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Many authors who have concerned themselves with studies o f grow th and yield in forest trees 
have been aware of the reduction  o f increm ent th a t may follow upon abundant seed bearing. 
So did H artig  (1889) describe the phenom enon in beech after the big m ast year 1888, and p ro ­
ved that the width o f  the annual ring produced by two 150-year old beeches in the m ast year 
was reduced to  between one fifth  and one th ird  o f  tha t o f  the year before. Results o f  similar 
pu rport, also for beech, were presented by Schum acher (1890). M ikola  (1950) declared, with 
reference to  Norway spruce, th a t its grow th was rem arkably small in years o f copious cone 
bearing. H u stich ’s  study (1948) o f  the behaviour o f  Scots pine near the tree line o f  northern  
Finland suggests a similar relationship between cone bearing and increm ent, even though his 
material may not perm it definite conclusions to be made.

Research w ith a view to putting  absolute figures to the relationship between seed crop and 
w ood increm ent is, however, scarce. D anilow  (1953; here referred to  from  a translation  by the 
Norwegian Forest Research Institute) exam ined the influence o f cone bearing on the annual 
ring structure o f  Norway spruce. H is work was located in a forest district near C harovsk (NNE 
o f Moscow, on the latitude o f  Leningrad), in a plenterw ald stand o f N orway spruce, o f  an ave­
rage age o f 104 years (60-220), w ith 820 stems per ha. His observations confirm  a definite cor­
relation between cone bearing and reduction o f the annual ring w idth, a reduction which a f­
fects the late wood part o f the ring in particular. He found tha t trees bearing 100 or m ore cones 
each suffered an average drop in increm ent o f  6.0 1 (litres) in the seed year and 3.71 the year a f­
ter, against a mean annual increm ent o f 14.5 1 in the previous non-seed years. W ith 210 trees 
per ha bearing that quantity o f cones per tree, the loss o f increment amounted to at least 1.26 m 3 
per ha, considering tha t trees bearing fewer cones were om itted from  the calculations. W hen 
Danilow stipulates a seed year frequency o f  3-4 years it entails a mean annual increm ent loss o f 
0.3-0.5 m 3 per ha. P u t ano ther way, the loss o f  increm ent o f  heavily bearing trees is equivalent 
to 35-40 per cent in the seed year and 20-25 per cent the following year. To the direct loss o f in­
crement should be added a decrease in quality owing to  a less com pact w ood structure, and the 
fact that the heaviest cone bearing norm ally occurs in the biggest and m ost valuable trees.

Based on tree ring m easurem ents from  many beech stands representing a num ber o f  Danish 
localities, combined with da ta  on beech m ast years over a 100 year long period H olm sgaard  
(1955) established the relationship o f  age and reduction o f tree ring width caused by fructifica­
tion. From  the age o f about 130 years the tree ring width in good seed years -  which occur at 6-7 
years’ intervals -  is, on an average, only h a lf the size o f the rings o f non-seed years. Besides, 
there is a considerable reduction o f  increment for at least two years following a good seed year.

For Norway spruce H olm sgaard  (I.e.) has found, based on observations made in N ødebo 
forest district, north  o f  Copenhagen, tha t the tree rings o f old stands, fo r the seed years 1933, 
1941, and 1948, were reduced by 25-30 per cent com pared w ith the rings o f  young non-seed 
producing stands and tha t, similarly to  D anilow ’s findings, there seemed to be a decrease o f in­
crement in the year following a seed year.
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Fielding (1960; here cited from  M atthew s  (1961)) has calculated the loss o f increm ent due to 
cone bearing in P inus rad iata  in A ustralia. The m ean annual production , for average quality 
class stands during a 40 year period, o f pollen, cones, and seeds added up to ca. 1000 lbs per 
acre, corresponding to  ca. 3 m 3 per ha or ca. 16 per cent o f the mean annual increment (over the 
period). Seeing tha t pollen and seeds are richer in nutrients than  wood the loss is probably 
higher than 16 per cent.

E ise ta l. (1965) have clarified the relationship between cone bearing and annual ring index in 
Pseudotsuga menziesii, Abies grandis, and P inus m onticola and found a decline of increment 
for all three species in the seed year only. Tappeiner I I  (1969) confirm s this for Douglas fir, ad ­
ding tha t reduction o f ring width apparently  only occurs with heavy cone crops, leaving light 
crops w ithout such influence.

In connection with a study o f cone and seed production  o f Larix decidua in a forest district 
in southern G erm any M esser (1956) com puted the maximum cone production o f 115 year old 
larches (am ounting to  ca 2.2 tonnes o f air dry cones per hectare) to  equal a  loss o f increm ent o f 
3.59 m 3. For com parison the current annual increm ent was 3.4 m 3/h a  for the stand age and 
yield class in question.

Chalupka, Giertych and  K rolikow ski (1975) found from  stem analyses o f Norway spruce in 
northeastern Po land  th a t a  good cone crop will reduce volum e increment by 12-25%, or about 
2.5 m 3/h a , and state tha t figure to  represent »at least 3 times the dry weight o f the reproductive 
structures shed annually by a spruce stand per ha«.

Teich (1975) reports on 2 provenances o f W hite spruce (Picea glauca), which displayed early 
and abundant cone production . The reduction in height grow th during the period o f cone p ro ­
duction averaged 14 per cent, relative to  the non-cone producing provenances o f the trial.

In 1973, a good seed year, B uyak  (1975) examined 78 N orway spruces, uniform  except for 
their degree o f  cone bearing. This fell into 3 categories: 150 cones and over, 50-100 cones, and 
no cones per tree. Increm ent cores from  the trees revealed a fall in ring w idth for all cone bea­
ring trees in the seed year com pared with the year before. The reduction in ring width varied 
between 18 and 42 per cent o f th a t o f  1972, and 1974 appeared to be practically unaffected by 
cone production. The trees bearing no cones displayed virtually no changes in ring width over 
the three years.

M ethods and materials
The m aterial was provided by three contiguous stands in N ødebo forest district (N orth Zea­
land), com partm ent 140 a, b, and c, with ages at the time o f  the seed year (1954) o f 93, 74, and 
58 years, respectively. They were chosen because o f their contiguity, their standing on uniform  
soil and terrain , and having ages well distributed within the seed bearing period o f  Norway 
spruce.

In February 1955, when a bum per seed crop was certain, sample plots were established, A ,
B, and C, one in each o f  the three stands, each plot to  com prise about 200 trees, and extending 
to 0.5-0.25 hectares. The trees were num bered and m easured for diam eter breast height. Below 

is given a  description o f  the plots:
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A B C

Area, ha : 0.544 0.345 0.242
Age from seed, years : 93 74 58
No. of stem s/ha : 430 559 833
Diam .b.h., cm : 35.1 28.7 23.7
Height, m : 27.9 26.1 22.4

Each tree was assigned to  one o f three cone bearing classes:
I: None or very few cones.

II: N orm al cone bearing.
Ill: Heavy cone bearing.
In each plot 15-20 test trees were selected for further exam ination.

The distribution o f  cone bearing classes.

Classes Test trees All trees
Plots 1 II III total I II III total

A n 7 7 5 19 37 186 II 234
% 37 37 26 16 79 5

B n 7 5 3 15 24 148 21 193
% 47 33 20 12 I I II

C n 7 9 4 20 53 131 18 202
°7o 35 45 20 26 65 9

In late February 1955 all cones from  the test trees were collected by climbing. Im mediately 
afterw ards the cones from  each tree were counted and weighed, and a sample o f about 1.5 kg 
detached for fu rther analysis. F rom  the less productive trees the entire crop was used (up to  2.4 
kg). The sample cones were counted and weighed, fresh as well as dried (at 105°C for 48 hours) 
with separate da ta  for seeds + wings and em pty cones, see Tables 1-3.

Table 1. Plot A. Cone and seed data of the selected test trees.
Tabel 1. Prøveflade A . De udvalgte prøvetræers kogle- og frødata.

T re e  C o n e  f r e s h  w e ig h t N o .  o f  c o n e s  A v e ra g e  c o n e  w e ig h t D ry  w e ig h t  o f  s a m p le  D ry  w e ig h t  C o n e
N o . to ta l  /  s a m p le  io ta !  /  s a m p le  f r e s h  /  d r y  to ta l  /  se e d s  +  w in g s  A ll c o n e s  b e a r in g

kg kg g g g E % kg c la ss

43 0.37 0.37 8 8 46.63 32.47 259.73 25.73 9.91 0.26 I
46 0.10 0.10 4 4 26.00 19.19 76.77 6.67 8.69 0.08 I
57 10.78 1.44 330 44 32.68 24.70 1086.64 126.24 11.62 8.15 II
69 11.28 1.57 360 50 31.30 23.10 1154.96 96.46 8.35 8.32 II
77 1.64 1.64 40 40 40.93 29.96 1198.34 123.94 10.34 1.20 I
85 0 0 0 0 0 0 0 0 0 0 I

103 16.33 1.67 441 45 37.07 27.33 1229.84 127.74 10.39 12.05 II
116 19.13 1.18 615 38 31.13 23.59 896.36 105.06 11.72 14.51 III
126 23.13 1.39 899 54 25.74 19.63 1059.94 154.04 14.53 17.65 II
140 20.63 1.37 1220 81 16.91 12.66 1025.52 150.82 14.71 15.45 III
153 9.78 1.20 448 55 21.84 16.44 904.22 116.42 12.87 7.37 II
170 1.06 1.06 36 36 29.47 21.29 766.45 79.35 10.35 0.77 I
181 16.83 1.44 785 67 21.45 16.12 1080.13 122.93 11.38 12.66 III
193 15.13 1.62 588 63 25.75 19.44 1224.99 148.09 12.09 11.43 II
201 11.53 1.27 519 57 22.23 16.45 937.77 139.57 14.88 8.54 III
203 1.12 1.12 25 25 44.60 31.68 792.01 80.81 10.20 0.79 I
209 11.93 1.54 520 67 22.94 17.33 1161.36 156.86 13.51 9.01 III
221 22.63 1.62 754 54 30.00 22.03 1189.82 153.62 12.91 16.61 II
233 0.55 0.55 14 14 39.00 29.00 405.95 38.25 9.42 0.41 I
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T ab le  2. Plot B. Cone and seed data o f the selected test trees. 
Tabel 2. Prøveflade B. De udvalgte prøvetræers kogle- og frødata.

T re e
N o .

C o n e  f r e s h  w e ig h t 
to t a l  /  s a m p le  
k g  kg

N o . o f  c o n e s  
t o t a l  /  s a m p le

A v e ra g e  c o n e  w e ig h t 
f re s h  /  d ry  

g  g

D ry  w e ig h t o f  s a m p le  
to t a l  /  s e e d s  +  w in g s  

g  g %

D ry  w e ig h t 
A ll c o n e s  

kg

C o n e
b e a r in g

c la ss

33 9.23 1.37 311 46 29.67 22.47 1033.70 108.30 10.48 6.99 in
38 0.26 0.26 5 5 52.80 38.37 191.87 19.07 9.94 0.19 i
49 5.93 1.67 146 41 40.68 29.95 1228.13 129.13 10.51 4.37 Ii
60 15.43 1.22 672 53 22.96 16.73 886.67 111.57 12.58 11.24 in
68 0.23 0.23 4 4 57.75 42.21 168.86 12.76 7.55 0.17 i
71 2.63 1.96 51 38 51.45 38.76 1472.99 87.09 5.91 1.98 Ii
76 14.43 1.15 626 50 23.04 17.34 866.94 97.94 11.30 10.85 in
81 0 0 0 0 0 0 0 0 0 0 i
89 11.78 1.33 346 39 34.03 25.49 994.19 125.39 12.61 8.82 Ii
97 0.08 0.08 2 2 42.00 29.75 59.50 5.80 9.74 0.06 i

153 13.01 1.56 334 40 38.98 28.30 1132.04 119.74 10.58 9.45 Ii
157 1.61 1.61 38 38 42.37 31.26 1188.06 121.26 10.21 1.19 i
166 14.38 1.46 434 44 33.14 24.52 1078.67 126.87 11.76 10.64 Ii
177 0.14 0.14 4 4 35.50 25.49 101.95 10.75 10.55 0.10 i
180 0 0 0 0 0 0 0 0 0 0 i

T ab le  3. Plot C. Cone and seed data of the selected test trees. 
Tabel 3. Prøveflade C. De udvalgte prøvetræers kogle- og frødata.

T re e
N o .

C o n e  f r e s h  w e ig h t 
t o t a l  /  s a m p le  
kg  kg

N o . o f  c o n e s  
t o t a l  /  s a m p le

A v e ra g e  c o n e  w e ig h t 
f r e s h  /  d ry  

g g

D ry  w e ig h t o f  s a m p le  
to ta l  /  s e e d s  +  w in g s  

g  g Vo

D ry  w e ig h t 
A ll c o n e s  

kg

C o n e
b e a r in g

c la ss

3 7.33 0.94 304 39 24.10 17.94 699.58 96.68 13.82 5.45 II
6 0.19 0.19 5 5 38.80 28.54 142.68 13.78 9.66 0.14 I

28 0 0 0 0 0 0 0 0 0 0 i
36 1.10 1.10 26 26 42.35 31.64 822.69 89.69 10.90 0.82 Ii
58 0.05 0.05 1 1 46.00 33.25 33.25 3.15 9.47 0.03 i
65 15.63 1.63 575 60 27.18 20.82 1249.38 151.08 12.09 11.97 in
71 4.93 1.01 122 25 40.32 30.59 764.72 48.82 6.38 3.73 Ii
75 0 0 0 0 0 0 0 0 0 0 i
89 0.17 0.17 4 4 42.50 32.42 129.69 12.79 9.86 0.13 i

106 1.14 1.14 37 37 30.92 23.32 862.89 77.79 9.01 0.86 Ii
122 13.53 1.37 404 41 33.46 24.92 1021.85 108.25 10.59 10.07 in
147 12.93 1.44 503 56 25.71 18.59 1040.83 102.93 9.89 9.35 in
156 2.34 2.34 71 71 32.92 24.92 1768.98 176.78 9.99 1.77 Ii
160 0.81 0.81 23 23 35.22 25.79 593.28 46.48 7.83 0.59 Ii
165 0.05 0.05 1 1 52.00 40.03 40.03 3.13 7.81 0.04 i
170 12.28 1.60 493 64 24.92 18.45 1180.58 136.68 11.58 9.09 Ii
188 2.25 2.25 54 54 41.61 30.86 1666.55 161.65 9.70 1.67 Ii
191 10.73 1.60 431 64 24.92 18.34 1173.75 144.95 12.35 7.90 in
197 0.39 0.39 8 8 48.75 34.15 273.21 27.21 9.96 0.27 i
202 5.23 1.02 128 25 40.96 30.26 756.60 69.50 9.19 3.87 Ii

As the study was designed to  quantify  the influence o f  cone production  on wood increm ent, 
not only in the seed year bu t in the following years as well, the test trees were left standing for 
the next 2 years.

In  the winters 1955/56 and 1956/57 the test trees were searched for new cone setting. In 
1955/56 (first year after the seed year) there were 4 cones altogether, divided between 3 trees in 
p lot C (the youngest stand); in 1956/57 a to tal o f 95 cones: 42 on 5 trees in plot A , 10 on 3 trees
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in plot B, and 43 on 2 trees in plot C. The largest individual num bers were 36 cones on tree No. 
170 in plot C, and 24 cones on tree No. 201 in plot A . The o ther trees bore 7 cones each at most. 
All these quantities have been considered inconsequential, and the status o f  the trees in 
question left unchanged.

In M ay 1957 all test trees were felled and m easured in detail. The work was done as follows.

The stem below breast height (1.3 m) was considered as the sum of 2 equally long segments, the volu­
mes of which were determined as cylinders having diameters measured across the mid length of each 
segment. Above breast height the stem was measured as 10 equally long segments, the volume of each 
calculated as a frustrum of a paraboloid, i.e. the mean of the two section areas, multiplied by the seg­
ment length.

Where diameters were measured double bark-thicknesses were also taken, as well as 2 oppositely 
oriented increment cores covering at least 10 years. At breast height an entire circular block was remo­
ved. Finally was measured the lengths of the last 10 top leaders.

From  these measurem ents and the tree ring measurem ents on the Eklund instrum ent calcula­
tions o f the annual stem increm ent could be determ ined for each test tree for the years 1953- 
1956. Tables 4-6 give stem volum e (1953), annual stem increment for the years 1953-56, and the 
cone production in 1954 (kg, dry weight) for the test trees o f  the three sample plots.

T ab le  4. Plot A. Volumetric data o f the selected test trees.
Tabel 4. Prøveflade A . De udvalgte prøvetræers stammemassedata.

Tree
N o.

D bh H 
1954 

cm m

Volum e
1953
litres

1953
Increm ent

1954
litres

1955 1956
Cone 

dry wgt. 
kg

C one
bearini

class

43 29 26.3 749.3 21.0 17.2 14.3 14.5 0.26 I
46 35 27.2 1103.6 26.9 23.1 21.1 18.3 0.08 I
57 31 27.9 1046.1 34.3 11.1 18.9 15.3 8.15 II
69 31 27.4 1006.0 28.9 5.5 17.0 20.0 8.32 II
I I 36 28.9 1227.6 41.2 27.1 24.6 24.1 1.20 I
85 30 24.7 797.7 19.1 16.8 16.1 14.8 0.00 I

103 35 27.0 1141.6 33.1 14.2 23.1 24.5 12.04 II
116 34 27.9 965.7 29.1 7.4 9.4 10.9 14.49 III
126 40 27.2 1453.2 37.2 6.8 17.4 21.5 17.64 II
140 43 29.2 1559.0 39.9 7.7 20.0 13.3 15.44 III
153 34 27.0 935.9 17.2 4.6 6.6 5.5 7.36 II
170 33 25.7 732.6 10.9 7.7 7.2 4.5 0.77 I
181 37 30.0 1197.7 27.5 7.7 15.5 14.2 12.65 III
193 35 28.4 1311.4 40.3 14.1 20.7 17.0 11.43 II
201 27 25.4 648.1 16.2 4.5 7.5 8.3 8.53 III
203 29 24.6 747.8 19.2 17.6 13.0 13.7 0.79 I
209 46 31.7 1911.6 36.1 14.0 13.3 12.2 9.01 III
221 40 29.0 1465.9 40.1 8.6 17.2 14.2 16.62 II
233 33 28.5 1026.3 30.4 28.0 25.0 17.8 0.41 I
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T ab le  5. Plot B. Volumetric data of the selected test trees.
Tabel 5. Prøveflade B. De udvalgte prøvetræers stammemassedata.

Tree
No.

D bh  H 
1954 

cm  m

Volum e
1953
litres

1953
Increm ent

1954
litres

1955 1956
Cone 

dry wgt. 
kg

C one
bearing

class

33 26 25.6 569.1 21.8 9.7 10.2 12.5 6.99 111
38 23 21.9 412.9 16.2 15.7 12.6 10.8 0.19 1
49 24 25.8 493.7 18.8 10.9 13.6 12.8 4.37 II
60 30 27.9 930.2 38.1 14.5 23.2 24.8 11.24 I I I
68 26 24.6 588.2 26.1 24.2 20.0 17.2 0.17 I
71 29 26.3 765.2 24.9 22.4 20.0 22.1 1.98 II
76 33 28.1 1018.7 36.5 8.4 13.7 12.9 10.86 II I
81 28 26.1 697.4 24.4 20.7 19.8 18.9 0.00 I
89 29 26.5 775.3 30.5 12.9 20.6 22.6 8.83 II
97 23 22.8 451.6 12.1 11.1 9.2 6.9 0.06 I

153 27 25.9 646.9 25.9 11.1 21.2 18.6 9.45 II
157 26 24.8 606.3 22.7 20.7 17.9 21.2 1.19 I
166 32 25.3 920.7 24.6 8.5 15.7 13.7 10.64 II
177 25 24.5 618.0 14.6 15.6 12.4 10.0 0.10 I
180 23 23.2 469.3 13.6 12.2 11.0 7.9 0.00 I

T ab le  6. Plot C. Volumetric data o f the selected test trees.
Tabel 6. Prøveflade C. De udvalgte prøvetræers stammemassedata.

Tree
No.

D bh H 
1954 

cm m

Volume
1953
litres

1953
Increment

1954
litres

1955 1956
Cone 

dry wgt. 
kg

Cone
bearing

class

3 24 21.3 446.9 11.5 3.5 3.2 2.4 5.46 II
6 27 21.7 487.9 24.5 23.1 18.9 15.9 0.14 I

28 19 19.1 265.1 7.9 8.6 6.1 6.0 0.00 I
36 19 22.4 287.6 15.8 15.3 12.5 12.0 0.82 II
58 30 23.5 631.9 30.9 29.6 25.2 30.5 0.03 I
65 28 24.9 651.9 30.9 9.8 19.9 22.3 11.97 III
71 21 23.1 368.5 22.1 15.6 16.8 17.1 3.74 II
75 21 23.0 418.7 17.0 18.2 13.8 13.0 0.00 1
89 23 22.5 406.2 16.2 17.3 11.8 10.3 0.13 I

106 28 25.0 642.9 28.9 24.1 19.1 18.3 0.86 II
122 24 22.7 426.9 22.2 5.9 10.8 10.0 10.08 III
147 28 23.8 576.6 27.1 8.9 17.4 17.2 9.35 III
156 27 23.4 517.0 18.0 12.1 10.5 6.6 1.77 II
160 26 21.0 495.5 18.1 14.1 12.8 12.0 0.59 II
165 26 22.2 553.0 25.8 24.0 17.6 22.0 0.04 I
170 28 23.6 705.2 27.0 7.2 12.8 11.2 9.09 II
188 23 21.7 383.1 14.3 12.4 11.6 11.6 1.67 II
191 25 22.9 520.1 23.5 8.4 15.8 14.4 7.90 III
197 16 19.7 202.5 5.9 6.0 4.5 4.7 0.27 I
202 23 21.7 439.2 14.9 8.0 9.4 8.3 3.86 II

Results
Normally there exists a firm  correlation between the increments o f  2 consecutive years fo r trees 
belonging to  the same stand. It was logical to  assume the increments o f a seed year and the pre­
ceding non-seed year to  present such a  correlation for trees bearing no or few cones.

Figures 1-3 display the stem increm ent in the seed year 1954 o f the test trees plotted against 
the increm ent o f  1953 (which was no t a seed year). The cone production (kg dry weight) o f the 
individual trees is printed against the points on the figures.
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Figure  1. Plot A. Stem volume increment of the seed year 1954 plotted against that of the previous (1953) 
non-seed year for the 19 test trees. Cone dry weights are printed by each point. A regression line is shown 
for 6 trees having produced less than 1 kg of cones dry weight (marked by short horizontal bars).
F igur 1. Prøveflade A . Stammemassetilvæksten i frøåret 1954 i relation ti! det foregående (1953) ikke- 
frøårs tilvækst, fo r  de 19 prøvetræer. Kogletørvægten er angivet ved hvert træ. Der er indlagt en regres- 
sionslinie fo r  6 træer, hvis kogleproduktion var under 1 kg tørvægt (vist m ed korte vandrette bjælker).

There will be seen to  exist a  good agreem ent between the increments o f the two years for 
trees with a cone crop o f about 1 kg or less. For clarification, regression lines, based on trees 
with tha t m agnitude o f cone production , have been inserted in the figures. The difference o f 
ordinate between the increm ent (in 1954) and the regression line is an expression o f  the loss o f 
increment owing to  the cone production  as the sole discrim inating factor.

In order to determ ine the extent o f tha t influence a  regression analysis was carried out for 
the test trees o f each stand, the param eters being

y54 = the increm ent o f the seed year 1954;
X ,  =  the increm ent o f the previous year, 1953; 
x2 = the dry weight o f the cones (with seeds + wings).

Increm ent was m easured in litres, cone weight in kg.
Regression model: y = b, x, + b2 x2 + a.
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Figure  2. Plot B. Stem volume increment in the seed year 1954 plotted against that of the previous (1953) 
non-seed year for the 15 test trees. Cone dry weights are printed by each point. A regression line is shown 
for 6 trees having produced less than 1 kg of cones dry weight (marked by short horizontal bars).
Figur 2. Prøveflade B. Stammemassel ilvæksten i frøåret 1954 i relation til det foregående (1953) ikke- 
frøårs tilvækst, fo r  de 15 prøvetræer. Kogletørvægten er angivet ved hvert træ. Der er indlagt en regres- 
sionslinie fo r  6 træer, hvis kogleproduktion var under 1 kg tørvægt (vist med korte vandrette bjælker).

The calculations dem onstrated  in the first place tha t there were no significant differences in 
the levels o f the three sets o f  trees. The result from  the com bined test trees was

y54 = 0.69 x, -  1.44 x2 + 4.53

Similar analyses were done for the years 1955 and 1956 in order to  determ ine the possible 
influence o f the cone bearing on the increm ent up to two years later. As in the first analysis it 
was possible to pool the three sets o f trees, and the resulting form ulas were, respectively,

y55 = 0.66 x , -0 .5 4  x2 + 2.15 
y56 = 0.65 x, -  0.50 x2 + 1.47

It has thus been dem onstrated  that the cone production  o f the seed year 1954 caused a loss o f 
increment in the examined N orway spruce stands o f about 1.4 litres in the seed year and 0.5 
litres in each o f the following two years, per kg dry weight o f cones. As the dry weight o f  one 
litre o f spruce w ood from  N ødebo forest district is ca. 0.42 kg (M oltesen, 1988) the result o f the 
study can be transform ed to: P roduction  o f one kg dry weight o f  N orway spruce cones causes a
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Figure 3. Plot C. Stem volume increment in the seed year 1954 plotted against that o f the previous (1953) 
non-seed year for the 20 test trees. Cone dry weights are printed by each point. A regression line is shown 
for 7 trees having produced less than 1 kg of cones dry weight (marked by short horizontal bars).
Figur 3. Prøveflade C. Stammemassetilvæksten i frøåret 1954 i relation til det foregående (1953) ikke- 
frøårs tilvækst, fo r  de 2 0 prøvetræer. Kogletørvægten er angivet ved hvert Iræ. Der er indlagt en regres- 
sionslinie fo r  7 træer, hvis kogleproduktion var under I kg tørvægt (vist med korte vandrette bjælker).

reduction o f ca. 1 kg dry weight o f  stem w ood increm ent over the three year period beginning 
with the seed year.

The loss o f  volum e increm ent p er  ha in N orw ay spruce stands as a fu n c tio n  o f  age 
The cone fall o f the same seed year as before (1954) was recorded in 49 N orway spruce stands in 
Nødebo forest district, including the three stands examined in detail above, their ages varying 
between 22 and 95 years from  seed. The registering o f the cones was done around  m idsum m er 
1956. Stand data  are given in table 7.

A wooden fram e, one m etre square, was laid ou t on the forest floor following a systematic 
net, and the cones w ithin each position were counted. This operation  was continued for each 
stand until the standard  error o f  the mean num ber o f cones per fram e went below 10 per cent, 
equivalent to  20-40 fram es per stand. The cone fall as the num ber o f cones per m 2, plotted 
against stand age, is shown on figure 4.
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No. of cones/m 2

Figure  4. The cone fall from the 1954 seed year in 49 Norway spruce stands o f Nødebo district. Number of 
cones per m 2 against stand age. Crosses indicate the three test stands, compt. 140a, b, and c.
F igur 4. Koglefaldet fra  frøåret 1954 i 49 rødgranbevoksninger på Nødebo distrikt. A n ta l kogler pr. m 2 
over bevoksningsalder. Prøvefladebevoksningerne, afd. 140 a, b og c, er markeret med krydser.

The lengths o f the cones were m easured in connection with the counting. U nfortunately , no 
m easurem ents exist from  the previous study correlating cone length and weight. Instead, two 
batches o f cones o f m ore recent origin were used to  establish the relationship between length 
and weight. Each batch held about 100 cones, one batch deriving from  a 1968/69 crop in F rij­
senborg district (Ju tland), by courtesy o f the seed extraction plant, the other from  1967/68 in 
Frederiksborg district (Zealand) and collected from  the forest floor in February 1969, a t w hat 
time this analysis was done. The cones varied in length from  9 to  16 cm, in weight between 13 
and 43 g. A lthough one batch (Frederiksborg) had spent one year on the ground -  like the 
cones which were recorded in 1956 -  and the o ther was picked fresh from  standing trees, their 
length /dry  weight relation was very much in agreem ent, as evidenced by figure 5, in which dry 
weight is plotted against length for both  cone batches together. The dry weight o f  the 1954/55 
cone fall could now be calculated from  the cone length classes o f the 49 N ødebo stands and the 

corresponding dry weight values o f figure 5.
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Cone dry weight

Figure  5. The relationship between cone dry weight and cone length. The graph is smoothed by hand. 
F igur 5. Kogletørvægt lagt op over koglelængde. Kurven er håndudjævnet.
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T able  7. Stand and cone data of 49 Norway spruce stands o f Nødebo district, Summer 1956.
Tabel 7. Bevoksnings- og kogledata fo r  49 rødgranbevoksninger på Nødebo distrikt, sommeren 1956.

C o m p t .
N o .

(1 9 5 4 )
A g e A re a

h a

(19 5 9 )
N o . o f  s te m s  

T o ta l  p e r  h a

(1 9 5 9 ) 
D .b .h .  H e ig h t  
c m  m F ra m e s

(19 5 6 )
N u m b e r s  o f  

C o n e s  C o n e s / m J

D ry  w e ig h t ,  kg  
( e m p ty  c o n e s )  

in  f r a m e s  p e r  h a

D ry  w e ig h t 
c o n e s  +  s e e d s  

k g  p e r  h a

(1 9 5 4 )
A g e

140a 93 3.67 1281 349 34.5 26.5 42 535 12.7 11.55 2750 3079 93
140b 74 1.46 - 27.0 25.5 41 287 7.0 6.80 1658 1857 74
140c 58 0.91 - 23.0 23.4 41 547 13.3 12.49 3046 3411 58
141a 28 - - 28.0 24.2 20 13 0.7 0.42 208 233 28
138b 75 1.32 587 445 28.1 24.8 25 322 12.9 6.62 2648 2965 75
57cl 70 2.53 954 377 35.0 26.6 30 235 7.8 4.54 1514 1695 70
57cll 70 2.53 954 377 35.0 26.6 20 261 13.1 6.52 3258 3648 70
37a 38 7.78 - 19.0 18.6 35 150 4.3 3.83 1095 1227 38
75c 71 1.70 491 289 36.1 27.6 20 261 13.1 6.03 3016 3377 71
79 40 6.95 - 22.0 20.6 40 235 5.9 6.06 1515 1697 40
58b 70 6.39 2374 372 34.4 26.9 20 174 8.7 4.22 2110 2363 70
59 75 6.64 2935 442 33.6 27.1 30 341 11.4 7.57 2522 2824 75
82c 55 2.02 943 467 28.1 23.0 35 407 11.6 9.69 2770 3102 55
70a 80 3.75 1090 291 37.3 27.8 30 282 9.4 6.51 2170 2431 80
45c 36 2.59 - 18.0 17.4 40 127 3.2 3.49 872 976 36
45b 47 2.94 - 25.8 23.4 35 359 10.3 8.64 2467 2763 47
63a 40 2.43 - 17.0 18.1 40 165 4.1 3.93 982 1100 40
86a 61 2.86 1302 455 29.6 25.7 40 294 7.4 6.86 1714 1920 61
66c 80 7.35 - - - 25 195 7.8 4.64 1855 2077 80

156b 61 3.20 1866 583 26.2 25.0 40 327 8.2 8.28 2070 2318 61
155b 55 1.45 900 621 25.9 24.7 40 243 6.1 6.35 1587 1778 55
136b 25 3.48 - 13.0 14.0 20 5 0.3 0.15 75 83 25
160a 22 4.45 - 8.0 9.0 20 3 0.2 0.08 40 45 22
155a 90 3.89 1380 355 37.6 29.2 20 267 13.4 5.82 2912 3261 90
109a 35 9.03 - 20.0 19.5 35 121 3.5 3.61 1030 1154 35
107 55 1.98 992 501 31.3 24.3 40 337 8.4 8.43 2107 2360 55
284a 50 2.31 - 28.0 23.2 25 293 11.7 7.48 2992 3351 50
273a 40 5.12 - 19.0 19.2 40 266 6.7 7.26 1814 2032 40
273b 28 1.14 - 12.0 12.0 20 2 0.1 0.04 20 22 28
277b 42 0.90 - 23.0 18.2 25 148 5.9 4.13 1651 1849 42
277c 45 3.78 - 26.0 23.4 35 239 6.8 5.77 1650 1848 45
278c 50 2.53 - 27.0 24.8 35 260 7.4 7.35 2099 2351 50
278b 30 3.40 - 10.0 11.5 20 4 0.2 0.11 56 63 30
286b 51 4.97. - 26.0 23.0 20 98 4.9 2.88 1442 1614 51
321a 61 3.56 1762 495 28.7 23.0 15 71 4.7 2.90 1935 2167 61
340b 65 4.19 1348 322 33.9 25.4 30 299 10.0 7.10 2367 2651 65
434g 50 0.96 - 26.0 23.8 25 171 6.8 4.57 1826 2046 50
395a 95 2.34 507 217 42.0 29.5 25 255 10.2 5.55 2219 2485 95
531 d 55 1.27 429 338 30.9 22.2 25 187 7.5 5.09 2036 2281 55
534c 75 2.09 681 326 37.0 25.7 40 392 9.8 8.80 2201 2465 75
536c 60 6.66 3290 494 29.9 24.2 30 430 14.3 9.40 3133 3509 60
537f 39 6.49 7429 1145 19.2 18.0 30 253 8.4 7.23 2410 2699 39
477a 50 0.51 - 24.6 22.6 15 67 4.5 1.91 1276 1429 50
327b 87 3.01 976 324 37.8 28.4 30 528 17.6 10.79 3597 4029 87
326a 90 1.95 569 292 40.7 29.9 20 114 5.7 2.13 1063 1190 90
208b 90 2.31 732 317 38.9 29.3 15 123 8.2 2.78 1853 2075 90
208d 71 1.66 593 357 27.3 20.2 20 352 17.6 7.06 3531 3954 71
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The cones used to  determ ine the leng th /d ry  weight relationship were obviously em pty of 
seeds and  wings. T o correct this deficiency the appropriate da ta  o f the test tree cones (table 1-3) 
served to  com pute an average seeds + wings quotient (0.12). The thus corrected values o f  the 
cone fall, dry weight, kg per ha, in relation to stand age, are shown in figure 6.

Cone dry weight

Figure  6. The cone fall from the 1954 seed year in 49 Norway spruce stands of Nødebo district. Cone dry 
weight per hectare in relation to stand age. Crosses indicate the three test stands, compt. 140a, b, and c. 
F igur 6. Koglefaldet fra  frøåret 1954 i 49 rødgranbevoksninger på Nødebo distrikt; koglet ørvægt pr. ha i 
relation ti! bevoksningsalder. Prøvefladebevoksningerne, afd. 140a, b og c, er markeret m ed krydser.

Finally, in figure 7, is indicated how much the loss o f  increm ent, resulting from  a big seed 
year, can am ount to  in terms o f  m 3 per ha, fo r the seed year and the following two years toge­
ther, in average D anish stands o f  Norway spruce, using the findings from  the three test stands.

In per cent o f the current annual increm ent o f the sites represented by the 49 N ødebo stands 
the loss ranges, for ages from  40 to  70 years, between 12 and 25 in the seed year and between 4 
and 9 in each o f the two years thereafter.
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F igure  7. The loss o f  volume increment -  over the years 1954-56 -  effected by the seed year 1954; m 3 per ha 
relative to stand age.
F igur  7. Tilvæksttabel gennem årene 1954-56 som følge a f  frøåret 1954; m 3 pr. ha i relation til bevoks- 
ningsalderen.

SUMMARY
A study devised to  quantify  the volume increm ent loss due to cone production  was carried ou t 
in a num ber o f stands o f N orw ay spruce in D enm ark (N orth Zealand) and related to the seed 
year 1954/55, which in D enm ark yielded large crops. The first part o f the investigation, based 
on three stands, 93, 74, and 58 years old, applying stem analysis to  the increm ent evaluation, 
established tha t 1 kg dry weight o f cones (including seeds and wings) reduced the stem volume 
increment by ca. 1.4 litres in the seed year (1954), and ca. 0.5 litres in each o f  the following two 
years.

The second p a rt -  to ascertain the extent o f  influence o f  cone bearing on wood increment per 
ha, relative to  stand age -  was based on 49 stands aged between 22 and 95 years, for the same 
seed year, 1954. It was established that cone and seed production caused loss o f stem wood in ­
crem ent, dependent on stand age, am ounting to 12-25 per cent in the seed year p roper, and 4-9 
per cent in each o f  the following two years for stands o f  average site class. For stands aged 50 
years and over the entire loss o f  increm ent due to  the seed bearing in 1954 am ounted to  about 6 
m 3 per hectare.
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RESUM E
Tilvæ ksttabet ved koglebcering hos rødgran
I forbindelse med det store frøår i rødgran, 1954-55, blev der på N ødebo statsskovdistrikt i tre 
bevoksninger a f  forskellig alder foretaget en klassificering a f træ ernes koglebæring. Koglerne 
blev nedplukket og vejet fra et antal prøvetræ er, og efter et par års forløb blev prøvetræ erne 
fæ ldet og deres tilvæ kst undersøgt ved stamm eanalyse.

Endvidere blev der i 49 bevoksninger med aldre varierende fra 22-95 år undersøgt, hvor 
mange kogler der var faldet pr. ha.

Undersøgelserne viste, at tilvæ ksttabet pr. kg produceret kogletørstof, uanset alderen, var 

ca. 1.4 1 stamm emasse i frøåret og ca. 0.5 1 i hvert a f  de følgende 2 år.
T ilvæksttabet pr. ha hidrørende fra det sam me frøår tiltog med alderen og varierede mellem

0 og 6.5 m 3 for den treårsperiode der indledtes med frøåret. U dtrykt i procent fo r m iddelboni- 
tetsbevoksninger udgør tabet fra  12-25 i frøåret og fra 4-9 i hvert a f  de følgende 2 år for aldre 
mellem 40 og 90 år.
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