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A comparative study of the anatomical characters of wood of
Picea abies Karst, and of Larix polonica Racib.

The microscopic structure of wood of larch and spruce is almost iden-
tical. This causes many difficulties in the identification of small or poorly
conserved fragments of wood which it is not possible to place definitely
in one genus or the other.

During 60 years of research (Burg erstein 1908, Brem 1934,
Budkiewicz 1956 and 1961, Greguss 1955, Diannelidis 1953,
Phillips 1941, Jay 1947, Moskalewa 1962, Huber 1951, Wi-
chrow 1959, Hejnowicz 1964) it has not been possible to find wood
characters of larch and spruce on the basis of which it would be possible
to discriminate between the two species.

Among the diagnostic characters the following have been considered:
1) the type of transition from early to late wood in an annual ring, sud-
den in larch and gradual in spruce; 2) the distribution of bordered pits
in an early wood tracheid, double in larch and single in, spruce; 3) den-
tations on the inner surface of walls in the ray tracheids (they do not
exist in larch and occur in spruce); 4) occurrence of terminal parenchyma
in the wood of larch and the absence of this character in the wood of
spruce; 5) location of the resin ducts in wood rays (in larch markedly
eccentric and in spruce central); 6) number of cells lining the resin ducts
(larger in larch and smaller in spruce). As has been shown by my earlier
studies (Hejnowicz 1964, 1969) these are variable characters even within
one tree. Some of them, it was found, are associated with juvenile type
of wood and occur in the wood of both larch and spruce. For example
the gradual transition from early to late wood within an annual ring,
and the single bordered pits in tracheids of early wood occur in . the
juvenile wood of both larch and spruce. As a result none of the anato-
mical characters from 1 to 6 have any use for diagnostic purposes.

In order to answer the question whether it is possible to distinguish
these two species in the basis of the microscopic characters of wood it
Was necessary to:

1. Analyse the intra-tree variation of individual characters at various
levels of the stem and at various distances from the tree axis.

2. Determine the nature and range of variation of suitable characters
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within a larger number of trees (inter-tree variation) belonging to the
same species but coming from various stands in Poland.

3. Compare the wood of individuals representing both the studied
species.

The problem of intra- and inter-tree variation of anatomical cha-
racters of wood of larch and spruce has already been studied (Hejno-
wicz 1964, 1969) and therefore the problems mentioned under points !
and 2 are taken care of. The present paper is an attempt at -summarizing
the results as suggested in point 3 and at finding an answer to the basic
question: whether and in what way is it possible to distinguish the wood
of spruce from the wood of larch on the basis of anatomic characters.

METHODS AND RESULTS

As a basis for the present paper the detailed studies on the anatomy
of larch (Hejnowicz 1964) and spruce (Hejnowicz 1969) have been used.
In both these species the variability of several anatomical characters
has been investigated in various growth rings,, at various levels of the
tree trunk, and in various trees from different parts of Poland.

For 23 studied characters of the wood anatomy analyses of variance
have been perfored on the basis of which it was found that only in
7 characters there are significant differences between larch and spruce,
namely:

1. Thickness of an early wood tracheid in radial measurement (aq).

2. Area of transverse section of a tracheid.

3. Ratio of the two cross-section dimentions of early wood tracheids
(2.

Number of tracheids on 1 mm? area of cross-section.
Diameter of a bordered pit in an early wood tracheid (x3).
Height of one ray cell (x4).

7. Width of one ray cell.

Four of these characters deserve special mention, since their ranges
of distribution in the .studied group of larches and spruces are basically
different for the two species. Only occasionally did larches fall within
the range of distribution for spruce and vice versa (figs. 1—4).

These differetiating characters are: 1) radial dimention of an early wood
tracheid (ag), 2) ratio of both the cross-section dimentions of early wood
tracheis (x2), 3) diameter of a bordered pit on an early wood tracheid (ax)
and 4) height of one ray cell (x4).

In view of the fact that between the ranges of distribution for the
selected characters it is not possible to draw a definite boundry between
the two species it is not possible to use the values directly for discrimi-
nation between them. For this reason it was considered necessary to
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apply the method of discrimination analysis (Per k al 1963) employing
simultaneously the four characters best differentiating the -species. The
method depends on the building of a discriminant function:

Z=alxl+alx2+a3x3+aixi+c ()]

which when applied to any wood sample would give positive values of
Z for larch and negative values of Z for spruce. In the function x4, x2,
X3 and X4 are means of several measurements of the four selected cha-
racters in the studied wood sample and alr a2 a3 a4 and c are cons-
tants.

The idiscriminant function was calculated as follows:

1. Mean values of the four selected wood characters have been cal-
culated for the studied samples of larch and spruce.

2. Overall means have been calculated for larch -and for spruce, as
well as variances and covariances for all the four studied characters,
separately for each species (table 1).

3. From the figures in table 1 a matrix was developed (table 1).

Table 1

Means, variances and covariances of characters 1, 2, 3, 4, for growth rings abowe the 15th

Means \ Variances | Covariances
diff cha-
larch spruce e Harch spruce sum rac- larch  spruce sum
rence
ters
Xi 59,86 42,27 1759 37,819 51,529 89,348 1/2 0,7491  0,9302 1,6793
X2 169 113 056 0,028 0,026 0,054 1/3 45247  4,3326  8,8573
X3 23,36 2046 290 1,167 0,973 2,140 1/4 2,8521 -5,0205 -2,1684

Xt 21,63 1803 360 2,088 1,445 3,533 2/3 0,0698 0,0672 0,1370
2/4 -0,0306 -0,1326 -0,1632
3/4 0,7316 -0,3462 0,3854

Table 2
Matrix developed from table 1
89,348 1,679 8,857 -2,168 17,590
M= 1,679 0,054 0,137 -0,163 0,560
8,857 0,137 2,140 0,385 2,900
-2,168 -0,163 0,385 3,533 3,600

4. From the matrix determinants have been calculated. M1==1.3217,
M2=310.7359, M3=3.5741, M4=21.6628, and M5=23.3089.
5. From the formula
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Table 3
A list of the mean values of wood characters (from various parts of the trunk) and the values
of the discriminant functions for larch and spruce

Values of the

Mean values for characters discriminant
Origin function
of wood from 7th  from 15th
sample ring ring
Xl *2 x3 x4 onwards  onwards
71
1 2 3 4 5 6 7
Larch
Chetmowa Goéra 64,0 1,81 25,8 23,2 2,9 8,0
58,9 1,56 22,6 23,2 -0,8 4,5
46,9 1,57 22,1 21,1 1,1 3,3
65,5 2,01 22,0 20,3 0,2 6,7
57,4 1,55 23,3 22,4 -0,1 3,8
50,6 1,47 22,4 22,5 0 31
61,9 1,66 23,9 23,3 0,1 6,0
59,4 1,61 23,4 219 -0,1 4,1
66,8 1,94 24,7 23,6 15 9,8
60,5 1,50 24,2 21,4 -0,4 2,2
72,1 1,92 24,8 22,8 0,4 8,5
57,1 1,92 249 22,8 3,2 6,9
54,2 1,81 21,7 22,7 0,9 75
38,2 1,39 23,5 22,7 2,6 31
Blizyn A, 49,8 1,44 22,4 20,5 -0,1 0,9
57,8 1,85 229 19,3 1,3 49
53,4 1,58 21,5 20,6 -0,5 2,5
62,3 1,63 22,7 20,8 -1,0 3,0
Blizyn 11 61,7 1,92 23,4 19,2 1,3 5,6
65,5 1,68 23,9 24,0 -0,4 6,7
58,9 1,72 23,5 20,1 0,7 3,9
68,4 1,78 24,4 20,7 0,9 5,2
Tatry 31,4 1,58 18,3 21,5 1,4 4,1
Spruce
Istebna (Beskid) 415 1,22 19,6 18,5 -1,9 -3,8
455 1,29 20,3 18,5 -1,7 -3,0
42,3 1,23 21,7 18,7 -0,5 -3,3
46,7 1,26 21,2 18,3 -1,5 -3,6
47,8 1,26 22,1 18,9 -1,0 -3,0
45,0 1,19 20,9 18,9 -1,8 -3,9
Dolina Chochotowska 45,0 1,50 19,7 17,4 -0,7 -1,3
42,4 1,47 19,6 17,9 -0,5 -1,1
42,1 1,49 19,7 17,6 -0,5 -11
33,7 1,26 20,2 18,8 0,3 -2,5

43,6 1,38 18,1 16,9 -2,3 -3,6
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Biatowieza

Zwierzyniec K. Kor-
nika

Witéw (Podhale)

Lesna (Puszcza
Biatowieska)

Ujsoty (Beskid)

41,7
40,2
32,9
46,2
42,8
39,3
39,1
43,9
35,2
43,7

48,1
50,4
56,5
50,3
53,4
55,4
53,4
54,8
53,2

36,2
36,1
32,8
37,7
36,3
28,7
34,0
31,6
33,4

40,4
44,8
40,5
42,8
41,7
46,5
42,8
44,8
42,8
453
433

41,3
37,4

42,6
42,0
40,7
28,6

1,46
131
1,15
1,54
1,29
1,32
1,25
1,37
1,19
1,40

1,38
1,38
1,49
1,53
1,45
1,38
1,49
1,42
1,38

1,12
112
1,03
121
1,12
0,91
1,06
0,97
1,10

1,44
1,43
1,33
131
1,43
1,40
1,42
141
1,26
1,36
1,28

1,38
1,23

154
1,40
1,36
0,96

211
20,3
19,1
20,9
20,7
20,3
19,0
19,8
19,8
20,9

211
215
21,6
215
211
21,4
21,9
22,2
211

21,4
19,9
19,0
21,8
19,9
19,1
20,1
19,0
20,6

19,8
21,8
21,2
20,9
20,0
21,9
20,5
21,4
21,9
21,4
21,6

215
21,9

18,9
19,8
20,4
19,8

18,0
177,2
17,9
17,1
18,5
18,0
18,3
17,3
17,2
17,8

17,1
17,0
18,3
17,0
17,6
18,0
17,1
16,8
17,7

17,1
18,0
18,1
18,5
18,5
21,4
20,1
21,9
21,3

18,4
17,8
17,9
17,1
16,6
194
17,3
17,8
171
18,0
18,5

17,8
18,7

17,1
17,3
16,8
18,5

0,6
-0,6
-1,0

01
-0,9
-0,3
-1,6
-1,3
-0,7
-0,3

-1,1
-1,2
-1,6
-0,3
-1,6
-2,2
-1,2
-1,3
-2,0

-0,3
-1,2
-1,8

0,3
-1,3
-1,6
-1,0
-1,9
-0,3

-0,2
0,3
01

-0,7

-0,4

-0,1

-0,3

-0,1

-0,3

-0,4

-0,4

0,5
0,6

-0,6
-0,7
-0,4
-0,9

Table 3 cont.
7

-3,7
-0,9
-4,9
-1,0
-3,5
-2,8
55
-3,1
5,1
-2,0

-3,2
-3,3
-0,9
-1,3
-2,1
-2,7
-1,9
-3,1
-2,9

-5,9
-5,2
-6,4
-3,4
-4,8
-4,6
-4,0
-36
-2,2

-0,9
-1,6
-2,6
-3.8
-2,8
-0,5
-2,2
-1,9
-413
-2,4
-2,8

-2,0
-2,9

-1,1
-2,5
-3,4
-6,5
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constants of the discriminant function Zi have been calculated:

ai=-0.057, a2=13.331, a3=0.153, a4=0.929, and c=-37.930.

(Constant ¢ has been adjusted so as to obtain the maximum number oi
spruce samples with a negative value and larch samples with a positive
value.)

6. Substituting in formula (1) for the discriminant function Z the
values of the constants ¢n and the means obtained directly from measure-
ments for the individual characters (i) the values of the function (Z,)
have been calculated (table 3, column 7). The values presented in this
column have been calculated on the basis of a group of growth rings
excluding growth ring 7, which was the nearest ring to the pith that
was studied. The constants presented above refer to this group of growth
rings. In column 6 of table 3 values of the discriminant function (Z2)
calculated for all the studied growth rings (7, 15, 30, 50 and further)
are presented. When the function 'is calculated in this way the discrimi-
nation is not complete. Some larch samples have negative values and
some spruce samples have positive values. In practice however it is not
difficult to decide from which part of the tree trunk a wood sample
comes, close to, the pith or away from it. In (Samples close to the pith
the rays converge at acute angles while in samples away from the pith
the rays are almost parallel. Thus when it is known that the wood
sample comes from the region away from the pith constants for the Zi
function should be used, since this been calculated for all rings from
the 15th onwards.

A discrimination analysis has also been made separately for each of
the studied growth rings. As was expected in all the cases the discrimi-
nation was complete between the two species the values of the function
for larch being always positive and values for spruce always nega-
tive.

The practical application of this method is very simple. It is necessary
to make a certain number (30—50) of measurements of the four selected
characters (xi). The numbers is dependent on the scatter around the
mean Xi, using greater numbers for more variable samples. The wood
sample should come from at least the 15th ring away from the pith. The
mean values for the four characters should be entered into the function:

r1=-0.057x!+ 13.331x2 + 0.153a73+0.929x4-37.930

If the value of the function proves to be positive it is reasonable to con-
sider the wood sample as coming from larch and when Zj is negative
the wood sample is most likely spruce.

It is still not certain whether this method could be used for the dis-
crimination between other species of larch and spruce, and whether it
is also applicable to wood samples coming from the root or from branches.
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Some .light on the problem can be thrown from the investigation
I have made applying the function to the microscopic photographs of
wood from various species of larch and spruce reproduced in Greguss’es
(1955) key. On some of the photographs it was possible to measure with-
out any difficulty the selected characters and to calculate the Zi value
of the funcion for them. Without exception for all the photographs of
larch the values obtained were positive 'and for spruce negative.

What practical value will the method have for archeologists and paleo-
botanists only further studies will tell.

After having written this paper | have obtained from Prof. A. Sro-
do i, who got interested in the method, samples fossil wood identified
as Picea vel Lorix. Two of these samples were preserved in good con-
dition and it was possible to prepare from them microtome preparations
and to measure the selected characters. According to the method described
above one of the samples was wood of larch and one was wood of
spruce. After having sent the results to Prof. A. Srodon he has informed
me that my diagnosis was correct since the samples in question were
accompanied by macroscopic remains of the two genera.
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Badania porownawcze cech anatomicznych drewna
Picea abies Karst, i Larix polonica Racib.

Streszczenie

Praca jest probg podsumowania Kkilkuletnich badarn nad drewnem modrzewia
i Swierka z terenu Polski. Gtownym jej zatozeniem byto znalezienie takich cech
mikroskopowych, na podstawie ktérych mozng by odrézni¢ oba te rodzaje i to
w tych przypadkach, w ktorych okres$lenie na podstawie cech makroskopowych jest
niemozliwe (materiat archeologiczny, szczatki kopalne).

Przebadano 23 cechy anatomiczne drewna. Statystycznie istotne réznice pomie-
dzy modrzewiem i Swierkiem stwierdzono tylko w przypadku nastepujacych cech:

1) promienisty wymiar (grubos$¢) .cewki drewna wczesnego (cecha Xj,

2) powierzchnia poprzecznego przekroju (pole) cewki,

3) stosunek obu poprzecznych wymiaréw cewki drewna wczesnego gf gdzie g
jest Srednim wymiarem promienistym, a s S$rednim wymiarem stycznym jednej
cewki (cecha x2),

4) liczba cewek na powierzchni poprzecznego przekroju réwnej 1 mm’,

5) $rednica jamki lejkowatej w cewce drewna wczesnego (cecha x3),

6) wysokos¢ jednej komorki promienia drzewnego (cecha x4),

7) .szerokos$¢ jednej komorki promienia drzewnego.

Cechy oznaczone symbolami Xj, X2, x3, xt zastugujg na specjalng uwage; ich za-
kresy zmiennosci dla modrzewia i $Swierka w obrebie zbadanej grupy drzew tylko
nieznacznie na siebie zachodza. Wykorzystano, je wiec do. zbudowania funkcji dys-
kryminacyjnej (Z=alxl+a2x2+a3x3+aixi+c\ ktorej wspotczynniki at zostaty ob-
liczone z macierzy kowariancji dla czterech wyrdznionych cech.

Otrzymane na tej drodze wartosci funkcji dyskryminacyjnej (kolumna 7 ta-
beli 1) dla modrzewia przyjmowaty zawsze wartosci dodatnie, a dla $wierka ujemne.

Wydaje sie zatem, ze mozna odrézni¢ drewno modrzewia od drewna S$Swierka
metodg opracowang w tej pracy, podstawiajgc do wzoru na funkcje dyskrymina-
cyjna Z S$rednie wartosci cech xb x2, x3 i x4 uzyskane z pomiaréw oraz odpo-
wiadajgce tym cechom state wspoétczynniki:

al=—~0,057, a2=13,331" a3=0,153, a4=0,929 i statg ¢ = —37,930.
Ostateczny wzo6r omawianej funkcji wyglada wiec nastepujaco:

Z = —0,057xi+12,331x2+ 0,153x3+ 0,929x4—37,930.

ANMMHA XEMNHOBWY
CpaBH/TE/bHbIE MCCNEA0BAHMA  aHATOMWNYECKUX MPU3HAKOB APEBECUHbI,
Picea abies Karst, n Larix polonica Radb.
Pe3rome

B HacTosileii pa6oTe caenaHa MombiTKa MOABECTM MTOrM paboT Mo M3Y4YeHWHo
ApeBeCUHbl €N N NINCTBEHHULBI Ha TeppuTopumn [lonbluKn, KOTOpble MNPOBOAMINCH
B TEUEHUM HECKOJIbKUX NeT. [NaBHOW UX UeNbio 6bIN0 BbISB/EHME TaKUX MUKPOCKO-
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MMYECKMX MPU3HAKOB, OCHOBbIBAACb Ha KOTOPbIX MOXHO 6bl10 pasnnyaTb 06a popa
B TexX C/y4asX, Korfja UCKIo4asochb ornpefesnieHrVe N0 MakKpOCKOMUYEeCKUM MNpu3Hakam
(apxeonornyeckne maTepuiasbl, WUCKOMaeMble OCTaTKM).

CTaTUCTUYECKN [0CTOBEPHbIE Pas3IMuna MeXay efbi0 U JINCTBEHHULUEN YycTa-
HOBMEHbl AN Cnefylowwmnx MPU3HAKOB [PeBeCUHbI.

1) paguanbHbli gnameTp Tpaxewg paHHen apeBecuHbl (rei),

2) none Tpaxeuabl (Nnowaab ee MonepevyHoro paspesa),

3) OTHOWeHWe paguaibHOro AuameTpa Tpaxews paHHeW [ApeBeCUHbl K TaHreH-
Ta/lbHOMY AnameTpy (a%2),

4) 4yncno Tpaxeud Ha 1 MM2 MonepevyHOro paspesa,

5) AnameTp OKaliM/IEHHOM MOpbl B Tpaxemgax paHHel ApeBecUHbl (a?3),

6) BbllUMHA OfHOM KNETKU ApeBecHOro nyda (a%),

7) OvameTp OAHOW KeTKU [peBECHOro yuda.

MpusHakm Xi, X2, X3, X4, 3acny>kmBatOT 0CO60r0 BHUMaHUA, UX aMNINTyAdbl U3-
MEHUYMBOCTN Y €/M N NINCTBEHHUUbI (Y MCCNefoBaHHbIX FPYNn AepeBbeB) /UL He-
3HAUUTENbHO 3axo4saT ApYyr Ha gpyra. 3T0 06CTOSTENbCTBO MCMO/b30BaHO ANS Mo-
CTPOEHUSA T.H. AUCKPUMMHAUMOHHOM (YHKUMM (.Z=aixi+a2X2~r-a3x3+aix4+c), Ko-
athbchmymeHTbl KoTopow (W, a3, a3, ad) 6bIM BbIUMCNEHbI Ha OCHOBE [AAHHbLIX MO
N3MEPEHMNIO YeTblpeX BblAeNEeHHbIX MPU3HAKOB.

[MonyyeHHble 3TUM NyTeM 3HAYeHUs AUCKPUMWHALMOHHOW (YHKUMW ONA JINCT-
BEHHULbI BCEra MMeNn MNOMOXUTENbHbIM -3HaK, a AN e — OTpuuaTesibHbINA.

MoaToMy npencTaBnsaeTcs BO3MOXKHbIM pPas/iMyatb ApPeBeCUMHbl  JIMCTBEHHMLbI
n enu MeTogoMm, paspaboTaHHbIM B AaHHOW cTaTbe. B npuBegeHHOW dopmyne cnepyet
NpoCTaBuUTb CpefHue 3HadeHne X4, X2, X3, U X4 NoflyYeHHble B pe3ysbTaTe M3MepeHWui
N oTBevyarowme MM MOCTOsIHHble: ai=—0,057; a?=13,331; a3=0,153; ai=0,929, a Takxe
MOCTOSAHHYIO BenuuuHy c¢=—37,93.
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146 W ARBORETUM KORNICKIM

Fot. K. jakusz
Owoce jasminowca (Philadelphus)
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