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FRI/INDUSTRY RESEARCH COOPERATIVES

A trial to quantify the growth response of crop trees (600 slha) to thinning and fertiliser

was established in a 4-year-old E. regnans stand. Preliminary results showed that after

one year, thinning and urea Esatmsnts interacted to give a large diameter response to the

crop ffee element. Thinning alone did not significantly increase cliameter. There was a

significant effect on foliar nutrient levels.

A further assessment 2 years after freatment, showed that the effect of nitrogen on

growth increment of the crop element was similar to that of the one year increment.

However there was a response to thinning (with or without fertiliser) and height

increment was significantly increased by the aclclition of nitrogen. There was a thinning

ancl fertiliser interaction on cliameter and volume but not height. The nut¡itional status of
all freatments 2 years after treatment was similar except for Ca which was lowerecl where

fertiliser and/or thinning had been applied.

Six years after treatment, a third assessment of 4 out of 6 blocks showed statistically

significant increases in crop tree basal area increments in the 1990 -1994 periocl for

thinnecl treatments. There was no benefit from the application of Phosphorus. Six years

after treatment, the crop trees that had been thinned and had N applied wereT5Vo larger

in volume than the control crop ffees, although the main benefit was achievecl in the first

two years following treatment.
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INTRODUCTION

A trial to investigate the effects of thinning ancl fertiliser on the growth of young
Eucalyptus regno.ns was established in 1988 (Knight and Allen, 1990). The objecr of the
trial was to quantify the growth response of crop hees to factorial combinations of
thinning and fertiliser in a young E. regnans stand at the stage when the stand canopy

was almost closecl. A crop element of 600 s/ha was selected in a four-year old stand in
Cpt 59, Kaingaroa Forest.

METHOI)

Trial Design

A ranclomisecl complete block design with six blocks and factorial combinations of two
levels of stocking, unthinnecl (about 1667 slha) and thinned (600 s/ha) ancl three levels of
urea fertiliser (0, n5,230 kg N/ha) was established in 1988 in a 4 year-old stancl of E.

regnons in Kaingaroa Forest.

The cocles for these treatments are: ToNo ToNr ToNz

TrNo TrNr TrNz

\ù/here No, Nr, and Nzclenote the rate of urea appliecl (ie 0, 115,230 kg N/ha

respectively) and T o ancl Tr denote stocking (ie unthinned or thinnecl).

A supplementary treatment (TrNrP) testing the response of phosphorus applied as

'Duraphos' PAPR (75 kg P/ha) in combination with thinning and 115 kg N/ha was

incluclecl in the trial.

The 19 crop frees (equivalent to 600 s/ha) were assessed in a 18 x 20 m measurement plot
within the treatment plot of 30 x 30 m to allow for a buffer. In addition, all remaining

trees in the unthinned measurement plots were measured to allow stancl growth to be

summarised.



History of treatments in trial

Treatments appliecl ancl initial measurement: January 1988

Foliage sampling Blocks: 1,3,5: February 1988, March 1990, March 1994.

Trees remeasurecl: February 1989, February-March 1990, Blocks: 1,2,3,5; March, June

1994.

Foliage samples

In blocks 1, 3 ancl 5 foliage samples of fully expanclecl leaves of the current season's

growth were collected by shotgun from the upper thircl of sunlit crowns of 6 dominant
trees per plot. Samples were bulked to give 1 composite per plot, oven dried to constant

weight ancl grouncl sufficiently to pass through a 1 mm screen in a Wiley mill.
Subsamples of the ground composite plot samples were cligestecl in sulphuric acid ancl

hyclrogen peroxicle in the presence of lithium sulphate ancl selenium. Nitrogen (N) ancl

phosphorus (P) were determinecl colorimetrically by indophenol blue and vanaclo-

molybdate methods respectively. Potassium (K), calcium (Ca) and magnesium (Mg)

were cletermined by atomic absorption. Boron was determined colorimetrically by a
moclifiecl curcumin method after clry ashing (Nicholson 1984).

Tree measurements

Diameter at breast height was recorded for all trees in blocks I,2,3 ancl 5. In each plot
the crop element of 19 trees per plot, (equivalent to 528 s/ha) that hacl been analysed in
previous reports were iclentifiecl ancl remeasured. In unthinnecl plots the cliameter of the
remaining ffees were also measurecl. Heights were measured for trees that hacl heights

recorclecl at previous assessments, (usually 12 trees).
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ANALYSIS

a) Stand growth

Stancl parameters were calculated for all plots. Mean tree diameter ancl basal area

corresponded to all trees in the plots. Mean top cliameter (MTD) ancl mean top height

(MTH) and volume were calculated using normal mensurational techniques. Tree

volume calculatecl using the E. regnans volume function derivecl for Kinleith Forest,

(Haywarcl, 1987).

b) Crop tree response to fertiliser and thinning.

The mean tree values were basecl on the same trees for each measurement - trees were

removed from the analysis if they did not survive in 1994 or in the case of height values,

were not measurecl on each occasion, for example, due to crown breakage. The analysis

of mean tree cliameter (cm) and basal area (cm2) growth was basecl on the plot mean of
the crop trees (19 per plot unless mortality hacl occumed). The analysis of tree height for

each plot was basecl on the average height of the Íees measured in each plot (12 trees per

plot unless mortality or breakage occurrecl). Volume (clm.) for each tree was calculated

using the E. regnons volume function derivecl for Kinleith Forest, (Hayward, 1987).

Data collectecl in 1988, 1990 ancl 1994 for blocks 1,2,3 ancl 5 were used.

Analysis of variance was undertaken for each plot value for the 1994 measurement. As

notecl in the previous report (Oliver ancl Hong, 1991) there were significant differences

prior to treatment so for this reason ANOVA of increments in plot mean tree values were

usecl. Least Significant Difference (LSD) test'was usecl to compare treatment means.

In 1994 only 4 of the six blocks were measured, where as previously, all 6 blocks hacl

been measured ancl analysed. The ANOVA in this report includes only the four blocks

measured in 1994. The 1988 and 1990 data were reanalysecl using the same four blocks

for the periods 1988-1990, 1990-1994 and 1988-1994.

Foliar nutrients

Analysis of Variance was undertaken for all the elements and N/P ratio.



RESULTS

Previous results (one and two years after treatment))

Results from previous analyses have been reported by Knight and Allen, (1990) and

Oliver ancl Hong, (1991). Their analyses were based on six blocks and are summarised

here for comparison with the results from the 1994 assessment of four blocks. Detailecl

results are available in the previous reports. The new results in this report (Appenclix 1)

are basecl on a reanalysis of the clata collected earlier for the same four blocks measurecl

in 1994.

a) One year after treatment (six blocks)

Preliminary results showecl that thinning and urea treatments interactecl to give a large

cliameter response to the crop tree element in the first year after treatment (Knight ancl

Allen, 1990). There was a small but significant increase in crop tree volume growth in

the nitrogen fertilised unthinnecl treatments. Thinning without nitrogen fertiliser clicl not

significantly increase volume. Applying P in addition to N had no adclitional effect on

mean cliameter ancl significantly depressed mean height. The thinning x nitrogen

combination stimulated diameter increment at the expense of height growth.

The standarcl foliage sample collectecl one month after treatment showecl that urea

fertiliser hacl significantly increased foliar levels of N, P, S, Cu andZn, but had

depressecl levels of K and Mg. Thinning had significantly decreased levels of Mg ancl Cl
in the foliage.

b) Two years after treatment (six blocks)

The analysis following a second measurement and foliar coilection 2 years after

treatment (Oliver and Hong, I99l), showed that there was a cliameter, basal area and

volume response to thinning. Height increment was significantly increased by the

adclition of nitrogen, but there was no clifference between the two nitrogen application

rates. There was a thinning and fertiliser interaction on diameter ancl volume but not

height. The higher rate of nitrogen and thinning combined to give 2.5 times the diameter

increment of the control (6.3 cm compared with 2.5 cm, Appendix 1, in Oliver and

Hong, 1991)).



The nutritional status of all treatments 2 years after treatment was similar except for Ca
which was lowerecl where fertiliser ancVor thinning had been applied.

An analysis of the data from all trees in the stancl (ie not just the crop element in
unthinnecl treatments) showecl that volume increase in the thinned plots with the lower N
application rate was 807o of the corresponding unthinned treatment although there was a

thircl the number of stems.

Latest Results - two years and six years after treatment (four
blocks)

The following is the new analysis unclertaken following the 1994 assessment.

a) Stand growth inl994 (four blocks).

By 1994 there was an average of 16 Eo mortality in the unthinned stands but very little in
the thinnecl stancls. The stand parameters are shown in Table 1. The greatest stand total

tree volume was producecl in the unthinned plots (ToNo, ToNr, ToNz): 60 7o more

volume than the thinnecl plot without fertiliser (TrNo ) which had the least volume of all
treatments. Thinned treatments with fertiliser ( TrNr, TrNz , TrNrP) producecl 307o

more volume than the thinned treatment without fertiliser.



Table 1: Stand parameters based on all trees in each plot (blocks lr21 3 and 5)

in 1994.

Treatment Stocking Mean dbh MTD*

ToNo,

ToNr

ToNz

TrNo

TrNr

TrNz

TrNrP

s/ha

1 618

1458

1597

528

514

486

514

Mortality

s¡nce 1988

o/o

16

18

15

0

7

5

1

Basal

area

m2/ha

21.8

19.8

23.1

12.3

16.0

14.7

14.6

Volume

ms/ha

131.5

121.7

139.7

81.2

115.3

102.6

101.6

13.1

13.3

13.6

17.2

19.9

19.9

18.9

20.6

21.1

21.3

22.0

25.0

25.9

23.4

19.1

19.2

20.5

18.7

20.7

20.3

19.6

*Mean Top Diameter basecl on l00largest diameter trees per hectare.

b) Crop tree response to fertiliser and thinning (four btocks).

The plot mean crop tree diameter, basal area, volume ancl height at age 11 years ancl

increments for, the first two years (age 4.5-6.5) after treatment, following 4 years ancl the

combinecl 6 years are shown in Appendix 1. Plot mean crop tree cliameter ancl volume

increments for age 4.5 - 11 years are shown in Figures 1 and2. ANOVA on the

increment of plot means showecl a highly significant difference for treatment effect for
tree diameter, basal area ancl tree volume (P>0.001). There was no significant difference

for any treatment in height increment. Means that significantly differ in any column are

inclicatecl by letters (LSD test).

The increments of diameter, basal area and volume for the period 1988-1994 were largest

in the treatments that were fertilisecl and thinnecl (TrNr, TrNz, TrNrP). These treatments



were not significantly clifferent from each other, but for cliameter and basal area, were
significantly clifferent from all other treatments. Volume increment for TrNrP was not
significantly different from ToNz.

Where clifferences in increments of the various parameters were significant for the 1988-

1994 period, they were mainly a result of growth rate between 1988-1990. For example,

whilst the cliameter increment of the thinned and unfertilisecl treatment (TrNo) was

significantly different to the thinnecl ancl fertilised treatment (TrNr) for the period 1988-

1994 and for the period 1988-1990, the increment in the 1990-1994 period was not

si gnif ic an tly cl ifferent.

In a second example the situation is reversecl. The cliameter increment of trees in the

thinnecl ancl unthinned treatments with no fertiliser, (TrNo,ToNo) were not significantly

different for the periods 1988-1994 ancl 1988-1994 but in the periocl 1990-1994 cliameter

increment of trees in the thinned treatment (TlNo) ranked second of all treatments ancl

was not significantly clifferent to all treatments with thinning and fertiliser (TrNr, TrNz.

TrNrP).

There was an interaction between fertiliser ancl thinning.In the period 1988-1994 the

growth of trees (height, cliameter, basal area ancl volume) in the treatment with fertiliser
ancl thinning was greater than the sum of growth in the treatments with fertiliser or

thinning alone, in each case comparecl to the control (Table 2). When combinecl with
thinning, the amount of urea fertiliser usecl in the trial ancl the aclclition of P made no

significant difference to growth. In 1994 the crop ftee volumes in the treatments with
thinning and N fertiliser were almost 200 dm3 compared with 113 clm3 for the control
treatment. For a crop tree element of 600 s/ha, this corresponds to 119 m3/ha comparecl

to 68 m3/ ha, a difference of 5l m3l ha or 757o.

The mean concentrations of foliar elements in 1994 are shown in Appenclix 2. There

were no statistically significant differences between treatments.



Table 2: Increase in growth of a)the treatment with thinning and fertiliser
combined (TrNr) and of b) the sum of the two treatments with thinning and
fertiliser applied separately (ToNr,TrNo), when compared with growth of the
control (ToNo) over the period 1988-1994.

a) Thinning ancl fertiliser

combinecl (TrNr)

b) Sum of thinning ancl

fertiliser (ToNr + TrNo

DISCUSSION

The reduction in the number of blocks measured recluced the effectiveness of the 1994

remeasurement in detecting statistically significant clifferences so that the results were

slightly different to the previous report (Oliver and Hong, 1991). For example, whilst
the range of plot means for tree height increments from 1988-1990 was 3.6 to 4.7 for 6
blocks and statistical differences were detectecl, in the new analysis of 4 blocks the means

rangecl from 3.6 to 4.4 and no differences were detectecl.

In the 1990 -1994 periocl there were statistically significant increasecl increments in basal

area ancl volume, compared to increments of controls, where fertiliser and thinning had

been combined when the plots were treated in 1988. This results differs from that founcl

by Messina (1992) in a 7-year-olcl E. regnans stand thinnecl to 150 ancl 350 s/ha with
applications of 230 ancl 460 kg N/ha where no interaction between fertiliser ancl thinning
was found 2.5 years later.

The beneficial effect of thinning was more apparent in the assessment six years after

treatment. It is possible that the benefit of fertiliser could be insignificant by harvesting.

The plots were too small to give accurate results over a longer time period. Trials that

can be measured from time of Íeatment to time of harvest are requirecl in order to

evaluate the gain in the longer term. For a pulpwoocl crop this coulcl be age 18 years ancl

for a sawlog crop, age 30 years. The financial benefit of any improvement in growth
from thinning and fertiliser, each alone and in combination coulcl then be determinecl.

Tree diameter

increase (cm)

Tree height

increase lm
Tree basal area

increase (cm2)

116.9

Tree volumr

increase (dm:

85.8

15.5

1.64.2

10



The fertiliser treatment with the acldition of P showed no benefit clerivecl from the
aclclitional element being appliecl at this site but this may not be the case on other sites.

The analysis of foliar nutrients has shown that there ars no differences between

treatments. This inclicates that the treatments dicl not have much impact on foliar
nutrients. The analysis of foliar nutrients as a guide to fertiliser requirements is not well
clevelopecl. The information gathered can be aclclecl to the clatabase of information that is

being accumulatecl for eucalypts in New Zealancl.

COI[CLUSION

Thinning combinecl with nitrogen fertiliser treatment improvecl the growth of the crop

element of the stand (600 stems/ha). There was no benefit from the application of
Phosphorus at this site. The assessmsnt 6 years after treatment indicated that thinning

was having the greatest effect on growth. The relative importance of thinning and

fertiliser in promoting growth shoulcl be evaluated in larger plots over a longer periocl of
time in order to cletermine the benefit of the operations.
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Appendix 1: Plot mean tree diameter, basal area, volume and height of crop trees at age LL years (L994), and increments for

1994, 1988-1 994, 1988-L990 and I990-t994.

Treatment means with the same letter are not significantly different

incr 88-94 T group incr 88-90 T

TrNr

TrNz

TTNIP

TrNo

ToNz

ToNo

ToNr

TINz

TrNr

TINtP

TtNo

ToNz

ToNr

ToNo

TrNz

TINIP

TrNr

ToNz

ToNr

TlNo

ToNo

TrNt

TrNo

TlNz

TINIP

ToNo

ToNz

ToNr

A

A

AB

ABC
BCD

CD

D

19.2

18.8

18.4

16.8

16.0

14.9

14.7

A

AB

AB

CB

CD

CD

D

9.8

9.6

9.1

7.5

6.7

5.9

5.4

A

A

A

B

BC

C

C

6.3

5.6

5.4

4.0

3.4

J.J

2.3

A

B

B

C

C

C

D

4.3

4.2

3.6

3.5

3.r

2.7

2.5

incr 88-94 T srouo incr 88-90 T

TlNt

TrNrP

ToNz

TrNz

ToNo

ToNr

TrNo

18.9

18.2

18.2

17.9

17.2

17.0

17.0

A

A

A

A

A

A

A

TINI

TrNrP

TrNz

ToNz

ToNr

TrNo

ToNo

10.0

9.5

9.s

9.5

8.7

8.5

8.4

A

A

A

A

A

A

A

TINIP

TrNr

ToNz

ToNr

TrNz

ToNo

TrNo

4.4

4.3

4.3

4.1

3.8

3.8

3.6

A

A

A

A

A

A

A

TrNr

TrNz

ToNz

TINIP

TrNo

ToNo

ToNI

5.6

5.6

5.1

5.0

4.9

4.6

4.5

A

A

A

A

A

A

A
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incr 88-94 T srouD incr 88-90 T

TrNl

TrNz

TINIP

TrNo

ToNz

ToNo

ToNl

304.4

300.6

281.1

234.5

21L.6

r87.5

180.0

A

A

AB

BC

C

C

C

TrNz

TrNr

TrNtP

TrNo

ToNz

ToNI

ToNo

2344

230.4

210.4

163.5

1,41.0

116.5

113.5

A

A

A

B

BC

C

c

TtNz

TrNIP

TrNr

ToNz

TINo

ToNt

ToNo

126.t

109.6

107.3

72.6

59.4

s8.0

40.8

TrNr

B TINz

B TrNo

C TrNrP

C ToNo

C D ToNz

D ToNl

123.0 A

108.3 A

104.0 A

100.8 A B

72.2 B C

68.4 C

58.5 C

incr 88-94 T srouD incr 88-90 T

TTNT

TrNz

TINIP

ToNz

TINo

ToNo

ToNr

TrNz

TrNr

TrNtP

ToNz

TrNo

ToNo

ToNr

1 82.1

177.9

151.4

tt4.4

110.4

92.r

89.3

A

A

AB
CB
c
C

c

TtNz

TrNrP

TrNr

ToNz

ToNr

TrNo

ToNo

&.8

58.3

s8.0

42.4

33.4

3l.l
27.3

A

A

A

B

BC
BC

c

TrNr

TINz

TtNrP

TrNo

ToNz

ToNo

ToNr

199.9 A
198.9 A
17T.6 A B

t34.4 C B

130.2 c
113.0 C

107.4 c

118.8 A

116.1 A

92.8 A B

79.4 C B

70.8 C B

&.9 C

54.7 C
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ndix 2: Foliar Nutrient levels in t994

Treatment N P K Ca Ms B Mn Zn Cu N/P

DDInVo

ToNo

ToNr

ToNz

TrNo

TrNr

TrNrP

TrNz

1.78

1.85

1.83

1.80

t.74

1.79

t.69

0.12

0.12

0.13

0.r2

0.11

0.12

0.12

0.21

0.20

0.20

0.20

0.18

0.19

0.19

15.0

15.3

15.7

13.3

15.3

15.3

16.0

0.76 0.60

0.78 0.60

0.82 0.56

0.80 0.s3

0.15 0.52

0.82 0.52

0.80 0.56

1608 13.0

1776 14.3

1548 13.7

1226 r4.0

1379 r3.7

t323 12.3

1464 r2.0

5.37 14.8

5.50 15.1

5.70 14.2

5.90 15.1

5.30 r5.7

5.70 14.5

5.50 14.6
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