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EXECUTIVE SIJMMARY

A nelder hial representing equivalent square spacings over the range 91 slha to 4444
s/ha was planted at Kaingaroa Forest in 1978. It was part of an exleriment that
included a series of replicated block plantings at initial stockings oi AZS s/ha, I 11lslha
and 2500s/ha.
An assessment of early mortality was carried out at age 4 years. Results indicated
mortality was independent of stocking
The block planting plots had little mort¿lity before age 4,but by age 15 survival was
about 65vo. Tt.c survival in the nelder from age 4 to 15 years was 9L - 94 ?o.
Mean Top Height at age 15 years appeared to be unaffected by stocking and was
similar in the nelders and block planting plos. However mean height dãcreased
markedly with an increase in stocking.
Where comparison was possible, total stand volume in the nelder was higher than in
the block plantings of equivalent stocking. There were no unthinned btoãk planting
plots at low or very high initial stocking with which to comparo the nelder.
The nelder tial design depends on l00Vo survival initially and the early tree losses and
consequent adjustments made in the analysis were not desi¡able. Splitting the nelder
design of a circular layout into two semicircles may have also affeõæd bãsal area and
volume growth due to edge effect.



EUCALYPTUS REGNANS NELDER

. GROIVTH FROM AGE 4.15 YEARS

INTRODUCTION

In the laæ 1970s FRI established a series of standard silvicultural trials to provide
growth and yield information for the eucalypt species that were recommended in the
N.Z. Forest Service Special Purpose Species policy. An E. regnans experiment
planted in 1978 included a series of replicated block plantings at initial stockings of
625 slba,1111 s/ha and 2500s/ha adjacent to a nelder trial representing equivalent
square stockings varying from 91 s/ha to 4444 slha. The blocks were subsequently
subdivided into a series of regime trial plots (McKenzie, 1991).

Trial history
The site selected at Kaingaroa (Compartments 1209/1210) was classified as a high site
index for P. radiata. It was also expected to be a good site for eucalypts. It had
previously been occupied by 46 year old P. radíata. The siæ was sprayed with a
mixture of amifiol, aüazine and simazine. Barerooted stock was raised from seed
collected at Franklin, Tasmania and planæd out in Sepæmber. The trees were
fertilised with 609 of urea shortly after planting. Early mortality occurred afær the
Eees were successfully established and was un¡elated to stocking.

Nelder Trial Design
The nelder design (Nelder, 1962) was selected to provide dat¿ on the basic relationship
between initial spacing and individual Eee characteristics and also because it included a
wide range of stockings on a small area of land. Trees were planted in a series of
concentic circles; the number of tees in a circle and ttre radius of each circle can be
adjusted to produce the desi¡ed range of spacings. The growing space available to each
Eee is determined by the distance to the nearest eight neighbours and from this the
equivalent squaro spacing and hence corresponding stocking on a hectare b¿isis can be
calculated. The range of spacings and equivalent stockings are shown in Table 1. Area
constraints on the site led to the nelder being split into two semicircles which may have
led to an edge effect for the highest stockings.
Disadvantages of the nelder tial design include not being able to impose thinning and
pruning üeatments and the effect of any establishment failure on the effective area
occupied by neighbouring frees. A further constaint is that the "Eeatnents" are not
randomly allocated so that the effect of site on the inner circles, for example, is not
known.
These drawbacks were taken into account to some extent when the trial was
established by the use of the adacent replicated block plantings, where thinning and
pruning aspects were to be investigated. The unfreated confiols planæd at}xlm
(2500 s/ha) and 3 x 3 m (11l1 s/ha) in the block planted plots were replicaæd three
times giving two cross reference points with ttre nelder tial. In the nelder nial, the
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effect of mortality in the first year was expected to be virtually eliminaæd by planting
pairs of tees at eachplanting spot. These were reduced to single Eees at yeat t.

METHOD

1. Field Measurement

Nelder Trial
At ages 4 to 9 years all heights and diameærs were measured in all 15 a¡cs. At age 10
only a few arcs were measured. All arcs were measured from age 11 to 15 years but
in arcs l-11 a sample of heights was measured across the diameter range.

Block Planting Trial
Heights and diameters were measured each year from age 4 years in all plots. Atage 4
all heights were measured, but from then on samples were measured; 3O tees per plot
from ages 5 to 9 years and 15 nees per plot from ages 10 to 15 years.

2.Data Analysis

Nelder Trial
Despite planting two üees at each planting spot, very early mortality not related to
competition between tees, occurred in bottr half nelders. The assessment atage 4
years was used to identify which üees had been successfully established and to take
account of the effect of the early mortality on the trial design. Any trees ttrat did not
have all eight nearest neighbours surviving at this assessment were excluded from the
analysis. Seven nees that were forked below 1.4 metes height were also excluded.
The number of üees that were able to be included are shown in Table 1.



Table l: Range of stockings represented in the E. regnans nelder and number of
trees in sa

The following parameters were calculated: volume (m3/ha), basal area (m2lha), and
mean top height in (m). The mean height (m) was also calculated for each arc. Tree
volume was calculaæd using the E. regnans volume function derived for Kinleith
Forests (Hayward, 1987). In some arcs, because of the small number of fiees included
in the analysis, there were insufficient Eees with heights measured to calculate a height
on diameter regression. At age 15 years additional tees were included in the sa-pit
of height rees.
The nelder nial design may not give a hue representation of mean top height because
the area occupied by the trees in each a¡c decreases as stocking increases with the
result that the number of ftees used to calculate MTH decreases. However mean top
height is a standard variable for comparing stands and was been included for
comparison with other plots and stands. The mean height was also included to give
another indication of the effect of spacing on height growttr.
The data from each half nelder was examined and as there was a reasonably consistent

result, except at the extremely high stockings, the data was combined.
The same procedure as that used for the E. nítens and E. salígnanelders (McKenzie
and Kimberley, 1990; McKenzie et al, 1991) was used to smooth out any discrepancies
across stockings. Smoothed curves were fitted through all stockings using sp[nL
functions. This was only carried out across stockings and not ug. ón the ãszumption
that seasonal variation in growth should not be obliteraæd.

Block Planting Triat
The data from the untreated contol plots planted at2x2 and 3x3 m was used to
calculate means and standard errors calculated for the following prirameters: volume
(-3/hu), basal area (m2hù,mean height (m) and mean top freigirt (m) at ages 4 to 15
years.

fuc Equivalent square spacing Stockine Trees rrs"ffi
(m)

10.50
9.t4
7.95
6.92
6.03
5.24
4.56
3.97
3.46
3.00
2.62
2.28
1.98
r.72
1.50

(s/ha)

91

t20
158

209
275
364
481
634
834
1111

r456
7923
2550
3380
4444

Nelder I Nelder 2

15

t4
13

t2
11

10

9

8

7
6

5

4
3

2
I

t2
7
4
6
5

7
7
10

9
t2
L4

19

19

17

t7

t2
7
8

8

I
9
13

L2

L2

16

19

19

t9
22
)7



RESI]LTS

Height
MTH was simila¡ in ttre nelders and block planting plots (Figure 1, Table 2) with very
little effect of stocking except at the lowest stocking. There was a similar alignment
between the nelders and plots for mean height (Table 3). However mean height
decreased markedly with an inôrease in stocking in the nelder and the mean trJigtrt in
the block planting plots was consistent wittr the nelder at conesponding stockings.
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FIG. 1 - Mean Top Height at age 15 in the E. regnans nelder trial and adjacent block
planting plots.

Basal area
Basal area was higher in the nelder (Figure 2). There is a large increase at ttre highest
two stockings in the nelder
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FIG 2: Basal ueaalage 15 in the E. regnans nelder trial and adjacent block planting
plots

Survival
Survival was notably different in the nelder and block planting plots. The block
planting plots had little mortality before age 4 years but by age 15 years survival was
between 62 and6g%o (Tab\e 5). In the nelders the survival from age 4 to 15 years was
9I - 94 Vo.

Volume
In ttre nelder tial volume at age 15 ranged from 133 to 634*3/ha. At equivalent
stockings it was lower in the block planting plots reflecting the lower basal area. (Table
6). MAI at 

^Ee 
15 years ranged from 8.9 m3lhalyeu to 42.j 

^3lhuly"*and 
has

clearly not peaked at any stocking (Table 7). Season appea$ to have had a ma¡ked
effect on CAIs with trees at age 13 yeæs, for example, having markedly less annual
increment than the previous or subsequent years (Table 8). Large increments have
occurred at age 15 in stockings up to 840 s/ha in the nelder. At greater stockings
there were large volume increments at age 14 yeæs. The block planting plots had a
similar dip at age 13 years and an increase in each subsequent year, with age 15 years
recording the highest CAI. The CAIs achieved at age 14 in the nelder and at age 15 in
the block planting plots were very similar; the 1100 s/ha initial stocking achieving 37
and 39 m3iha respectively and the 1500 s/ha achieving M and 45 m3lha.
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. CONCLUSION

Mean Top Height was similar at coresponding stockings in both the nelder trial and
block planting plots despite reservations about how it is derived for the nelders. The
block planting plots are adjacent to the nelders and would be expected to have the
same site quality. The consistency of MTH through the plots and nelder experimenl
combined with the independence of MTH to stocking differences, supports the
usefulness of MTH as an indicator of site quality for E. regrums.
Mortality was significantly different in the nelder plots compared to the block planting
plots, which may account for the difference in basal area. The block planting plots had
higher mort¿lity and lower basal area compared to the nelder trial. Because of the
variation in their initial estabishment, basal area results for the 2 tials may not be
entirely compatible. However some of the stand parameters are similar; for example
for corresponding stockings the highest CAIs of volume are virtually the same in the
nelders and block planting plots, although occurring in different years; at age 14 years
nelders and at age 15 years in the plots.
There were no unthinned block planting plots at low or very high initial stocking with
which to compare the nelder.
The nelder rial design depends on 1007o survival initially and the early Eee losses and
consequent adjustments made in the analysis were not desi¡able. Splitting the nelder
design (a circular plot) into two semicircles may have also affected basal area and
volume growth due to edge effect.



TABLES OF SMOOTHED NELDER DATA AND BLOCK
PLANTING PLOT DATA

lable 2. Mèan Top Heigþt (m)

Nelder
IntUal

Agc 90 120 t60 zto 278 s85 4AO 696 siro 1100 r¡so ieao-E?o-9aoo'

4 8.8 8.9 I 9.1 9.2 9.3 9.4 9.5 9.6 9.7 9.8 S.9 10 loJ 10¿õ lo.7 to.8 ll tl tt.2 11.3 11.4 lt.6 tL.7 11.8 11.9 t2 Lz.t 12.3 L2.4a t2.7 12.9 l3 l3.l 13.3 13.5 13.6 13.8 13.9 r4.l r4.2 t4.4 14.5 t4.7 I4.87 14.9 l5 l5.l t5.2 15.3 15.5 15.6 15.8 15.9' 16 16.1 16.2 16.4 16.5 16.68 17.1 t7.2 t7.4 t7.4 t7.6 t7.7 t7.9 18 18.1 18.2 18.4 18.5 18.6 t8.7 18.99 l8 18.2 18.4 18.5 18.6 18.9 l9 r9.2 19.4 19.5 19.7 19.9 20 20.2 20.4ll 22.2 22.3 22.4 22.5 22.6 22.7 22.8 22.9 23 29.2 23.3 29.4 2g.5 23.6 23-7t2 24.4 24.6 24.8 24.9 25.1 25.4 25.5 25.7 25.9 26.L 26.3 26.5 26.6 26.8 2713 26.1 26.2 26.3 2A.3 26.4 26.5 26.6 26.7 26.8 26.9 2? 27.t 27.2 27.g 27.414 27.3 27.5 27.6 27.6 27.7 27,9 2,ft 28.L 28.2 28.9 28.4 2A.6 28.6 28.7 28.85 28.9 29 29.2 29.3 6 29.7 29.7 .9 30 30.

Plots
Intttal

Age 1160 A4SO

4 9.4 0.2 9.3 0.5
6 11.6 0.2 r2.L O.7
6 t4 0.2 l4.l 0.5
7 16.2 0.2 15.8 0.6
8 18.2 0.3 t7.9 0.9
9 19.3 0.2 19.5 I
lo 21.7 0.2 22.1 l.l
11 24.2 0.8 23.6 0.5
L2 26.4 0.8 25.7 0.7
13 27.7 1.3 26.5 0.9
t4 28.7 I 28.6 0.4
l5 3l.l 1.3 30.3 0.e
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lable 3. Mean Height (m)

Nelder
' Inltlal Stoctlnc fsohl

eg.

4 8.3 8.3 8.3 8.4 A.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 a¿ a¿ e.¿6 10.4 10.4 10.4 10.4 10.4 lO.4 10.4 ro.4 10.4 lo.4 10.4 lO.4 lo.4 10.4 lo.46 12.3 L2.4 r2.4 r2.4 12.4 t2.5 L2.5 r2.5 12.6 12.5 12.6 12.6 12.6 12.6 L2.77 14.5 t4.4 t4.4 t4.4 14.3 r4.3 14.3 t4.2 t4.2 14,1 14.1 14.1 L4 L4 L48 16.8 16.7 16.6 16.6 16.5 16.4 16.3 16.2 16.1 16 15.9 15.8 15.7 15.6 15.69 l8 t7.9 t7.8 L7.7 L7.6 17.6 17.4 17.3 t7.2 L7.t t7 16.9 16.8 t6.7 16.6l1 22.1 21.8 21.6 2t.4 21.2 20.8 20.6 20.3 20.1 19.8 19.6 19.3 19.1 18.8 18.6t2 2/L 23.8 23.5 23.3 23.t 22.8 22.5 22.3 22 21.8 21.6 21.3 21.1 20.8 20.6t3 2ß 25-5 25.r 24.9 24.5 2S.9 23.5 23.1 22.7' 22.3 2L.9 2t.5 21.1 20.7 20.3t4 27.7 27.r 26.7 26.4 i2ß 25.3 2/1.9 %1.4 2/L 25.5 23.1 22.7 22.2 2L.7 21.316 29.4 28.9 27.5 26.8 26.3 25.8 23.8 23.3

Plots
Inittal

Agc 1160 2Æo

4 7.9 0.2 7.t
6 9.9 0.2 9.2
6 I1.8 0.2 10.8
7 13.6 0.2 t2.4
8 15.3 0.2 13.8
9 16.3 0.2 l5.r
10 18.3 0.2 16.7
ll 19.8 0.5 t7.9
12 2t.4 0.2 19.7
l3 22.9 0.6 20.5
14 24.3 0.5 2r.7
ló 25.8

o.7
o.7
o.7
0.6
0.8
0.8
o.7
0.6
0.7
0.8
o.7
1.1
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Table 4. Basal Area 1627ha)

Nelder

Inttlal
Agc

4
õ
6
7
E
I
11
t2
l3
t4

90 l2o 160 2lo 27|ó 96õ ¿ßo 6gó 84{, tloo r¿eo reao zrzo saoo

0.9
1.4
2.3
3.2
4

4.5
6.8
7.8
8.6
9.8
ll

1.4 1.9
2.3 3.1
3.7 4.8
5.1 6.6
6.3 7.9
7.7 9.7
LO.7 13.5
11.9 14.9
l3.l 16.2
14.5 17.7
16.2 19.5

2.s 2.2 s.s 4.2 5 6.1 2.5 s.z tl.s l4.l lzs zz.t3.5 4.2 5.1 5.9 7 8.3 tO 12.r 14.6 17.8 21.5 26.L5.5 6.2 7.2 8.1 9.4 l1 13.2 15.6 18.5 21.9 ,t2ß 30.87.3 8.1 9.1 LO.z ll.8 13.8 16.4 19.1 22.2 25.7 29.9 95.78.9 9.8 11 r2.3 t4.2 16.5 l9.S 22.2 25.3 28.9 33.4 4o.tlo.8 11.9 13.3 L4.7 16.8 19.3 22.4 25.5 28.6 32.3 97.4 45,.A
14.9 16.3 l8 19.8 22.9 2â.4 28.8 32.1 35 38.6 44.6 56.1
16.3 I7.8 19.5 21.5 24.2 27.5 gt.z 34.5 g7.g 40.9 47.g 60.3
17.8 19.2 zL.L 23.1 25.9 29.3 3f! 36.2 3E¡ 42.7 49.4 69.7
19.3 20.7 22.6 2/L.A 27.8 31.3 S5.2 38.4 4t M.4 51.5 67.4

24.2 26.4 40.5 42.6 45.4 52.7 70.9

Agc 1160 ÆO

me¡n ¡.G. mt ñ a.c.

4 6.3 0.4 8.5
õ 9.4 0.7 t2.l
6 12.4 0.9 15.5
7 l5 I 18.7
a 17.7 t.2 2r.6
9 20.5 1.1 24.9
lo 22.A 0.9 27.8
ll 2s.3 I 30.4
t2 27 t.2 32.1
13 28.3 1.2 33.7
L4 29.9 1.3 35.s

31.8 1.5

2
2.6
2.5
2.5
2.5
2.r
1.8
1.6
1.6
1.5
1.5
1.6

10



lable 5. Survival Percentagie

Nelder

Agc 9o l2o 160 21o 276 s66 4ao 696 B4o lt(Xt l¡160 tg4o zrzo s¿oo

4 100.0 100.0 100.0 100.0 lo0.o 100.0 loo.o loo.o loo.o 100.0 roo.o too¡ rooo rooo r
5 98.9 98.3 98.7 98.7 98.6 98.8 98.8 98.7 98.8 98.8 98.9 98.9 99.0 9Sì.0 9s¡.0
6 97.7 97.5 98.1 98.2 98.2 98.2 98.3 98.3 98.3 98.5 98.5 98.5 98.6 98.7 98.7
7 97.7 97.5 97.6 97.7 97.4 97.7 97.7 97.8 98.0 98.0 98.1 98.1 98.2 98.3 98.3
8 96.6 96.7 96.8 96.6 97.O 97.t 97.3 97.3 97.4 97.5 97.6 97.7 97.8 g7.g 97.9
9 95.4 95.8 96.2 96.1 96.2 96.6 96.7 96.7 96.9 96.9 97.1 97.2 97.3 97.4 97.5
ll 94.3 94.2 94.3 94.5 94.9 95.2 95.4 95.4 95.7. 95.9 96.0 96.1 96.3 96.4 96.5
t2 s3.l e3.3 93.7 94.0 94.1 94.4 94.6 94.8 95.0 95..2 95.3 95.5 95.7 95.9 96.0
l3 92.0 92.5 93.0 93.0 93.3 93.6 94.0 94.2 94.4 94.5 94.7 94.9 95.1 95.3 95.5
t4 92.O 9t.7 92.4 92.4 92.5 93.0 93.1 93.4 93.7 93.9 94.1 94.3 94.5 94.7 94.95 9O.8 90.8 9!.1 et.4 91.7 92.2 92.3 92.6 92.9 93.2 93.4 93.7 9S.9 94.

Ptots

Intüaf
tl60 wo

r{gc

4 94.2 2.9 94.8 2.9
õ 93.2 2.4 93.9 3
6 92.9 2.L 93.3 3.2
7 89.7 1.3 90.3 4.4
8 86.8 1.3 85.9 5.4
9 86.2 t.l 84.6 5.2
10 83 0.7 82.2 5.5
11 79.8 0.5 79,.6 6.7
t2 79.4 0.3 73.4 6
13 74.7 t.2 69.8 5.3
14 7t.L 0 67.6 5.1
ló 68.9 t.4 6l.1 3.5

1l



Table 6. Volume 1637na)

Nelder
Intttal

90 t20 160 2to 27ó A66 ¿lao 6¡tõ E4(' lloo r¿eo reao z¡zo saoõ {a9õ

17 2t 25 30 37
æ3ft404960

t2
22
38
55

I
l8
32
47
66

67
t2 l5
23 27
35ß
49 57
64 74

35
69
ll t7
l9 27
27 35)

35 50
6384
8Íl lo5

.agc

4
õ
6
7
a
I
lt
12
13
t4

L4
25
4Iß
60 67

47 60 80
74 91 111

53
75
tor

62 75 g2 111 lS3 L67
88 103 123 146 t7r 2oo
116 134 L57 185 217 25576 82 90

85 98 lO5 ll5 t27 t4 164 190 222 26L 309103 tt7 ltr' 152 163 I77 194. 2t5 2& 271 310 355 4lOl2/L 138 157 l8l 197 215 2æ 260 2gI 920 3et 420 4g¿95 tzt 145 16l l8l 205 220 237 2# 279 305 gw 382 4& 6L7tt2 t42 169 188 210 2æ 252 270 291 316 W g7g 426 ß7 566133 167 197 2t8 243 275 29,9 31r 330 S49 æ7 S94 4g 519 634

Plots
Intttal
1160 wo

Age

420t26
1537346
658568
781 6rx
I 107 I l2t
9 138 I t47
lo 168 7 185
tl 200 l0 2t4
L2 2A3 l3 258
l3 25¡2 L4 280
t4 2U 13 316

7
12
t5
L7
20
2/L

20
25
i2A

i2a
2,Íl
s232S t7

t2



lable 7. Voh¡ne MAI (mB ltlaiyrl
Nelder

-, 4ss e5uga¡¡¡ll fÞPu,9o I'2o 160 2lo 27ú s6ú ¡lso 6r¡õ B4o llq, t46o tg4o zrzo saoo {¿9o

0.8 1.3
1.2 1.8 2.4 3.0 3.6 4.4 5.0 5.8 6.6 8.0 9.8 tz.O 14.8 t8.2 22.23.8 4.5 5.3 6.3 6.8 7.7 8.8 10.3 t2.5 15.3 18.5 22.2 26.25.0 6.7 6.7 7.9 8.6 9.6 LO.7 12.6 t4.7 L7.6 20.9 %1.4 28.66.1 7.t 8.3 9.5 10.3 11.3 12.6 14.5 16.8 19.6 23.t 27.r 31.97.t 8.2 9.4 10.9 LL.7 12.8 14.1 16.0 18.2 2r.l 24.7 29.0 34.39.4 10.6 l2.l 13.8 14.8 l6.t 17.6 19.5 21.8 2/1.6 28.2 32.3 37.3

r0.3 lt.5 13.1 l5.l 16.4 t7.9 L9.7 21.7 23.9 26.7 3o.S 35.0 4l.OIt.2 12.4 13.9 15.8 16.9 ta.z I9.7. 2],6 23.5 25,.9 29.4 33.8 39.8
Iz.t 13.4 15.0 16.9 18.0 19.3 20.8 22.6 24.6 27.L 30.4 34.8 û.4
l3.l 14.5 20.7 22.O 3/L6 42.5

Agc

4
6
6
7
a
I
1t
L2
l3
t4

1.5 1.8 2.3 3.0 3.5 4.3 5.3 6.3 7.5 9.S lt.8 rs.o 2o.o

1.8
2.7
3.4
3.9
6.7
6.9
7.3
8.0

2.A
3.9
4.9
5.6
7.6
8.8
9.3
10.r
ll.l

Table 8. Volume CAI (m37¡¿¡

Nelder
Infüat

Agc 90 l2O 160 zt0 27ó 366 ¿laO 6ft5 84o tlOO t.l60 tg4{¡ 26Z0 94.ln

ã 3.0 4.O 6.0 8.0 9.0 l0.o ll.0 L2.o I2.O l5.O l9.O 23.0 27.O 31.0 3l
6 5.0 8.0 ll.0 12.0 14.0 16.0 16.0 L7.O 20.O 22.O 26.0 32.0 37.O 42.O
7 8.0 10.0 tz.o 13.0 15.0 t7.o 19.0 21.0 22.o 26.0 28.0 3l.O 35.0 38.0
a 8.0 12.0 14.0 17.0 19.0 21.0 22.O 23.0 26.0 28.O 31.0 34.0 39.0 46.0
9 8.0 ll.0 l5.o t7.o l9.o 22.o 23.0 25.O 26.0 28.O 30.0 33.0 37.0 44.O

ll 14.0 t7.o 19.5 2t.5 24.O 27.O 2e.O 31.0 39.5 35.5 38.0 40.5 44.0 47.O
12 20.0 21.0 21.0 2t.o %L.o 29.o 34.0 38.0 42.0 45.0 47.0 49.0 54.0 65.0
l3 t2.o 16.0 21.0 23.0 24.O 2A.O 23.0 22.0 20.0 19.0 18.0 t7.O 18.0 2o.O
t4 t7.o 21.0 24.O 27.O 29.0 S1.O 32.0 33.0 35.0 37.O 39.0 42.O 44.O 47.O
lð 21.0 25.O 2A.O 41.0 41.0 39.0 33.0 3.2.O

t3
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