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FRI / INIX]STRY RESEARCH COOPERATIVES

EXECUTIVE SUMMARY

RESPONSE TO THINNING AND NITROGEN FERTILISER IN YOUNG
EAC.{LYPIUS R.EG]VANS IN KAINGAROA FOREST

A facto¡ial lhinnìng x fertiliser trial was installed in a 4.5-year-old ùrcalgphts regnnns stand
located in Cpt 59 Timberlands Kaingaroa Forest. Fertiliser nitrogen (N) was applied as urea at
either O, 115 or 23O kg N/ha, and plots were either r¡nthinned (ca. 1667 t¡ees/há), or thìnned (to
ca 6OO sPha) and forrn pruned. A supplementary t¡eabrrent consisted of 75 þ Pi ha in tle fonn
of partially acidulated phosphate rock ('Duraphos' PAPR), plus 115 kg/ha N applied as urea to a
thinned/ form pruned piot.

When measured 2 years a.fter t¡eatment crop trees in both thinned and unthinned areas had
responded significantly to applied N in mean rtiameter, average height, basal a¡ea and volume.
Qrop tree diÂrneters increased by 5.6 cm and 3.5 cm over 2 yearc at the low rate of applied N in
thinned a:rd unthinned treatments, respectively. þe¿þlingi the rate of N signiûcantly increased
rliarnel¿¡ and mean tree basal area increments in ¡þs thinnsd treatments but not j¡ u¡thinnsd
areas. Thiruling significantly increased mean crop tree volume increment but additionâl N did
not. Height increment was not affected by additional N or by rhinnirrg. The N rate x fhinniqg
interactÍou ¡¡r¿s signiffca¡t for dia:rreter, mean tree basal area and volume increments but uoi
for height.

On a stand basis the T1N1 treatrnent (thinngd/ 115 kg N/ha) produced 8O7o of the basat a¡ea and
volr¡me increases of the corresponding unt}inned {Td,Iil treatrrent.

However t-his growth was concentrated on fewer stems resul'{ng in larger trees than in the
¿¡xfhinngd afg¿.

The nut¡itional st¿tus of all treatments was very simila¡ in 199O and suggests Lhat any
ad-vantage provided by tJee urea applications has now disappeared. On this basis growtlx rates of
all treatments could be expected to parallel each other eventually without further nutritional
input.



INTRODUCTION

Following approval of an FRI work plan proposa-i by the Technical Committee of the
Management of Eucallpts'Cooperative on 16.9.87, a decision was made to investigiate the
efÏects of thinning and fertiliser on the growth of young Eucalgpttts regnans. The rationale
behind this dssi5¡on has been outlined in Knight and Allen (1990). Evidence for growth
responses to N fertiliser with tJrinning came from an earüer trial in 7-year-old E. regnans

Glunter 1986).

The present trial was designed to quantify growth respoú.ses to factorial combinations of
thinning and fertiiisaüon in a productive young E. regruns stand, at a stage u¡hen canopies of
adjacent t¡ees have mn out of room to e4and horÞontally. In Kaingaroa Forest, sta:rd age 4 is
about the earliest stage when ùinning will restore unrestricted growing conditions.

In summarisíng prelininâÐr results Knight and Allen (1990) found that thinning (to 6OO spha)

and u¡ea fertiliser treatrnents interacted to give a large diameter response in lhe first year after
treatment. The lower urea rate (25O kg/ba) gave 85o/o of the rliameter gain given by tJre hiøher

rate (5OO kg/ha) urea. The combination of thinning and urea fertiliser (25O or 5OO kg/ha)
increased mear¡ diarneter by 1.64 and 1.93 cm respectively. Urea fertiliser alone gave gains of
O.84 and 0.98 cm respectively, i,e. roughly half the gains from tJrinning plus fer[iliser.
tltitutng alone did not signiffs¿afly increase diameter.

Applytn€ partially acidulated phosphate rock ('Duraphos') at 5OO kg/ha together wit]: urea in
thinned plots had no additional effect on mean diameter. The P sonrce signiñca¡tly depressed

mean height by a small margin-

The thinning x urea fertiliser combination stimulated diameter increment at the e4rense of
height growth. Such an effect could be expected as thinning eflectively reduces ttre competitive

pressure on trees to g¡;n dominance.

Staldard foliage sarnples collected in February one month aft,er treatrnent showed that urea
fertiliser had significantlyincreased foliar levels of N, P, S, Cu andZn, but had depressed levels

of K and Mg; leveis of other nutrients were not significantly aflected by urea fertilisation.
Jþlnning significantly decreased levels of Mg and Ci in the foliage, but did not signiffcanily
alfect levels of other nutrients deterrnined. fntnnins x N level interaction was only signiûcant
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for P, and K. The P-inclusive treatment significantly increased foliar concentrations of macro-

but not rnicronutrients relative to those for the corresponding thinning/urea only treatrnent-

A final measurement and foliar analysis was done in 1990, 2 years after treatment, a¡rd are

reported here.

METHODS

SITD HISTORY

The site selected for the trial was located in Cpt 59 Kaingaroa Forest, oflWaiora Road in a 61 ha
stand of E. regnøns planted. in Augustlseptember 1983 at about 3 x 2 m spacing (ca. 1667 stems

per ha). The area had been windrowed by V-blade following the logging of the original
P. radiata crop in i982/83. Soon aíter planting tlre eucalpts, 6O g urea was applied in a spade

slit by each tree. The soil at the site is a disturbed yellow brown pumice sand.

This 4.5-year-old stand was selected because of its proximity to the FRI and because the site was

reasonably even in terms of growth, topography and cover. One disadr¡antage of this site qrhich

was largely overcome by the silvicultural design of ttre trial was the high incidence of double or
multiple leader trees.

EXPÐRIMET{TAL DESIGN AI{D TREATMENTS

The eperimental design adopted was a randornised complete block with six blocks and
factorial combinations of two levels of thinning, üí2. unthinned (ca. 1667 stems/ha) and

thir¡ned (ca. 6OO sterns/ha), and tlree levels of urea fertilisation, uiz. A, 115 and 230 kg N/ha.
Jþs thínñing treatment included form pruning. In subsequent tables of data tJ:e factorial
treatments are shown as follows:

Td'ro

TrNo

Td,{r

TrN r

Td'[z

TrNz

where N6i Nland N2 denote the rate of urea applied i.e. O, 115, and 23O kg N/ha

respectiveþ and

T6 and T1 denote stocking (i.e. unfhinned or thinned).
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A supplementary treatment (TrN rP) testing t]'.e response of phosphonrs applied as 'Dr:raphos'

PAPR (75 t<g Pi ha) in combination with thinning and 115 kg/ha of N urea was included in the
trial.

For ease of access and uniformity, fertilisers were applied just prior to thinning, and were
hand-broadcast over plots and surrounds.

Each whole plot (inn6r measurement plot plus surround) measured 3O x 3O m (O.Og ha). The

surrounds measured 5 m along rows and 6 m across rows leaving a measurement plot of 18 x 20
rL The plots were interposed between windrows. As plots nearer an adjoining old p. radíat6-
stand had appreciable young pine regeneration, it was decided, during establishment of the
trial, to fell the pines to rnake all plots more consistent in this respect. Also, large tutu plants
(Coriaríø sp.) u¡ere present in many plots and had to be slashed to allow glsarlinss of sight for
establishing plot boundaries and ready access for uniforrn fertilisation. Again for consistency
it was decided to eut back all well- grown tutu tlroughout the plots. In view of the prevalence of
forked trees, it was decided to make the silvicultural semparison one betu¡een
unthinned / untended ¿¡d thin4sd / fonn pruned crops.

Thinning rvas 'from below" baving regard to good spacing but generally leaving trees witl. the
greatest potential to produce idea-l crop trees. At the sarne time, trees ¡srnaining in the thin¡ed
plots were form pruned by chainsaw to a single leader. Any stumps or wounds were painted
with 'Captafol' fungicide to inhibit infection with pathogens such as ChondrostereurrL
purpureurrL

DIARY OF EVENTS

Fertiliser treatments appliedl
Tlees measured (diameters and heights)

{þinning treatment lrnposed

Form pruningi fungicide treatment of stumps

Foliage sampling

Remeasurement of trees

Remeasurement of trees

Foliage sañtrrling

7-8 January 1988

12 -15 January 1988

13-14 January 1988

19-22 January 1988

1O February 1988

2-3,7 February i989

19 Feb -9 Ma¡ch 1990

15-16 March 1990

A heavy rain shower fell over the area the following day dissolving and washing tJ:e urea
into the topsoil.
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MEAST]REMENTS

At trial establishment and tJre subsequent two assessments, diameter outside ba¡k at breast
height (DBH) was recorded for all stems in all plots. At the same time 19 trees (equivalent to b2B

stems/ha) in both rhinnsd and unthinned plots were selected on the basis of size, form and
spacing as potential crop trees. Of these trees, twelve were randornly selected and measured. for
heigþt at each measurernent date.

ST!{TISTIC^AL MÐTEODS

In each plot mean basal area (BA) per tree was calculated as :

uo = ä¿T4

and. mean volume Ìnside bark (IB) per tree was calculated by inserting mean DBH and average

height in the following equation:

Vol. (IB) I = O.O2984.DBH{Ht where cm

m

c¡ga2

dttt3

no. of stems

For tlre purposes of tåis report, the anal.ysis of variance (ANOVA) of diameter and volume
responses l¡ thinnsd and unthinned plots, except rvhere mortalities have occurred, was based

on 19 selected crop trees in each plot. Statistical comparison of treatrnents based on all stems
per plot was not r¡alid because of the t¡jming effect.

tlrs çeñparison of height response was based on the average height of 12 trees in each plot.

However where tops were subsequently tost, as a consequence of wind darnage from Cyclone
Bola (March 1988), new height trees were selected.

The Least Signiûcant Difference üfSD) test was used to compare treatment rneans.

1 Equation based on Hay,rard (1987).

DBH

Ht

BA

Vol.

n
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Other response variables examined by analyses of variance (thinning x N rate) were foliar
concentrations of each of 6 elements (N, P, K, Ca, Mg, and B) determirred in samples collected 2
years alter treabnent.

FOLIAGE S.ATUPT,ING AND CHEXVIICAL ANALYSIS

In blocks 1, S and 5 foliâge samples of futty eryanded leaves of the cr¡rrent season's growth were

collected by shotgun from tJre upper third of sunlit crowns of 6 dominant trees per plot.
Samples were bulked to give 1 composite per plot, oven dried to constant weight and. ground to
pass a 1 mm screen in a stainless steel \jt/iley rnitt. $sþsamples ç,6¡s rìigested. in sulphuric acid
and hydrogen peroxide in the presence of lithium sulphate and. selenium. Nitrogen (N) and
phosphorus (P) were determined colorimetrically by indophenol blue and vanado-molybdate
methods respectively. Potassium [K), ca]cium (Ca) and rragnesium (Mg) were deterrnined. by
atomic absoqption. Boron (B) was determined colorimetrically by a modifìed curcumi:r
method aÍter dry ashïng (Nicholson 1984).

RESI.]LÎS

CROPTREE GROUNE.ATAGD 6.5 TEARS

Á¡IOVA on crop tree meân diameter, meañ basal area per tree and mean volrrme per tree showed.

¿ highly significant [P<O.0O1) treatment effect being highest in the fhinnsd plus fertilised
treatments in 1990 (at age 6.5 years) (Table 1, Table 2). ^Average heigþt was not atrected by
treatment. However, because significant differences also existed prior to treatrnent in lggg
{Appendix I and 2) a.nal¡æis of 199O growth data should be viewed witå some caution. For ilris
reason 2-year groq¡th increments betwese 1988 and 199O were tÌ¡e rnain fccus of this report.
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TABLE 1 - Mean crop tree diameter and basal area at age 6.5 years
(2 years a.fter treatment)

Tfeatrnent DBH (cm) Basa_l a¡ea LSD test
{cm2ltree)

T1N f 14.9

TrNo 13.1

TrNz

TrNr

Td'tz

Td'Ir

15.6

15.O

12.6

11.9

191.1

r77.9

175.2

134.9

125.2

LL2.7

97.5

I

tt
tl

I
Td,[o 11.1

Note: Means with same bar in each column are not significantly
different at P < O.O5. û^SD test).

TABLD 2 - Mean crop tree volume (inside ba¡k) at age 6.5 pars
(2 years after treatrnent)

Treatment Vol. (IB) (dmS/tree) LSD test

TrNz

TrN r

T1N1P

TrNo

Td,Iz

Td{r

Td,¡o

9r.2

87_3

84.2

61.5

60.8

53.1

46.4

I

I

lt
I

Note: Means with sarne bar in each column a¡e not significantty
different at P < O.O5. üSD test).



CROP TREE 2-YEAR GROWT:H INCREMENTS

Diameter, basal area and volume increments per mearr tree (Fi€s I and 2) were signiûcantly
ü.SD o.OS)increased by fertiliser a¡d by thinning with best growth occurring in treatrnent T1N2
i.e., lhinned plus 23O kg N/ha. Crop tree DBH, basal a¡ea and volume in the T1N1 treatment
increased by 5.6 on, 107.2 cm2ltree and 63.9 dm3/tree respectively over 2 years compared to 3.5
cm, 56.7 cm2/tree and 45.7 dm3/tree in the corresponrl;ng unthinned treatment Td,f r. In both
the thinned and unrhinned treatments desþling the rate of nitrogen appHed. (i.e., from 115 to
23O kg N/ha) resu-lted in a slight but insignificant increase in volume increment. However
de¿þIÍng the rate of applied N signiûcantly (LSD o.od increased DBH and basal area increments

in thinned treatments but not in unthinned areas.

Average height increment (Flg. 1) increased significantly (IsD o.os) due to N fertiliser at tlre low
rate but was not a-ffected by additio'''al N or by fþiqning. The interaction of fertiliser x
tlinning qr¿s significant {P < O.OO9} for DBH, basal area and volume inc¡ements but not for
height a:rd. can readily be seen in Figures I and2.

ET¡NCTS¡ OF PHæPEAîE T]ERTITJSER. ONCROPÎRED GROWTH

The addition of 75 kg Pi ha in tJre form of PAPR to 115 kg N/ha as urea in combination with
rhinning (T1N1P treatment) resulted in no significant differences in mean DBH, average heþht,
basal area or voh:ne at age 6.5 years (Table 1 and 2) or in 2-wæ growth increments (Appendix 1

and 2), when compared to treatment TrNr.

SÎAÎ{D GROq,:tE

Srand characteristics of each treatment. based on all trees at age 6.5 years (2-years after
treatment)a¡e shown in Table 3. The unthinned treatment combined u¡ith 23O kg N/ha as urea
{Tfeatment Tol.i2) achieved tJre greatest basal area and volume (15.8 E¡2lha and 20.6 m3i ba

respectively). Howe¡¡er this u¡as at tbe eryense of mean díarneter u¡hich was highest (15.6 cm) in
tJre equivalsnl thinnsd treatment (T1N2¡ Mean height was greatest in the thinned plus
fertilised treatments at about 12.5 m. Mean top height was sirníI€u'across all treatments
(average 13.7 m).
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TABLE 3 - Stând characteristics of each treatment based on all
sterns at age 6.5 pars (2 years after treatment)

Treatment Stocking
sterns/ha

Mean
height

(m)

Mean
top height

(m)

Basal
area

(m2lna)

Volume
(inside bark)

(m3/ha)

DBH

(cm)

TrNz

TrNr
T1N1P

TrNo

Td,¡z

Td,[t
Td,ùo

509

519

523

528

1662

1667

1796

15.6

15.0

14.9

13.1

11.O

10.5

oo

12.4

t2.7

12.5

11.9

11.6

11.5

11.5

13.8

13.9

13.8

13.1

13.7

13.8

i3.6

9.7

9.2

9.2

7.1

15.8

14.5

13.8

46.8

45.2

44.2

32.7

70.6

63.6

59.O

FOLIAR NTITRIEDTTS 2 YEARS AF'TÞR TREATMF¡{T

There was no significant difference between treatrrents for eoncentrations of 5 macro-
nutrients and B (Table 4) 2 years after treatment e)rcept for Ca which s¡as highsst in the control
(Td,fd treatment and lowest in the T1N2 treatment.

ÎABLE 4- Mean concentrations of foliar elements 2 years after treatment

Treatment Concentration (OD basis)

- )_ - _ _ _ - _ - - _ - - -: - - - - - - - - - - ..T "," . ..... _. : : .- - - - - - - _ _ - -y 
g- 

-
B

ppú
N/P

TrNz

TrNr
T1N1P

TrNo

TOI.{Z

Td'[t
Td'ro

1.90

r.78

1.81

1.80

1.88

r.72

1.84

o.118

o.115

o.128

o.128

o.L22

0.1i7

o.129

o.77

o.76

o.71

o.77

4.78

o.78

o.77

o.444

o.48ab

o.52b

0.52b

o.51b

o.52b

o.62c

o.192

0.211

o.209

0.195

o.218

o.215

o.215

10.3

13.3

12.O

13.3

to.7

11.3

13.3

16.1

15.5

t4.2

14.1

15.5

14.8

14.3

Note: Ca corrcentrations with same superscripts do not differ at P < O-05 ISD test).
No sign¡ffga:et difference be¡q¡een t¡eafments for other elements.
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DISCUSSION

EFFECT OF FERÏLTSERAND TIIINNING ON GROWTII

The 2 year gâin in crop tree mea¡ volume of the thinning a-lone treatment (TrNd and the
fertiliser alone at 115 kg N/ha (Td,lr t¡eatment), over the control (Td{d, u¡as 11.1 and
g.g ¿m3ltree, respectively (Appendix 1 and 2). However, a synergic effect resulted from
combining lhinning and ferbiliser, i.e., tJre gain in crop tree volume increment of tJre T1N1

treatment over the control (Td,IO t¡eatment) was 3?.O cf.n3/kee, equivalent to an extra
19.tr m3/na on crop trees over the 2 year period. since treatrnent. This mearrt tJeat the thirudng
plus fertiliser combination produced a better response tåan the additive effects of either
treatrnent aìone would suggest. In terms of volume there was no significa-nt advantage in
doubling the amount of nitrogen applied to 23O kg N/ha s¡ ¿drling a phospbate source.

The m¿irr differeace between the growth effects alter 2 years a:rd the results found 1 year after
treatment (Knight and Allen, 1990) u¡as that tþinni-r¡g alone (treatment TtNd, produced a
significant response in diameter, basal area and volume inc¡ements over and above tlee control
(Td\[d treatment which was not evident at 1. year. Also, the signiûcant negative efiect on height

due to thinning aoted at 1 year had disappea¡ed after another 12 months.

The site is not particularly good compared to other E. regruns sites for which the Management

of Eucal¡rt Cooperative has collected data. Basal area and height in E. regnøLrs PSP plots

adjacent to tlis trial were overpredicted by the NZFP Forests growth model (McKenzie lggg)
showing that Cpt 59 was at the poorer end of the range studied. Severe out-of-season frosts
caused substantial defoliation at age 2 years such that the trees in the stand appeared kilted.
They recovered, but this indicated the site u¡as marginaf fur E. regnarTs. (H. McKenzie pers.

comm-). The initjal topsoil total nitrogen level of. A.2"/a (Table 5) in the fertiliser x tJrinning
triãl confi:m that t}is site is relatively N poor compared to soils u:rder an E. regrnns age series
near Tokoroa (Frederick et al. 1985). This was possibly related to t]re degree of topsoil removal
by windrowing.
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TABLE 5 - Soil characteristics of Cpt 59 trial site under 4.5-year-old. E. regrnns

Soil depth
(cm)

Total N
(%)

pH Bray P (sequential)
----------- ppm

Organic matter
{"/"1

o-10

10-20

4.9

5.3

o.20

o.t2

33.6 22.8 15.3

2t.o 30_o 12.2

o.24 1.59 0.43

o.22 1.18 O.29

11.1

7.5

EFFDCIS OF P FÞRTILISER ON GROWTE

The lack of a growtlr response, 2 years after treatment, to the add.ition of a P sor¡.rce was in
agreement witl: results after 1 year Knight and Allen, lgg0) and is consistent with the top soil
Bray-P levels of 15-34 ppm (Table 5).

FOLIAR NUTRITIONAL STATUS

The absence of significant differences in rnacro-nutrient concent¡ations between treatments in
199O is in contrast to results 1 month after treatment (Knight and Allen, 1990) when, of the 5

elements ¡s¡nal)æed in 1990 Ca was the only element not afected by treabnent- Folia¡ B levels
2 years a-frer treatment were on average about 3 ppm lower tha¡ when sarnpled earlie¡. In t1.e

treatments which received nitrogen fertiliser, folia¡ N and P levels after 2 years were
considerably lower than the irxittâl analyses tKnight and Allen, 1990). However in the N6

treaûDents foliar N levels increased from a low of l.4o/o to around 1.8% in 1gg0. p levels in N6

t¡eatments rernained quite stable over this sarrre period. In general foliar N and P levels in
199O appear to be slightly lower than the optim¡m for vigorous growth in Soung eucalypts (WiIl,

1985) and t]:e foliar N/P ratio (Table 4) of about 15 is slig¡htly higher than the ûgure suggested as

satisfactory for ¡oung E. Jasiígøia tKnight, 1988).

The signifi.cant difference in macro-nutrient levels between treatments T1N1 and T1 N1p I
month alter treatment fKnight a.nd Allen, 1990) due to t]re inclusion of a P source (25 kg p/ha)
had disappeared aÍtet 2 years (Table 4) alt}ough the foliar P level in treatment T1N 1p was still
anongst ¡þs highsst (o.128olo) n¡hich arso occurred in both N6 treatments.
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IMPLICATIONS FOR MAIIAGEMENÎ

The relative increase in stand growth in each treatment is shovm in Table 6. The T1N1

treatment achieved BO% of the basal area and volume increases of the corresponding
unthinaed Tr.;[t{1 treaünent but the a'¿mber of stems was orùy 1/3 that of t]re unthinned area.

This raises the question of how long tJre fertílised a¡d thinned treatments will keep up their
superior grovrth rate, e.g., 274"/o volume increase in T1N1 treatrnent (Tabte 6) compared to lO8%
increase in the u¡thinnsd unfertilised control (Tdl[d ove¡ 2 years. The nutritiorr¡l stâtus of ali
treahents was very similar in 1990 and suggests that any advantage provided by the trrea
applications has now disappeared. On this basis growth rates of all treatments could be

e>çected to parallel each other eventually without frrtber nut¡itional input.

TABLE 6 - TWo year stand basal area and volume resporse
for each treatment fbased on all stems)

Treatment 1990 Basa-l area
stocking tmzlha)(ste¡ns/ha) 1988

Incre@ent

88-90 otlo

Volume
(m3¡ua)

1988

Increment

88-90 Yo

TrNz

TrNr
T1N1P

TrNo

TOi,f Z

Tdvr
Tdvo

509

519

5?.3

528

tæ2
1667

1796

177

149

149

87

93

84

47

Lt.4

12.7

12.L

12.3

23.5

22.4

28.4

35.4

33.1

32.1

20.4

47.I

4t.2

30.6

319

274

265

166

200

184

108

3.5

3.7

3.7

3.8

8.2

7.9

9.4

6.2

5.5

5.5

3.3

7.6

6.6

4.4

CONCLUSIONS

Thinning in combination with urea N fertiliser resulted in sigþificant d.iameter, height,
basal area and volurne increases 2 years after treatment, in a young E. reguns stand tn
Kaing¿rroa Forest_

Best crop tree growth increments occurred in the rhinnsd/high N rate (TrNz) treatrnent.
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i TB¡o year crop tree DBH, height, basal area and volume increments in t'Ire T1N 1 treatrnent

were 5.6 c'n, 4.2 m. 107.2 cm2/tree, and 63.9 dm3/tree respectively compared to 3.5 crn, 4.2

rn, 56.? em2/tree and 35.7 dm3/tree in the corresponcìing unthinned treatment (TOD{r).

î Doubling the rate of applied N signifìcantly increased crop t¡ee DBH a¡d basal area

increments (to 6.3 cm and. 123.9 cm2/tree respectiveþ) in thinned areas but not in
unthinned ¿rreas.

* Doubling the rate of N gave no significant increase in crop tree volume increment in
either unthinned or thin:red areas.

+ Average height was not significantly allected by additional N or by thinnirÌg.

* Fertiliser x thinn'ing interaction was signiûcalt for DBH, basal area and volume

increments but not significant for height.

* There v/as no treatrnent eflect on foliar N, P, K Mg and B levels but foliar Ca was alfected 2

years after treatment.

' Inclusion of a P source (treatment TrNr P) dÍd not affect growth increments or folia¡
nutrient levels compared to treatrnent T1N1 two years after t¡eatment.

I Th.e folia¡ nutritional status of all treatments in 1990 was below the values associated

with optimum gfovrth of vjgorous young eucalypts.
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APPE¡IDIX 1

Mean DBH and average height of crop trees in 19BB and. 1990 and 2 year increments

Treatment DBH (cm) Incr. Height (m) Incr.

1988 r.990 19BB 1990 BB.90

TrNz

TrNr

T1N1P

TrNo

Td,rz

Td,lt

Td,to

g.zab

9.54

g.5a

9.74

g.6bc

8.4c

g.6bc

15.64

15.04

14.94

13.1b

12.6h

11.gcd

I 1.ld

6.34

5.6b

5.4b

3.4d

4.Oc

3.5cd

2.5e

12.5

12.9

72.6

12.O

12.7

t2.5

12.5

4.gabc

4.24

4.zab

3.6c

4.34

4.2ab

3.7bc

8.5

8.7

8.4

8.4

8-4

8.3

8.7

Note: Any meaûs in one coh¡mn with different superscripts difrer sígnifi.canily at p < O.O5 (LSD
test).



APPENDIX 2

Mean basal a¡ea [BA) and volume (inside ba¡k) of crop trees
irl 1988 and 199O and 2 year increments

Treatment BA (cm2/tree) lncr.

1988 1990 8B-90

Vol. (dm3/tree) Incr.

i9BB 1990 BB-9O

TrNz

TrNr

TlN1P

TrNo

TO¡Iz

Td'Ir

Td,[o

67.zab

70.74

7t.oa

73.34

5g.5bc

55.3c

58.5h

191. t a

177.94

175.24

134.9b

725.2bc

112.Ocd

97.5d

L23.94

ro7.2b

LO4.2b

61.5c

66.7c

56.7c

39.Od

2t.7ab

23.44

22-ga

23.44

1g.7bc

t7.4c

1g.5abc

91.14

8734

84.24

61.5b

60.7b

53.lbc

46.4c

69.44

63.94

61.44

38.Ob

42.Ob

35.7bc

26.9c

Note: Any mean.s in one column with diflerent superscripts differ significantly at P < O.O5 (LSD
test).


