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ABSTRACT 

Eighty-two seedlots of the five New Zealand taxa of Notho
fagus; red beech (N. fusca), silver beech (N. menziesii), hard 
beech (N. truncata), black beech (N. solandri var. solandri) 
and mountain beech (N. solandri var. cliffortioides) were collected 
from different localities throughout New Zealand. Each seedlot 
was weighed and, where there was sufficient seed, tested for 
viability. The ethanol soak test was preferred for the bulk testing 
of viability because it gave similar results to other accepted 
viability tests and was quicker and less destructive of seed. Seed 
weights were positively correlated with viability, and were gener
ally found to lie within the ranges ascribed by previous authors. 
Latitude of origin appeared to have no influence on seed weight 
and viability. No correlation was detected between seed weight/ 
viability and altitude of origin. Red, silver and mountain beech 
clearly benefited from a stratification period of 70 days, whilst 
the benefit for black beech was negligible. The shape of mountain 
beech seed {triquetrous or flat) had no effect on seed viability or 
weight. 

INTRODUCTION 

There are four species of Nothofagus in New Zealand, one with 
two recognised varieties: red beech (N. fusca), silver beech (N. 
menziesii), hard beech (N. truncata), black beech (N. solandri 
var. solandri) and mountain beech (N. solandri var. cliffortioides). 
For reasons of convenience the two varieties will be referred to 
as "species" in this article. 

Studies were made on seed collected for the establishment 
of a seedling trial to investigate any genetic variation which might 
exist amongst New Zealand Nothofagus species. Little work has 
been reported from this field in New Zealand. In Chile, Donoso 
(1979) studied genecological variation within the range of N. 
obliqua, and found distinct clonal variation in seed weight and 
number of stamens per male flower. 

*Forest Research Institute, Ilam, Christchurch. 
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Most of the New Zealand literature on Nothofagus seed deals 
with aspects of flowering phenology and seed production which 
may affect levels of natural regeneration—e.g., Poole (1948), 
Wardle (1974) and Manson (1974). More detailed work on 
flowering and fruit formation has been published by Poole (1950, 
1952). 

Patterns of flowering and seedfall are not consistent either 
within or between the five species, and vary from year to year 
and between regions (Poole, 1948; Franklin, 1974). For ex
ample, the average interval between good seed years for black 
beech approximates 10 years (Wardle, 1974). Good seed years 
rarely coincide in all regions. The summer of 1978-9, however, 
witnessed good flowering followed by moderate to good seedfall 
over much of New Zealand. Some regions {e.g., Nelson) re
ported good seedfalls for all five species. The opportunity was 
taken to organise a national collection from as many populations 
of beech as possible. Eighty-two seedlots from 50 regions (proven
ances) were received from as far apart as Mt Te Aroha in the 
north and Rowallan State Forest in the south (Table 1, Fig. 1). 

Cleaning the seed before stratification and sowing in the spring 
had to be completed quickly, but time did permit a limited 
number of studies of: 

(1) Seed viability. 
(2) Seed weight and viability. 
(3) Seed stratification. 
(4) Seed shape. 

METHODS 
Instructions sent to seed collectors emphasised that seed must 

be collected from well-spaced trees represented in as typical 
a part of the forest as possible. However, in practice most 
collections were made from trees growing along or close to the 
margins of forest stands. The connection between quantity of seed 
available and improved site quality, as would be likely along 
forest margins, has been noted by Wardle (1970). In this study 
no attempt was made to estimate the quantity of seed falling per 
unit area. 

Seed Viability 
In the limited time available between receiving the collections 

and placing them into stratification before spring sowing, all 
seedlots were cleaned (twigs, leaves, seed capsules removed), 



TABLE 1: DETAILS OF NOTHOFAGUS 

Code Seedlot 

L BLACK BEECH 

1. 9/0/79/582 
2. 9/0/79/542 
3. 9/0/79/555 
4. 9/0/79/554 
5. 9/0/79/545 
6. 9/0/79/553 
7. 9/0/79/556 
8. 9/0/79/552 
9. 3/0/79/023 

II. HARD BEECH 

10. 9/0/79/2336 
l l . 9/0/79/616 
12. 5/0/79/008 
IH. RED BEECH 

13. 9/0/79/584 
14. 9/0/79/579 
15, 9/0/79/574 
16, 9/0/79/547 
17, 9/0/79/587 
18. 9/0/79/573 
19. 9/0/79/580 
20. 9/0/79/588 
21. 9/0/79/589 
22, 9/0/79/572 
23. 9/0/79/591 
24. 9/0/79/598 

Provenance 

Bainham 
Hundalee Hills 
Mt Grey 
Panekirikiri 
Branch River 
Coopers Creek 
Rai Valley 
Golden Downs 
Gwavas 

Mamaku Plateau 
Garvey Creek 
Ahaura 

Cobb River 
Kaweka Range 
Kaweka Range 
Branch River 
Mt Grey 
Moanui 
Brown River 
Mawhera 
Maruia 
Banks Peninsula 
Panekirikiri 
Lake Sumner 

Conservancy 

Nelson 
Canterbury 
Canterbury 
Rotorua 
Nelson 
Canterbury 
Nelson 
Nelson 
Wellington 

Rotorua 
Westland 
Westland 

Nelson 
Wellington 
Wellington 
Nelson 
Canterbury 
Rotorua 
Nelson 
Westland 
Westland 
Canterbury 
Rotorua 
Canterbury 

Seed 
Trees 

2 
8 
9 
6 

10 
8 
4 
8 
* 

6 
4 
* 

6 
6 

10 
10 
2 
9 
3 
8 
* 
5 
9 
8 

Collection 
See 
We 

Date {no. se 

14/5/79 
27/3/79 
3/4/79 
5/4/79 

17/4/79 
10/4/79 
27/4/79 
27/4/79 
17/4/79 

5/4/79 
—/4/79 
19/4/79 

14/4/79 
—/4/79 
13/3/79 
7/4/79 
3/4/79 
8/4/79 

14/5/79 
—/4/79 
—/4/79 
24/4/79 

6/4/79 
27/4/79 
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9/0/79/570 
9/0/79/602 
9/0/79/2333 
9/0/79/569 
9/0/79/600 
9/0/79/603 
9/0/79/2332 
9/0/79/2331 
9/0/79/2330 
3/0/79/082 
3/0/79/078 
3/0/79/043 
3/0/79/021 
3/0/79/022 
SILVER BEECH 

9/0/79/490 
9/0/79/585 
9/0/79/541 
9/0/79/581 
9/0/79/548 
9/0/79/599 
9/0/79/2385 
9/0/79/604 
9/0/79/2328 
9/0/79/559 
9/0/79/2327 
9/0/79/2326 
9/0/79/2329 

9/0/79/619 
9/0/79/557 
9/0/79/620 
5/0/79/006 

Eglinton Valley 
Garvie Mountains 
Kaimanawa 
Rahu Saddle 
Big Bush 
Golden Downs 
Karioi 
Mamaku 
Mt Te Aroha 
Tararua Range 
Tararua Range 
Kaimanawa Range 
Gwavas 
Kaweka Range 

Mid Dome 
Cobb River 
Totara Flat 
Brown River 
Branch River 
Catlins 
Huiarau Range 
Golden Downs 
Karioi 
Pisa Range 
Mamaku Plateau 
Mt Te Aroha 
Northern Kaimanawa 
Range 
Moanui 
Rowallan 
Milford Sound 
Totara Flat 

Southland 
Southland 
Wellington 
Westland 
Nelson 
Nelson 
Wellington 
Rotorua 
Auckland 
Wellington 
Wellington 
Wellington 
Wellington 
Wellington 

Southland 
Nelson 
Westland 
Nelson 
Nelson 
Southland 
Rotorua 
Nelson 
Wellington 
Southland 
Rotorua 
Auckland 

Wellington 
Rotorua 
Southland 
Southland 
Westland 

9 
9 

l l 
8 

10 
7 

12 
l l 
3 
$ 
# 
* 
* 
* 

6 
8 
7 
3 
3 

10 
12 
8 

12 
5 

l l 
8 

5 
9 

l l 
* 
* 

12/3/79 
5/4/79 
5/4/79 

—/4/79 
—/4/79 
—/4/79 
3/4/79 

28/2/79 
29/3/79 
26/1/79 
21/1/79 
29/3/79 
2/4/79 

—/4/79 

19/3/79 
14/5/79 
—/4/79 
14/5/79 
17/4/79 
11/4/79 
2/4/79 

27/4/79 
3/4/79 
2/4/79 

27/3/79 
29/3/79 

6/4/79 
—/4/79 
10/4/79 
26/3/79 
19/4/79 



Code Seedlot Provenance Conservancy 
Seed 
Trees 

V. MOUNTAIN BEECH 

8. 9/0/79/578 
9a,9/0/79/586a 
9<b;9/0/79/586b 
0. 9/0/79/583 
1. 9/0/79/575 
2. 9/0/79/568 
3. 9/0/79/567 
4. 9/0/79/566 
5. 9/0/79/565 
6. 9/0/79/564 
7. 9/0/79/563 
8a.9/0/79/562a 
8b.9/0/79/562b 
8c.9/0/79/562ei 
8d.9/0/79/562d 
9. 9/0/79/546 
0. 9/0/79/530 
1. 9/0/79/561 
2. 9/0/79/489 
3. 9/0/79/560 
4. 9/0/79/590 
5. 9/0/79/597 
6. 9/0/79/2334 
7. 9/0/79/2335 
8. 9/0/79/624 
9. 4/0/79/027 
0. 5/0/79/007 

Ruahine Range 
Craigieburn Range 
Craigieburn Range 
Cobb River 
Murchison Mountains 
Lake Chalice 
Beebys Range 
Rowallan 
Harper River 
Craigieburn Range 
Mavora Lakes 
Craigieburn Range 
Craigieburn Range 
Craigieburn Range 
Craigieburn Range 
Raglan Range 
Eyre Mountaina 
Lake Ohau 
Mid Dome 
Craigieburn Range 
Douglas Range 
Craigieburn Range 
Karioi 
Desert Road 
Ada Pass 
Reefton 
Totara Flat 

Wellington 
Canterbury 
Canterbury 
Nelson 
Southland 
Nelson 
Nelson 
Southland 
Canlterbury 
Canterbury 
Southland 
Canterbury 
Canterbury 
Canterbury 
Canterbury 
Nelson 
Southland 
Southland 
Southland 
Canterbury 
Nelson 
Canterbury 
Wellington 
Wellington 
Westland 
Westland 
Westland 

l l 
6 
2 
8 
8 

10 
10 
9 
9 
2 
8 
3 
2 
3 
1 

10 
9 

10 
1 

10 
1 

12 
12 
10 

1 
* 
* 

Unknown number of trees 

1—contd 

Seed 
Collection Weigh 

Date {no. seed 

nn/19 
28/3/79 
28/3/79 
—/4/79 
—/4/79 
—/4/79 
—/A/19 
27/3/79 
3/4/79 

28/3/7? 
10/4/79 
28/3/79 
28/3/79 
28/3/79 
28/3/79 
17/4/79 
19/3/79 
15/4/79 
19/3/79 
5/4/79 
9/4/79 

28/3/79 
4/4/79 
5/4/79 

15/4/79 
23/3/79 
19/4/79 

50 
27 
30 
53 
33 
62 
85 
28 
17 
18 
30 
21 
24 
34 
27 
54 
21 
28 
42 
30 
62 
29 
40 
29 
21 
41 
18 
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1 Mt Te Aroha(R.S.) 
2 Mamaku Plateau(H) 
3 Moanut(S) 
4 Huiarau Range (S) 
5 Panekink.r. (B.R.) 
6 Nth Kaimanawa Range(S) 
7 Kaimanawa Range(R) 
8 Desert Rd (M) 
9 Kaweka Range(R) 

10 Karioi (R.S.M.) 
11 Gwavas (B.R.) 
12. Ruahine Range(M) 
13 Tararua Range (R) 
14 Bainham (B) 
15 Brown River(R.S.) 
16 Cobb River (R.S.M.) 
1 7 Douglas Range(M) 
18 Rai Valley (B) 
19. Golden Downs (B.R.S.) 
20 Big Bush(R) 
21 Beebys Range (M) 
22 Raglan Range(M) 
23 Lake Chal ice(M) 
24. Branch River (B.R.) 
25. Hundalee Hil ls(B) 
26. Reefton (M) 
27. Garvey Creek (H) 
28. Rahu Saddle(R) 
29. Maruia (R) 
30. Ada Pass(M) 
3 1 . Totara Flat (M.S.) 
32. Ahaura (H) 
33. Mawhera (R) 
34. Lake Sumner (R) 
35. Harper River (M) 

AUCKLAND 
CONSERVANCY 

M = MOUNTAIN BEECH 
R = RED BEECH 
S = SILVER BEECH 
B = BLACK BEECH 
H = HARD BEECH 

<\ 

Rotorua 

> ROTORUA # 

' • • 7 6 

• 1 0 
WELLINGTON 

CONSERVANCY 

NELSON 
CONSERVANCY. I 

177° 

36 Craigieburn Range(M) 
37. Mt. Grey ( B R ) 
38 Coopers Creek (B) 
39 Banks Peninsula (R) 
40 Lake Ohau (M) 
41 Pisa Range (S) 
42 Milford Sound (S) 
43. Eglinton Valley (R) 
44. Murchison Mountams(M) 
45. Mavora Lakes (M) 
46. Eyre Mts. (M) 
47. Mid Dome (M.S.) 
48. Garvie Mts (R) 
49. Rowallan (S.M.) 
50. Catlins (S) 

FIG. 1: Locations of NdthofagUiS seed provenance collections. 
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weighed, and assessed for viability. The methods involved in the 
first two steps were standard, but for the third there were three 
options. 

1. Cutting test: One hundred seeds were cut in half and the 
condition of the endosperm examined. Empty seeds and those 
with "milky, unfirm, mouldy, decayed, shrivelled or rancid smel
ling embryos" (U.S. Forest Service, 1974) were considered non
viable. Good seed was well filled and had a white or cream-
coloured kernel. 

2. Standard germination test: As prescribed under the Inter
national Rules for Seed Testing (1966) 400 seeds were taken and, 
after 10 weeks' stratification, were germinated on moist pads at 
25°C in a germination cabinet. 

3. Ethanol soak method: One hundred seeds were soaked in a 
concentrated ethanol solution for 15 to 30 seconds. Viable full 
seeds sank, whilst empty seeds floated. Before using this method 
a small trial determined the concentration of ethanol best suited 
for testing Nothofagus seed. One hundred seed from each of red, 
silver and mountain beech were soaked in four concentrations of 
ethanol (99/100%, 97%, 94%, and 91%). Although the 
difference between the two most concentrated solutions was small, 
the 99/100% concentration gave the highest viabilities which 
matched most closely the figures obtained from the preliminary 
cutting and standard germination tests. It was therefore used for 
all subsequent ethanol testing. 

Three seedlots (Nos 24, 49, and 65 in Table 1) were used to 
test methods 1, 2 and 3 against each other. 

Seed Weight and Viability 
Clean and dried samples of all seedlots were weighed and then 

tested for viability by the ethanol soak method. The weights of 
seed samples given in Table 1 and elsewhere are expressed as 
seeds per gram (seeds/g) and include both viable and non-viable 
fruit. The percentage of non-viable empty nuts can be large in 
Nothofagus seed samples, especially when conditions for flower 
development, pollination or fertilisation are marginal, because the 
genus is capable of true parthenocarpic development where no 
pollination or fertilisation is necessary for full nut and cupule 
development (Poole, 1950). 

Except for hard beech, where the sample was considered too 
small, all the seedlots (Table 1) were analysed for the relation
ships between seed weight and viability, between seed weight/ 
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viability and latitude or origin, and between seed weight/viability 
and altitude of origin. The altitudinal correlation was run for all 
seedlots by species and also separately for the Craigieburn Range 
mountain beech seedlots. The Craigieburn sequence covered 28 
trees from between 800 and 1250 rn a.s.l. The natural timberline 
for the area is 1350 m. 

Seed Stratification 

While running provenances through the standard germination 
test it became apparent that final germination percentage was 
closely related to the length of stratification. One provenance from 
each species was therefore chosen for a more detailed investigation 
of optimum stratification period. Samples of seed were soaked 
overnight in cold water then placed in small cloth bags. Excess 
moisture was lightly squeezed out before the bags were placed 
in a refrigerator held between 1 and 3°C. Stratification periods 
varied from overnight to 70 days. At each sampling date, 400 
seeds were removed from stratification, spaced out on moist ger
mination pads in petri dishes, and placed in a germination cabinet 
kept at between 20 and 25°C. 

Seed Shape 
Silver, red and hard beech seed normally contains two lateral 

triquetrous nuts and one median flat nut whilst mountain and 
black beech normally have one triquetrous and one flat nut (Poole, 
1950). One thousand randomly selected seeds from one seedlot 
of mountain beech (ex Eyre Mountains, Southland) were studied 
to determine the proportions of each seed shape, and their 
respective seed weights and viability. 

RESULTS AND DISCUSSION 

The cutting test and ethanol soak test for viability gave very 
similar results (Table 2). The standard test in a germination 

TABLE 2: VIABILITY OF RED, SILVER, AND MOUNTAIN BEECH 
SEED AS DETERMINED BY THREE DIFFERENT TESTS. 

Viability (%) 
Standard Germ Cutting Ethanol Soak 

Species Provenance Test Test Test 

Red beech 
Silver beech 
Mountain beech 

Lake Sumner 
Karioi 
Harper River 

64 
64 
81 

53 54 
63 63 
69 67 
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cabinet generally gave higher final figures, possibly because some 
embryos, defined in the cutting test as partially formed, were in 
fact, capable of germination. However, the ethanol test was chosen 
for the bulk testing because of its convenience. Not only was it 
the quickest test, but, unlike the standard and cutting tests, it 
was nan-destructive of the sample seeds. If the seed was washed 
in cold running water immediately after soaking in ethanol, 
viability was little affected. This was important, as the sample 
size of many seedlots was small. 

Seed Weight and Viability 
The ranking of the five beech species according to seed weights 

(Table 3) was the same as listed by Baird (1977) and, apart 
from the low seed weights found in the Nelson mountain beech 
seedlots, the range of weights displayed by all species matched 
the range of 66-435 seeds/g given by Preest (1963). 

TABLE 3: AVERAGE SEED WEIGHT AND VIABILITY OF THE 
FIVE NEW ZEALAND BEECH SPECIES 

Species No. of Seedlots Seed Weight 
in Sample 

Hard beech 
Red beech 
Silver 'beech 
Black beech 
Mountain beech 

3 
26 
17 
9 

25 

(Seeds/g) 

130.7 
152.3 
295.9 
300.0 
368.0 

(S.E.) 

(1.86) 
(6.09) 

(17.04) 
(14.70) 
(33.90) 

Viability 
(%) (S.E.) 

19 (3.27) 
39 (3.47) 
34 (5.34) 
29 (2.94) 
47 (4.88) 

Red beech seed weights were very similar despite the 7° 
latitudinal range covered (Table 1). Mountain beech seed yielded 
exceptionally low seed weights in the northern South Island 
(Nelson), and, if these are excluded from the mountain beech 
averages given in Table 3, the seed weight rises to 303 seeds/g 
(viability 47%)—very similar to the figures for black and silver 
beech. The reason for the low Nelson mountain beech seed weights 
is not known, but most of the Nelson seedlots came from the 
highest altitudes sampled, where seed development is more likely 
to be adversely affected by more frequent unfavourable climatic 
conditions (Donoso, 1979). 

Within each seed collection, individual trees were initially kept 
separate, but were then bulked together in provenances to find 
the relationship between seed weight and viability within each 
species. There was a low positive correlation between seed weight 
and viability within red and black beech (r = 0.42 and 0.46, 
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respectively, at P = 0.01) whilst for mountain and silver beech 
the positive correlation was moderate (r = 0.61 and 0.55, res
pectively, at P = 0.01). 

No significant correlation between seed weight and viability 
with latitude of origin was found within any of the five species 
examined. Donoso (1979) found that seed weight of N. obliqua 
in Chile diminished more or less gradually from north to south 
and postulated that seed weight is inversely related to precipitation 
which, in Chile, increases with increasing latitude. Other authors 
(e.g., Baker, 1972) found that seed weight tended to increase 
with increasing likelihood of exposure to drought after germin
ation. In New Zealand, as one moves to the east of the country 
drought conditions become more likely, but collections of any one 
species were not comprehensive enough to show any effect of 
such a climatic trend on seed weight or viability. There are very 
limited stands of Nothofagus within the drier regions of the 
species' range (e.g., silver beech on the Pisa Range, mountain 
beech around Lindis Pass, red beech in eastern Canterbury), 
and seed from these proved difficult to collect. 

No correlation was found between seed weight/viability and 
altitude of origin, either nationally for all species or locally for 
mountain beech in the Craigieburn Range. Other authors have 
found such a relationship. Donoso (1979) showed that seed 
weight of N. obliqua increased gradually from low to high altitudes 
in parts of the Chilean Andes. In New Zealand, the opposite 
relationship has been demonstrated. Manson (1974) reported a 
fall-off in silver beech quality and quantity up to 900 m in the 
Takitimu Range, Southland. Wardle (1970) found that seed weight 
and viability declined with increase in altitude in the Craigieburn 
Range. That the present study found no significant relationship 
could be explained by the insufficient seedlots of red, silver, or 
black beech collected from higher altitudes. Although the range 
of altitudes samples for mountain beech was greater, no correlation 
was found. This result may be atypical as a check on the long-
term seedfall records taken from a range of altitudes in the Craigie
burn Range (J. Wardle, pers, comm.) reveals that in 1979 the de
cline in seed quantity and quality with altitude was less marked 
than usual. Weather data from just above timberline were then 
examined to determine whether unusually favourable weather dur
ing the summer of 1978-9 may have encouraged the even develop
ment of seed at all altitudes. However, the season at the highest 
altitudes proved to have been cooler than average. Mean monthly 
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temperatures for December 1978 to March 1979 were 0.5°C 
lower than the long-term average and a record number of ground 
frosts were recorded for January and February. 

Marginal climates for seed development at higher altitudes 
can lead to incomplete seed maturation (Donoso, 1979), which 
is sometimes hard to detect visually in the seed, but can be re
vealed during germination and subsequent seedling development 
(Edwards, 1980). Although this may explain why the similarities 
found in seed weight and viability amongst the Craigieburn seed
lots were not seen in their performances as seedlings in the 
nursery, it is considered more likely that natural morphological 
genetic variation exists between the mountain beech seedlots at 
different altitudes. In the nursery, differences in seedling growth 
rate became apparent at an early age. The vigour of the seedlings 
from the higher sites was significantly less than that of seedlings 
from lower altitudes. Indeed, amongst all mountain beech seedlots, 
a significant relationship existed between altitude of origin and 
plant height at age 2 (Wilcox and Ledgard, 1983). No such 
relationship was found for red, black, and silver beech. 

Seed Stratification 
In all species, germination percentage improved with length 

of stratification (Table 4). However, a black beech behaved 
differently from the other three species. Germination of over 
82% was recorded after only 1 night's soak, whereas for the same 
period none of the others exceeded 22%. The other species clearly 
benefited from a stratification period of at least 70 days. 

TABLE 4: EFFECT OF STRATIFICATION PERIOD ON 
PERCENTAGE GERMINATION (AFTER 30 DAYS) IN 

NOTHOFAGUS 

Period of Stratification (days) 
Species Provenance Overnight 14 28 70 

Black beech Mt Grey 83 79 85 90 
Red beech Lake Sumner 2 8 17 64 
Mountain beech Harper River 13 25 46 81 
Silvex beech Karioi 21 44 52 64 

Little has been written about the treatment of New Zealand 
beech seed before sowing. Preest (1965) recommended 8-12 
weeks' stratification, but remarked that it was not known whether 
shorter periods might suffice. He found that pre-treatment of 
more than 6 months was not advisable, for after this period there 
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was a considerable drop in seed viability. Franklin and Beveridge 
(1977) reported that, without pre-treatment, red and silver beech 
have been successfully cool-stored for 8 years in sealed con
tainers at 6% moisture content. 

Seed Shape 
Little difference in weight and viability of mountain beech 

seed was found between the two shapes of seed (Table 5). The 
two shapes also performed similarly in the seedling boxes and in 
the nursery. 

TABLE 5: SEED SHAPE, WEIGHT AND VIABILITY IN 
MOUNTAIN BEECH 

Seed Shape Proportional Weight Viability (%) 
Amount (%) (Seeds/g) Cut test Ethanol soak 

Flat 40.9 207 65.4 62.0 
Triquetrous 59.1 201 78.3 70.6 
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