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Axial desorption shrinkage of needles dehydrated at 25°C to different equili-
brium moisture content was studied. The relation between equilibrium moisture
content and degree of lengthwise shrinkage of needles is curvilinear. The degree
of desorption shrinkage of pine needles is considerably higher than the correspon-
ding one for mature wood but it is comparable to the degree of lengthwise shrin-
kage of juvenile wood.

INTRODUCTION

The potential possibility of using foliage of forest trees, particulary
needles, as a source of fibrous raw material has been exploited only on
small scale [2, 3, 10-12, 21, 24]. This is to a certain degree due to in-
sufficient knowledge about structure and properties of foliage. The data
on physical and mechanical properties of forest tree foliage are scarce
both concerning coniferous [8, 10] and deciduous trees [13]. Therefore
it is worth-while carying out further studies on properties of needles
having relatively long fibrous elements [10, 13]. Sorption properties of
needles seem to be of interest at first. Hence experiments were carried
out to determine the effect of dehydration conditions for pine needles
on their lengthwise desorption shrinkage.

EXPERIMENTS

The needles for experiments were collected in September from pine
(Pinus silvestris L.) trees (5 years old) belonging in the artifical stand
to the faster growing trees. The forest belonged to Forest Experimental
Stations (FES) of the Poznan Agricultural University (Huta Pusta and
FES-Murowana Goélina). Two years old green needles were collected
from lateral near top shoots of three experimental trees. Immediately
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after collection the needles were put into foil bags and refrigerated at
about 5°C.

Total length of the needles at green state was determined on 50
needle cluster samples from each tree. The measurements were made
on one needle from each clusters with accuracy to 1 mm. Moisture con-

Table 1-Tabelal

Properties of P. silvestris needles in green state
Wtasciwoscei igietl sosny zwyczajnej w stanie Swiezym

Number of tree

Properties of needles Numer drzewa

Wiasciwosci igiet

|
— 7|‘ ] 1 | 2 | 3
;jzaglo;:ni?:;wita T ooy J 67 : 62 51
ﬁiﬂfﬁ: M (%) | 144 128 124
i
2:2::;;“) p (kg/m?) 394 416 443

*) mean from 50 measurements
**) mean from 3 neasurements

tent of green needles, i.e. directly after collection, was determined on
20 needle samples. The needles were dried at 103+2°C for 24 hrs. The
moisture content of the needles was related to their mass in ovendry
state. In density determinations bunches of 20 needles were used. Den-
sity was determined as, so called, basic density being a quotient of needle
mass in ovendry state and their volume in green state. The needle volu-
me in green state was determined with the method of hydrostatic
weighting.

The green needle parameters are given in Table 1. The total length
of the experimental needles is within the limit of mean length of pine
needles from Poland [16]. Variability of the length of the studied needles
is slight since the coefficient of variation for each tree is from 6%
to 9%. The green needle moisture content is also close to that from
ordinary and other pine species [9, 10, 15] taking into account the needle
moisture content Varia*bd-lity depending on the season and time of
a day [1]. The mean basic density of the studied needles is comparable
to that found for this species from other studies [8].

The degree of desorption shrinkage of needles along the main axis
was determined on 20 mm samples cut from the middle part of the
needles. Dehydration of the needles was carried out in the air of very
high relative humidity (RHo985%), in the air of relative humidity close
to normal (RH265%s), in the air of very low humidity (RH=230%0) and
in the completely dry air (RH=20%0). To do this saturated water solutions
of potasium chloride (KCl), sodium nitrite (NaNO;) and calcium chloride
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(CaCly,) were prepared which secured appropriate relative humidity of
air over their surfaces. Needles drying to completely dry state were
placed over anhydrous phosphorous pentoxide (P;0O;). Desiccators with
needle samples were stored in incubator at 25°C. Kinetics of dehydra-
tion of needles in these conditions is illustrated at Fig. 1. Generally the
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Fig. 1. Course of dehydration of pine needle samples in the conditions of various
relative air humidity at 25°C

Rys. 1. Przebieg dehydratacji igiet sosny zwyczajnej w warunkach réznej wzglednej
wilgotnoéci powietrza w temperaturze 25°C

needle samples reach equilibrium moisture content the sooner the lower
is relative air humidity. In the proper experiments the time 60 days was
assumed after which the equilibrium moisture content is perfectly stable.
The equilibrium moisture contents of needles are given in Table 2. They
are slightly lower than the moisture contents of wood in the same con-
ditions of air humidity and temperature (e.g. [5]).

The length of needle samples in green state and after they reached
the assumed equilibrium moisture content was measured with a measu-
ring microscope with the accuracy of 0.01 mm. The degree of lengthwise
desorption shrinkage of needles was calculated from the relation
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B=(AU1)100 (%), where Al is desorptive shortening of a sample along
the main axis at drying from green state to assumed equilibrium moisture
content, and l is an initial sample length in green state.

RESULTS AND DISCUSSION

The degree of lengthwise desorption shrinkage of the pine needle
samples at dehydration to various equilibrium meoisture contents is gi-
ven in Table 3. The histograms of frequency distribution are presented

Table 2-Tabela 2
Equilibrium moisture content of P. silvestris needles dehy-
drated in different conditions at 25°C

Wilgotnosé rownowazna igiel sosny zwyczajnej poddanych
dehydratacji w réinych warunkach w temperaturze 25°C

‘ Equilibrium moisture

| Relative air humidity i content of needle
Salts controlling samples
RH in containers Wzgledna wilgotnosé Wilgotnos$é réwnowaina
Sole klimatyzujgce powietrza probek igiet
RH EMC
B B
KCl ~85 | 17.3 (16.8 ... 17.8)
NaNOQ, ~65 10.3 (10.0 ... 10.5)
CaCl, ~30 58 (5.5 .. 6.1)
P05 ~ 0 0.9 (0.89 ... 094)

Table 3-Tabela 3

Degree of desorption shrinkage of P. silvestris needles at dehydration to
different equilibrium moisture content at 25°C
Stopienn desorpcyjnego kurczenia sie igiet sosny zwyczajnej przy dehydratacii
do réznej wilgotnosci rownowaznej w temperaturze 25°C

Equilibrium

N — 1 Number | Statistical values
contt | of e Wielkosci statystyczne
Wilgotnosé Numer
réwnowazna drzewe n | x L . to | *m
Lk . number| b T
17.0(16.8...17.8) 1 24 0.25 0.05 0.92 0.13 0.03
2 25 0.23 0.05 ] 0.64 0.16 0.03
3 25 0.22 005 | o038 0.13 0.03
10.1 (10.0 ... 10.5) 1 I 25 037 0.14 0.96 0.18 0.04
2 25 0.31 0.10 0.58 0.13 0.03
3 25 0.30 0.10 0.97 0.18 0.04
60(55...6.1) 1 25 0.57 0.10 1.40 0.29 0.06
2 24 0.49 0.20 0.81 0.15 0.03
| 3 25 0.53 0.29 0.77 0.12 0.02
1.0 (0.89 ... 0.94) 1 25 0.98 0.30 1.66 0.35 0.07
2 24 1.00 0.48 1.62 0.28 0.06
3 25 0.89 | 0.29 1.27 0.21 0.04
n — replicate measurements. ¥ — mean value, Totis minimum vwvalue, x gy

maximum value, *¢ — standard deviation, * m — standard error of the mean
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in Fig. 2. Differentiation of the values for mean degrees of lengthwise
shrinkage for given conditions of dehydration of needles from different
trees is very slight. However, it is worth-while noticing high coefficient
of variation of the degree of shrinkage of needles from the same sample.
It amounts to V=20% at the equilibrium moisture content of EMC=1%,
V=35% at EMC=6%, V=50% at EMC=10% and V=60% at
EMC=17%,.

H RH = B%%

Froquency, + (%)

.

,6 1,8

g U,2 0,4 0,6 0,8 1,0 1,2 1,4 1
Shrinkage, p(’s)

Fig. 2. Histogram of the lengthwise shrinkage of pine needles dehy-
drated with various relative air humidity at 25°C

Rys. 2. Histogramy rozkladu czestosci stopnia desorpcyjnego kurczenia
sie igiet sosny zwyczajnej w warunkach roinej wzglednej wilgotnosci
powietrza w temperaturze 25°C

The maximum degree of lengthwise shrinkage of the pine needles at
drying from green to completely dry state is on average about 1%. The
maximum desorption shrinkage for needles of other pine species is from
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0.6%0 for P. ponderosa and P. nigra to 2.7% for P. strobus and P. cembra
[9, 10]. With respect to the degree of the maximum shrinkage the P. sil-
vestris needles are in the group of species with low lengthwise shrin-
kage[é].

During drying the needles to higher equilibrium moisture content
their degree of lengthwise shrinkage is appropriately lower. A complex
relation between relative air humidity (RH), equilibrium moisture con-
tent of needles (EMC) and their degree of lengthwise shrinkage (f) is
given in Fig. 3. The relation between the equilibrium moisture content
of needles and the degree of their lengthwise shrinkage (Fig. 3b) is
clearly curvilinear., From this relation results that lengthwise desorption
shrinkage of needles drying to the equilibrium moisture content of
about 10% is relatively slight and only below this value it increases
considerably. This is confirmed by the values of, so called, shrinkage
coefficient calculated for each moisture content intervals from the re-
lation

__ 4B
" AEMC’

In the moisture content range from 17% to 10% this coefficient is only
0.01, in the interval from 10% to 6% it increases to 0.05 and in the
interval from 6% to 1% it reaches 0.09.

The degree of lengthwise desorption shrinkage in plant tissues de-
pends on their chemical composition and on the structure and ultrastruc-
ture of anatomical elements. The structural elements deciding about
moisture deformations of needle samples are the elements of conductive
tissue. The needle conductive tissue creates fibrous core (axial cyllinder)
located centrally along the main axis which in scots pine consists of
two vascular bundles containing phloem and xylem separated with cam-
bial tissue [7, 10]. The percentage of the axial cyllinder in the area of
cross-section of P. silvestris needle is about 30% [8]. The desorption
shrinkage of the needles is probably a resultant of shrinkage of wood
and phloem in the phloem-xylem bundles. Besides the axial cyllinder
also the sclerenchymatic cells of hypoderm, fibrous sheath of resin ca-
nals and epidermal cells can participate in forming of desorption defor-
mations.

The maximum lengthwise desorption shrinkage of pine needles is
much greater than the longitudinal shrinkage of mature wood which
is usually from 0.1% to 0.3% (e.g. [14]). It is comparable to longitudinal
shrinkage of juvenile wood (core wood) which is from 0.4% to 2.5%
[4, 6]. Increased lengthwise shrinkage in the juvenile wood is related
to great fibril angle in the S, layer of the secondary cell wall. In the
proper mature wood this angle is small. However, in the juvenile or
compression wood the fibril angle increases to 45 and more degrees.
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Since higroscopic changes in dimensions take place at the right angle to
the fibril axis then the resultant of shrinkage along the cell axis (along
the grain) increases with increase in the fibril angle [22, 23]. The fibril
angle in the walls of tracheid cells and of phloem fibres of needle axial
cyllinder should be relatively higher than that mature wood. However,
this is only a hypothesis based on the results of lengthwise desorption
shrinkage of needles. This hypothesis seems to be confirmed by the stu-
dies into the structure of fibrous elements of secondary phloem [17 - 20].
But it is only an indirect confirmation since there are no, to the author’s
knowledge, data on ultrastructure of wood and phloem cell wall in vascu-
lar bundles of needles.

CONCLUSIONS

1. The sample of P. silvestris needles dehydrated in air at 25°C and
different air humidity of 85%, 65%s, 30% and ca. 0% reach the equili-
brium moisture content of 17%e, 10%s, 6% and 1%, respectively.

2. The degree of lengthwise desorption shrinkage attributed to each
equilibrium moisture contents is 0.2%0, 0.3%, 0.5% and 1.0%, respecti-
vely.

3. The relation between the equilibrium moisture content and the
degree of lengthwise shrinkage of needles is curvilinear. In the interval
of the equilibrium moisture content from 17% to 10% the shrinkage
coefficient for needles is only 0.01, in the interval from 10% to 6% this
coefficient rises to 0.05 and in the interval from 6% to 1% it reaches
0.09.

4. The maximum lengthwise desorption shrinkagee of P. silvestris
needles is much greater than the corresponding degree of shrinkage of
mature wood. However, it is comparable to lengthwise shrinkage of ju-
venile wood.

5. The magnitude of lengthwise desorption shrinkage of needles seems
to indicate that the fibril angle in the secondary wall the elements
of xylem and phloem in vascular bundles of needles should be relatively
high.
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WPLYW DEHYDRATACJI NA PODLUZNE KURCZENIE SIE IGIEL SOSNY
(PINUS SILVESTRIS L))

Streszczenie

Oznaczano podluine kurczenie sie igiel sosny sezonowanych w temperaturze
25°C do wilgotno$ei réwnowagnych wynoszacych: 17%, 10%,, 6% i 1%. Odpowiada-
jacy tym wilgotnoéciom stopieni desorpcyjnego kurczenia sig wynosi: 0,2%, 0,3%,
0,5% i 1,0%. Zalezno$¢ miedzy wilgotnoscia réwnowazng a stopniem podiuinego
kurczenia sie igiel jest krzywoliniowa. Podiuine kurczenie sie igiel jest znacznie
wieksze od odpowiedniego kurczenia sig prawidiowego drewna dojrzatego, ale jest
poréwnywalne z podiuznym kurczeniem sig drewna mtlodocianego.

Adres autora
Doc. dr hab. Lidia Helinska-Raczkowska
Akademia Rolnicza w Poznaniu
Katedra Nauki o Drewnie
80-627 Poznan, ul. Wojska Polskiego 38/42




