 'har' 3Yo of total height).

Such an effect is not unusual i¡ fþinning trials as t¡innin8 tends to reduce th.e cornpetitive pressure

for individual trees to gain domínance. The nitrogen effect on height was positive with ¿ small þul
signiffcatxf increase up to the N1 level. Doublir4¡ the N rate did not resr¡lt in any fr¡¡t]rer increase.

fn¡rning and N ferüliser effects on mean volume function per tree show a significant interaction.
Thinnins by itself did not a-ffect volum.e function. Urea at 25O kg/ha, with or without thinning
sigpiñcantly increased volume function, but doubling the rate of urea did not resrrlt in any further
signiûcant increase. The gain in volume function to urea alone was O.O3O m3/tree, compared with
O.O5g mS/tree fs rhinning-plus_urea.

Tleatment tlntp, which combined P (as partially acidulated phosphate rock (PAPR) at 5OO kg/ha)
q¡ith thinning a:rd u¡ea (25O kg/ha), did not increase mean dbh ba/tree or vol. function/tree relative
to tle corresponding thinning and urea only (trnr) treatment, but did depress mean height by a
significant small rmrgín.

TAB[,8 2 - Grourth respoûse to applied P " Comparison of T1N1 and T1N1P treatments
(from one-way ânocovars with means separation by lSD6.65 test)

Treatment

VARIATE

Mean height
(m)

Mean dbh
(cm)

Mean BAltree
(cm2¡

Mean vol/tree
(m3)

ttnt
trbrpr

10.654

10.37b

12.4æ

12.4F

125.24

t%L.64

0.19874

o.18084

LSDO.OS 4.5o.26 o.2/L 104
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The resrrlts of two-way arralJæes (thinnrng x N level) of r¡aria¡ce for individual elements in standard
foliage samples collected one month after the imposition of treat¡nents are presented in Append.ix

Table 4. The results show that foliar N, P, S, Cu and Zn were significantly eler¡ated by urea
fertilisatíon, but that doubling the r¡rea rate díd not result in a fr:rthe¡ siÊ¡nific¿urt increase.

By contrast, foliar K and lVIg concentrations were signrffç¿¡ü" depressed by urea application at tle
higher rate. ntming signinsangt decreased folia¡ Cl and Mg concentration. Significant
interaction effìects of tlinning x N level were recorded for P and K only.

The effect of including a P source with the tbinning/urea {25O kg/ha) combination on individual
foliar levels ea¡ be seerr in Appendix Table 5. becluding a P sou¡ce signiÊcantly raised levels of the
macronutrients, but had no effects on levels of micronutrients.



FÍg. 1 : Treatr't,=nt effects crr l4Êärì
(wiilr ¡rean dbh 1988 as covari¡te)

16

t4

1e

t0

I
6

4

¿,

0,5 I 1,5

åtcapl ied nitrcgen

clkrh t ËÐ

E
U

J:
-0'ìl

c
r0

ût
E

2,

lewel

Fig. 2: Tr*eatrúent effects ot.r rrìËErì EA/tree
1989 (tliih me¡n ba¿'tree '88 ¡s covar' )

fft
E
U

r¡l

ûJ

t
{J

<T

Ê

c
r[
0
E

160

140

1e0

t00

BO

60

40

20

0

t.....-f
E-0

unthinned (t0)
thinned (tt)

0,5

apF I ied

r 1,5 2

nitroEfen Ievel



E

+
-c

C
ilI
ül
E

Fig.3:Treatrnent effect= Õn F1eãn ht lg€g
(with ne¡n hi 'BB as covar, )

L4

1e

t0

I

6

+

2

0

e, 50

2, 00

1,50

t,00

0,50

0

fEltTHs

t'-""f unthinned (t0)
0-0 thinned (tl )

0,5 1,5

f"-'.'l unthinned (t0)
0-0 ihinnËd (il)

0.5 t 1,5

appt ied rritrcgren level

Fígt. 4 : Tr.eatr'rent effects on rfleår-l vt: l,/tree
1989 (with meEn vol/tree 'BB ¿s cov¡r,)

2,5

tî
t

rü

üt
+

tl

C
rll

ût
E

eppI iecl r-ritr-agæn IeveI

2,5



Fig. 5 ¡ Ef f ect of app I iecl p orr grrrwth
veristrs (1989 with l9BB es covar,)

trl
F
H
z
f

20

18

16

14

1e

t0

I
6

4

?

0

N

c
u
ct
U

z
t
I
.-t

0
ll-

3,50

3,00

2, 50

2, 00

1,50

1,00

0, 50

0

heighi dbh baxl0-l

VAR I åTE

volx 10!

Fig.€ :Effe.=t of l''l r.=te orr fclliar* I'l
concentnetion in Herch 1989 samples

1"""'l unthinned (t0)
0-0 ihinned (t1)

0 50 100

f.IITR0GEN APFLICATIÐlrl

150

RATE

200

( KG./HA )

250



unthinned (t0)
thinned (ti)

Figt. 7 ! Effect of N ret e orr fc: l i ar p
concentrEtion in lulErch lggg ser,rples

.\

c
(J

E
o
U

0-

É.

rll
..t

t
h

1,80

1,60

1,40

,,,20

1,00

0,80

0,60

0.40

0, a0

0

15Q e00

N I TRtf GEþl AFFL f CAT I Ðf.{ EATE ( I{G¡.HA )

Fig. I : Relatlonshlp between foltar N and rate of applted nttrogen

,:J"U

r
tl
t,

N

J.!Êl

+--
.,.

1'
.t.

t:

ï
i:

ï
l
ï
J:

T

t:

T

l.
ï
.t.

l.

+..-. .{"

:t

l:
l:

;t:

]:

l:

ï
l:
ï
ï
ï
,t

.t

l:
1:

ï
l:* ., 

t::[,,., iT4 
r:

l:r"r ï I
.t.

.'- + -- -- *'-- *..- + * ** ,- !...r!...! .-..ú.à..-.1.-_

.L ii\J .

'tPP N

il Lttì "



Figure 9 : View of the 4-year-old Eucalyptus regnoins stand in Cpt 5g, Kaingaroa Forest

Figure lo : soil profile exposed in a road cutting in cpt sg, Kaingaroa Forest



Figure 11 : View inside an unthinned trial plot

Figure 12 : Form pruning trees in a thinned plot
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CONCLUSIONS

In a productive young (4-year-old) E. regnans stand grou¡ing on a yellow-brown purnìce soil,
thinrríng (to 6O0 spha) and urea fertiliser treat¡nents interacted to give a large diameter response in
the first year after treatment. The lower urea rate (250 l!g/ha) gave 85% of the cliarneter gain given

by the higher rate (5OO kg/bâ) urea. The combination of tlinning and urea fertiliser (2bO or bOO

kg/ha) increased mean diarneter by 1.64 and 1.93 cm respectively. Urea fertitiser alone gave gains

of 0.84 a¡d O.98 cm respectivel¡ te. rou¡ltrly half the gaÍns from tl innin€lplus fertiliser. Thinning

alone díd not significantly increase diameter.

Applying parüally acidr¡lated phosphate rock ('Duraphos') at 5OO kg/ha togetJeer with urea in
fhínnsd plots had no additlonal effect on mear diarneter. The P source significantly depressed

mean heíght by a srnall margin.

The tlirrning x urea fertiliser combínation stimulated dia'ræter increment at tJre eq)ense of height
growth. Such an effect cor¡ld be eryected ¿s, thínning effectivelyreduces the competitive pressure on

trees to gain dominance.

Standard foliage sañples collected in February one month after treatment showed that urea
fertiliser had significantly increased foliar levels of N, P, S, Cu arrdZr-, but had depressed levels of K
and Mg; levels of other nutrients were not sígnÍfÌcantly a-trected by urea fertilisation. Thinning
significantly decreased levels of Mg and Cl in the foliage, but did not sigpiûcarrtly affect levels of
other nutrients determined. Thinniúg x N level Ínteraction vzas only signiûcant for P and K. The P-

inclusive treatment significantly increased foliar concentratÍons of macro- but not rnícronutrients

relative to tlose for th.e corresponding 'hinninglurea only treatment.
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(l)

.âPPEI\IDf,K TABI,E 1

STOCKNG.AT TIME OT THINIIING

Tleatment

Btock (trees per plot)

I 2 3 4 ð 6

(1) tono
(2) to nr
(3) to nz

(4) tr no

(5) tr nr
(6) tt nz

(7) tr nr p

per plot) ----,

48

51

45

51

48

47

M

46

36

44

43

42

38

52

4L

n
52

ß
47

49

ß

4
46

45

45

47

ß
50

45

50

48

44

47

46

46

47

Æ

44

50

48

49

51



(ii)

.åPPEI\TDf,K 2

SI'MMARY OF EETGET (ET) ¿¡VO DTAMEÎER (DBE) MEATVS

BTBI.OCKAND TRE¡TIMEI{T FìOR :

(Al rgeS FRErrcmnûF,vr)
F) rg8g (12 MO¡rTrrs LlxrrR)

(a) 1988 tllfeans

DBE (cr¡)

Block I 2 3 4 o 6

îleat¡rrent

to no

to nr
to nz

tr no

tt nt
tt nz

ttnrp

10.953

9.4€r9

10.379

9.O16

10.o89

9.005

9.468

ro.379

9.L47

9.958

9.026

9.589

8.379

7.86.3

9.258

9.337

9.200

9.974

8.795

8.747

10.184

9.674

8.826

8.468

9.484

9.L2L

8.953

8.547

10.o53

9.653

9.679

9.I74
9.821

9.505

9.695

9.295

9.358

10.205

10.1 16

8.æ2

9.537

to.r47

Et (m)

Block I 2 3 4 o 6

lleatment

to no

to nr

to nz

tt ro
tt nt
tt nz

trntp

9.125

8.767

8.850

8.283

9.L42

8.,tO8

8.550

9.258

7.Æ3

8.917

8.150

8.583

8.300

8.333

8.108

8.425

8.300

9.233

8.650

8.433

9.233

8.425

8.408

7.5L7

8.108

9.OO8

8.r75
8.O58

8.758

8.550

8.650

8.192

8.858

8.608

8.*2

8.700

7.850

8.100

8.408

7.7r7

8.958

7.950



(iü)

(b) 1989 Means

DBE fcln)

Block 1 2 3 4 :t 6

Tïeatment

to no

to nt
to nz

tr no

tt nt
tt nz

trnrp

12.24

1r.86

L2.62

LO.27

13.07

13.02

L2.49

11.52

11.45

L2.27

10.71

r2.50

tL.73

LO.87

ro.35

r 1.39

11.46

11.21

11.50

11.64

13.13

10.94

10.89

11.00

ro.76

12.O9

12.31

11.62

TL.42

11.48

Lt.67

10.34

12.92

L2.62

12.81

LO.22

r 1.29

12.O5

11.38

11.79

12.59

12.87

IIt (m)

BIock I 2 3 4 Ð 6

Tleatment

to no

to nr

to nz

tr no

tl nt
tt nz

trntp

10.95

11.O8

T,L.Y

9.53

11.O8

10.29

1o.19

11.20

9.66

TL.24

10.05

1.O81

10.51

LO.27

10.G3

10.68

10.57

10.94

ro.87

10.08

11.47

10.59

10.34

9.76

9.63

I 1.15

10.43

9.74

r 1.o3

10.83

11.13

9.92

71.27

LO.44

10.37

LO.77

to.47

10.37

10.26

9.82

ro.42

9.98



(iv)

APPENDf,K 3

SI'MMARY OF BASAL.âREA PTR TREE A¡ITD VOLI'ME FT'NCIION PER TREE
gTEI.OC.K.AIIID TREATMEI{T TIOR :

(A¡ 19Bg (PRETREåfirIE¡ùT)

(s) 1989 (l2MONTIIS LIXTER)

(a) l988llfeans

BA/T¡ee (cm2)

Block 1 2 3 4 it 6

îleatment

fo no

to nt
to nz

tr no

tt nt
tt nz

trntp

98.95

74.28

86.78

67.37

81.69

69.18

73.O9

90.10

73.48

80.33

68.52

73.87

56.99

50.26

7L.78

70.80

68.94

80.75

63.67

62.53

84.O2

76.98

63.58

58.93

72.42

68.10

&.90
59.74

81.89

76.52

75.47

67.55

76.84

73.59

76.73

69.70

7r.72

84.58

83.37

59.80

73.4I

83.32

tvolune Functlon/llee

Block 1 2 3 4 Ð 6

Tleatment

to no

to nI
to nz

tt no

tt nt
tt nz

trntp

1291

1037

ttbz
7U

1088

940

892

1293

829

1071

811

888

699

431

944

820

785

1083

827

791

LO78

888

7æ

545

848

867

724

673

1009

866

918

749

898

752

860

829

816

87r
1016

æ2

928

907



(v)

(b) 1989Mea¡rs

na/t¡ee(c¡n3)

Block 1 2 3 4 Ð 6

Treatment

to no

to nt
tO nZ

tr no

tt nl
tlnz
trntp

123.8

116.8

L27.4

87.O

136.7

140.1

126.3

109.7

113.3

121.3

94.6

125.9

112.3

95.7

89.8

LO4.7

106.3

102.8

108.4

110.9

139.O

98.8

96.5

98.1

94.5

118.1

121.6

ro8.9

106.1

r08.8

108.9

86.3

134.1

130. r

L32.2

84.r

105.4

117.O

106.1

111.3

128.9

132.5

lvolume Functton/Tree

Block 1 2 3 4 Ð 6

Tleatment

to no

to nr

to n2

tt no

tt nt
tLnz
trnrp

1988

2069

2tL7

1r35

2t75
2243

L827

1860

1591

2019

1337

r877

L782

1466

TM2

1527

r582

L622

1750

L676

2189

144L

1434

IITL
1363

1892

1758

1469

1643

1555'

1658

I 129

2055

1665

1804

1223

1623

1559

1597

1500

1891

1709

1.
vol function=-fõ--m3



(vi)

.APPENDf,K TÁBI,E 4

MEATY CONCEIìITRATIONS OT 13 TT.EMENTS IN FOLIåGES^âMPI,ES COIJ.EICIÌED

IN îRIAL PI,OTS I MONTE.åFIER IMPOSITION Or IREAIIifiENTS. TIO(ìgrEDR WffII
RESLLIS Or 2-WAY ArtIåLnSES OF VARrA¡|ICE (T:Err{NrNc x N LEVEL}

.AIITD L,EAST SIGNIFIC^âTìIT DIFFERENCES

FollarN (oé OD wt)

TREATMENT Ns

t" (unthinned)

tr (thinned)

Mean

te (unthinned)

tr (thinned)

Mean

FoltarP (oó OD wt)

N2TREATMENT Nq N1

1.48

1.43

1.45

o.110 a

g

o.119

-ï-'---
2.32

2.37

o.149 a

a

N2

2.42

2.58

o.134 a

Q.152 a

2.O7

2.L3

2.LO

o.131

o.138

o.134

FoltarK (oó OD wt)

N1TRTAÎME¡ÛI

te (unthirrned)

t1 (thx:ned)

Mean

N2



(vii)

Folla¡ Ca (o¿ OD wt)

N2TREA:[MENT

t" (unthf:rned)

tr (thinned)

Mean

TREATMENÎ

te (unthinned)

tr (thinned)

Mean

N9 N1

o.580

o.548

o.564

o.231

o.224

o.558

o.570

o.564

o.598

o.491

0.545

N2

o.22r

o.193

o.207

o.579

o.536

o.558

0.2244

0.20.7b0.207 p

o.216 ]_l

FoltarlÍg (0,6 OD wt)

---:_'-

o.22L

o.2M

o.o71

o.086

o.L22

O.210 ns

O.85O ns

O.339 rn

TREATMENTT

to (unthinned)

t1 (thinned)

Mean

Folta¡ S (oó OD wt)

N1

O.TL7 o.r09

o.115

o.112

o.009

o.o12

o.o16

to (unthinned)

tr (thinned)

Mean

-I:
57

77

67



TREATMENT

tq (unthinned)

tr (thinned)

Mean

TREATMENT

te (unthinned)

tr (thinned)

Mean

lREATMENÎ

to (unthinned)

tr (thinned)

Mean

(viii)

Folta¡ Ct 1o6 OD \rt)

o.382

o.305

4.344

Foltar B (ppm OD wt)

o.392

o.356

o.374

.-):--
0.355

0.345

o.350

N1

0.376 a

0.335 b

o.356

15.3

L7.O

16.2

---ï-'--

15.3

L5.7

15.5

14.3

15.3

14.8

4.7

5.r

15.O

16.O

15.5

4.4

4.5

4.5

N2

Foliar Cu þpm OD wt)

N1
.)-:--

3.6

3.6

3.6

4.9

4.9

FoltarFe þpm OD wt)

LSD o.oS Pr. F Sfg

15.9

19.5

27.5

O.903 ns

O.1O1ns

O.567 ns

to (unthi:rned)

tr (thinned)

Mean

)-'-

57

65

61

sotrRc,E

OF
'ARIâ,TION

N ler¡el

Interaction



(lx)

Folt¡rlllln þpm OD wt)

TREATMENT Nq

1299

1339

1319

--)-'--
1236

1333

L285

1557

L249

r403

13&
L3A7

1336

N2

ts (unthtnned)

tr (thi:rned)

Mean

inning

N level

Interaction

I,SD o.oS

I.23

1.50

2.r3

i...1_Ì.Y.

O.439 ns

o.o20 *

O.223 ns

FoltarZn þpm OD wt)

to (unthinned)

tr (thinned)

Mean



.âPPENDIX TABLE 5

COMPARISON OT MEAI\T CONCENTRATIONS OF 13 EI,EMENTS IN NOLT¡CE S.âMPI,ES FROM THINNED PIOTS WITII

(A) UREA ^âND P¡qRTIAL;LY ACIDT]LI\TED ROCK PHOSPIIATD APPLIED; .{I{D

[B) T'REA ONLY.APPLIED;

SAMPI,ES WERE TA¡(EN 1 MO¡TTH ^åIryER TREATMEIYT

Note : values tn the same column with dlfferent superscrtpt letters dtffer signtficantly at the 50lo level (LSD test)

x

Treatment

o/o ppm o/o

N P K Ca Mg S B Gr Fe Mn Zn A1 cl

ttnl
ttnrp
ISD o.,os

2372b
2.6544

o.224

0.134 b

o.187 a

o.o22

o.63

o.7L

o.r2

o.57 b

0.69 a

o.11

0.204b

0.227 a

o.o23

o.116 b

o.159 a

o.o16

t5.7

r5.7

2.O

4.9

4.6

L1

65

69

25

1333

r378

413

t7.7

18.3

2.O

77

73

30

o.305

0.336

o.o74



(xi)

APPEI\TDf,T TABI,E 6

PERCEìIì¡:TåGE OT MTILTIPI.E OR DOI]BI.TI,EADERED TREES

BY TREATMEIYT AIITD BIÐCK

NOTE : Means bracketed by verttcal lines do not differ significanfly at the 5olo level

Treatment

BI,OCK

r23456
Treatment

Mean
Untransformed

After
Angular

Transformation

tçng

tonr

to nz

tt no

tt nt
ttnz
ttnrp

o/^

4L.O

36.7

37.6

32.L

34.9

35.1

40.5

39.8

37.2

37.7

34.5

36.O

36.1

39.3

35 39 45 õ2 36 38

28433331ß4f,
33ß44433127
28 30 36 33 36 29

26.3426602638
2L Æ 40 30 ,tS Sl
2L&ó4522635


