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Cl la~lgcs ill l l ic conlcnt o f  l ign in and its pa r l i t i o~ l i r l g  insitlc rllc o r g n ~ l i s l i ~  o f  I'icetr trliic,.\. ( L . )  Karst. wcrc stutlicd ill all 
alkalizctl c n v i r o n ~ l i c ~ ~ t  0.5 k ~ n  NM' o f  thc ccnlcllt p l a ~ l t .  T'lic a l ka l i~ l c  dust (p1M = 12 .3  12.7) c ln i l lcd l ' ro~n tllc i~ l t lust ry  Sor ovcr 
30 ycars brougllt about a lka l izat io~l  ant1 c l l a ~ ~ g c s  ill tllc c l lc~ i i ica l  co~ l lpos i t i o~ l  o f  rllc soil. g rou~ id  \v;llcr : l r~d [ ~ r c c i p i l a l i o ~ i  on tllc 
arca slrldicd. 

Strcss irlduccd by  alkal izat io~i o f  tllc c l lv i ro l l~nc~l t  rcsulrctl ill cl~aligcs o f  l i g ~ l i t l  par l i f io~ l i l ig  ill Norway sprucc. An incrcasc ill 
thc l igo in contcrll ill l l lc c~ccdlcs up to 16- 20% and in  tllc roots, stclils arltl slloots up to 5 -  13% Lvcrc obscrvcd i l l  pol lutcd Irccs. 

Rcgrcssiol~ a~ialysis sllowctl a linear rclatio~lsllip bc lwcc~i  l igni l l  (L) a c c ~ ~ ~ l l ~ l l a t i o ~ l  and tllc contcnt o f  N and K in  lrccs growing 
undcr non-pollulcd co~ id i t i o~ is  (R',,, = O.Xl.5, R',,, = 0.535). 111 addition to N and K d c p c ~ i d c ~ ~ c c  o f  l ign in accuniulat io~l 011 P, Ca, 
M g  a ~ l d  S co~ltcnts was cstablisllcd in  sl~.csscd lrccs ( R ' , , ,  = 0.984. RJbCa = 0.846, R )  IF = 0.506. R2,-,s = 0.630). 

Tl lc growl11 o f  spl-uccs was i i l l l ihi lcd a ~ l d  a ncgativc corrclatioll bc twcc l~  (lie slloul a11d llccdlc l c ~ l g l l l  a11d tllc l i g n i ~ i  contcr~t 
ill tissucs was cstablislictl. 

Kcy words: acid-irrsolublc l igl i i l l ,  ;~lk;il izcd C I ~ \ , I ~ ~ I I I I I C I I ~ .  Norway sprucc, ~ iu t r i c r~ ts .  l ~ a ~ t r t i o ~ l i ~ ~ g .  

Introduction 

Deviations in the growth and dcvclopmcnt of' for- 
est trees due to prolonged air pollution cause mainly 
negative changes in the total bioproduction. A good 
understanding of the lneclianism of air ~ ) o l l ~ ~ t i o n  inir);lct 
on forest ecosysteln is necessary from biological ant1 
economic aspects. Problems connected with lignifica- 
tion of woody plants and changes i n  the contcnt of 
ligiiin, the main co~iiponent of cell walls, in trees under 
air pollution impact are important in wood quality for- 
mation and in forestry in general. 

Lignins being tlie most abundant products of plie- 
nylpropanoid n~etabolism in woody plants only next to 
cellulose approximately comprise 25% of the terrestrial 
biomass (Boudet et al., 1995). They are a significant 
component and incrcase tlie strength of the cell walls. 
TIie mean lignin content of wood is generally i n  tlie 
range of 15-35% of the dry matter (Iligushi, 1981). 
Lignin is also present in leaves where i t  amounts up to 
10% (wiw) in oak and beech a ~ i d  about 5%) (wlw) in the 
~ieedles of spruce (Mikeshe and Yasuda, 1977). Lignin 
incorporation renders plant cell walls mechanically rig- 
id and water repellent and lignification plays a role in 
the protection of plants from pathogens (Marscliner, 
1986), UV-light (Doke et al., 1994) :uid other unfavour- 
able factors (Chapin, 199 1). 

Lignin exhibits a great deal orvariation in its chern- 
ical composition and physical properties (Ziegler, 1997). 
Lignin co~iiposition varies not only between different 
species, but also between different plant organs and 
even in different layers of tlie cell (I'olle et al., 1997). 

Studies by Polle, Ottcr ant1 Sandermann (1997) 11ave 
shown that tlie lignin contcnt in plant tissues is not 
constant and changes in the lignin concentration de- 
pend on the physiological statc of the organism arid on 
several external conditions. T'roduction of lignin in 
plants is not only a constitutive, developrnentally con- 
trolled process, but i t  represents also a flexible ~ileta-  
bolic response to external stress factors. Often struc- 
tural and extracell~~lar stress lignin is distinguished (Zie- 
gler, 1997; Polle et al, 1997) and large structural varia- 
tions i n  these anomalous lignins have been reported 
(Monties, 1989). 

Tllus nutrient stress, water stress, heavy metal 
toxicity and pollutants that have their rnajor direct iln- 
pact on the growth can be expected by changing con- 
centrations of lignin and other secondary nietabolites 
(Cliapin, 1991). Changes in tlie content of secondary 
metabolites in plants as a response to gaseous phyto- 
toxic acidic typcs of pollutants such as SO,, NOx, 0, 
ctc. have been repeatedly observed (Yee-Meiler, 1974; 
1978; Sandermann et al., 1989; Kainulainen et al., 1995). 
Research conducted on the effects of alkaline types of 
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pollutants on plants is i~isufficient ant1 no information 
is available on tllc effccts of industrial alkaline dust and 
ash emitted from building materials intlustries, oil-shale 
open-cast mining and processing, chemical industries 
etc. on the lignin contcnt and lignification processes. 
'The problem is intcrcsting because a rise in pH anti in 
the content of Ca and K in thc cell wall compartiiicnt 
favours the oxidation of phenolics and csterification 
wit11 cell wall carbohydrate polymers (Heath and Cas- 
tillo, 1987). In our opinion, an external increase in pl~l 
might bc a factor stimulating the lignification of 11-ees. 

The aim of the present work was to find out whetli- 
er long-term alkaline air pollution from thc cement in- 
dustry in Northeast Estonia has :In effcct on the lignin 
and nutrients partitioning in Norway spruce (I'icco 
nbics (L.) Karst.). In the present study an attempt was 
made to cliaracterize changes in the rclationsllip be- 
tween the lignification and ~nineral nutrition of trces and 
bioclie~iiical approaches were uscd to explain the impor- 
tance of mineral nutrition in lig~iification processes. The 
results of the presented study will hopefi~lly contrib- 
utc to a better u~idcrstanding of stress tolerance of 
conifers and also tlie clia~igcs in wood quality under 
air pollution inapt. 

Materials, metllotls and growth coriclitions 
of trees 

The investigations were carried out on the tcrrito- 
ry affected over 30 years by a cement plant in the town 
of Kundn (59"30'N, 2 6 9  I ' E), Northeast Estonia. The 
sample plot as situated at the distance of 0.5 kni NE from 
the emission centre and tlie control sample plot was 
located in similar climatic conditions on a relatively 
unpolluted area in the Lahemaa National Park (59"3 1 '  
N ,  26"OO' E) at a distance of about 34 km W. 

Peculiarities of tlie gro~r)tlt conditions of the trees 
The e~nission from the cement plant during the in- 

vestigation period (1 990-1 996) contained 87-9 I%] of 
technological dust and 9-13% of gaseous pollutants 
(SO,, NOx, CO etc.) (Mandre et al., 1994). 'The main darn- 
aging factor to trees on the investigation area is ap- 
parently the dust from the electric filters. I t  contains 
many components, among which the following are prc- 
dominant: 40-50%) CaO; 12-1 7% SiO,; 6-9% K,O; 4-8% 
SO,; 3-5% A1,0,; 2-4% MgO; but also Fe, Mn, Zn, Cu, 
B, etc. occur (Raukas, 1993). The water solution of dust 
from electric filters had pH values from 12.3 to 12.7. The 
dust emission froill the ccment plant was extremely high 

in 1990-1 992 being 80-1 00 kt pcr year (Keskkond '90, 
199 1; Estonian Envii-onmcnt 1991, 1991; Estonian Envi- 
ronment 1995, 1996). In 1993-1 996 the emission of ce- 
ment tlust from tlie plant decreased notably owing to 
the installation of efficient filtcrs and amounted to 15- 
70 kt per year. The high dust concentration in the air 
for over 30 years has brought about alkalization and 
changes in chemical co~i~posi t ion  of the soil, ground 
water and precipitatioli i n  this area. At a distance of 0.5 
km from the cemcnt plant, the pI~l of the soil ranged fi-om 
7.6 to 8. I, tlic p t l  of rain water \v:ls between 7.6 anti 8.2 
and that of snow melt 10.1-1 I .O i l l  different ycars. In 
the vicinity of tlie cenlent plant thc concentrations of 
Ca, K, Mg, S and other elements prcclominating in the 
dust arc extremely high in thc upper layers of the soil 
and in precipitation-as a consequence of the emission 
of dust for several decades. On the control arca the pH 
value of the soil humus horizon was froin 2.9 to 3.3, that 
of rain water 5.6-6.6 and snow water 6.3-6.6. 

Sarrrple plots arrrl plarrt r~rntcric~l 
Sti~dics in thc ficltl cxpcrimental sample plots in the 

vicinity of the emission sourcc 2nd in iinpolluted area 
begin from 1990. In May 1990,40 two-year-old gcncti- 
cally similar and liornogeneous in habitus seecllings of 
Norway spruce were planted in our sample plots. 

After four years of growtll on sample plots 6-10 
trccs wcrc cxcavatcd and the roots, stems, shoots, nee- 
dlcs o f  shoots and stems were separated before but1 
break in late April-early May 1994. All the organs of 
each investigated tree were carefully cleaned, cut into 
small pieces and mixed. Mixing is assumed to reduce 
the effect of variation in biochemical content along the 
organs of tree (Wood and Bachelard, 1969) and individ- 
ual variability of the trees (Linder, 1972). Plant material 
was dried at 105 "C for the asscssmcnt of the content 
of lignin and mineral elements. 

C I ~ e ~ t i c n l  arrd statistical analj~ses 
Lignin was deter~iiined following tlie recommenda- 

tlons of Arasimovich and Ermakov ( A p a c r ~ b ~ o s b ~ ~ ~ ,  
Ephla~os ,  1987). Van Socst (1987) and Monties (1989). 
The method is baseti on acid treatments, which leaving 
an insoluble residue, and thc weighed as acid-insolu- 
ble lignin (hereafter called 'lignin') after complete solu- 
bilization of the samplc. Thc procedure for acid-insolu- 
ble lignin content in different organs of spruce calls for 
extraction of ground dried material with acetone (100%), 
ethanol (96'X), etlianol-benzene solution (1 : 1, vlv) and 
water to remove sugars, proteins, interfering phenolics 
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and other soluble compounds. The extraction was re- 
peated several times until the solution remained colour- 
less. The residue was dried at 70 OC for 24 h. Acid hy- 
drolysis of the dried residue with 72% I-I,SO, was car- 
ried out to remove acid-soluble lignin and cellulose 
(Monties, 1989). lnsolr~ble residue was recovered by 
filtration on a glass crucible, carefully washed and dried 
at 70 "C for 24 h to constant weight (Precisa 205A SCS, 
Switzerland). After weighing the residue was ashed at 
525k2.5 OC and lignin was calculated after correcting for 
mineral elements content (Van Soest, 1987). The results 
for acid insoluble lignin were expressed as a percent- 
age of dry mass. 

The content of mineral elements in Norway spruce 
organs was determined in the laboratory of the Estoni- 
an Control Centre of Plant Protection. Nitrogen was 
analysed by the Kjeldahl method, sulphur with neph- 
elometric method with BaCl, by using spectrophotome- 
ter SPEKOL 1 i (Carl Zeiss, Jena) at 460 nm, phospho- 
rus with the help of the WPA Heliflow c0310 flow in- 
jection analyser and the concentration of metals (Ca, 
K, Mg, Mn) by using atom adsorption analyser AAA- 
1N (Carl Zeiss, Jena). 

The regression analysis and R-squared values and 
significance (p) of the relationships between the parame- 
ters and standard deviations from the mean were calcu- 
lated using the packages Statgraphics and MS Excel 5.0. 

Results and discussion 

Comparative analyses of trees from sample plot 
influenced by alkaline industrial dust and from unpol- 
luted area showed the essential influence of cement dust 
pollution on the lignin content and mineral coniposition 
in young trees of Norway spruce. Alkalization of the 
environment resulted in a long term impact of alkaline 
dust pollution complicated the processes of mineral 
nutrients and disbalanced nutrients composition in 
trees. Also the s t i~ni~la t ion of lignification in spruces 
on the polluted sample plot was established and great 
changes in partitioning of lignin and nutrients in dif- 
ferent organs of young spruces were observed (Table 
1 ,  Fig. 1 ) .  There were great changes in partitioning of 
lignin and nutrients inside organism. 

The alkalization of the upper horizons of forest soil 
alters the availability of several nutrients, and, obvious- 
ly owing to this, the content of N and Mn in spruce 
has fallen on the polluted area, while that of S, Ca and 
K has risen as colnpared with the control trees on the 
unpolluted area (Table I, Fig. 1). Total concentration of 

mineral elements was increased in polluted trees to 
about 35%, as compared to control. 

The relationship between the mineral nutrition and 
lignification are still not well understood. I-lowever, the 
role of several elements in the biosynthesis of lignins 
is to realize through enzy~natic regulation of the syn- 
thesis of phenolcarboxyl acids and other precursors of 
lignin (Polle et al., 1997). 

It is fairly clear that in case of  N deficiency high 
lignin and tannin contents may occur in plants (Mat- 
suyama, 1975; Flanagan and van Cleve, 1983; Padu et 
al., 1989). Our results confirmed this in spruces with 
lower N concentration, as compared to the control more 
lignin was synthetized. Regression analysis showed 
significant dependence of  the lignin content on the 
amount of N in the organisnl (Table 2). This phenome- 
non may be caused by competition between two meta- 
bolic pathways for the precursor phenylalanine, which 
is a common precursor of both protein and phenolics. 
Phenylalanine can either be incorporated directly into 
the growing polypeptide chain in protein synthesis or 
converted by the enzyme phenylalanine ammonia-lyase 
(PAL) into the phenolpropanoid metabolism. The high 
PAL activity is related to lignin synthesis and depends 
on the concentration of substrate (Padu et al., 1989). It 
is also possible that the fall in the phenylalanine con- 
centration in plants affected by cement dust (Mandre, 
1985) plays a role in the regulation of the PAL activity. 

Also several metallic ions, such as Ca and K are 
supported, affect the lignification process. It has been 
found by Wardrop (1971) that seedlings of Pirllrs fae- 
do grown under Ca deficiency show a higher level of 
lignification and an altered xylem anatomy whereas 
plants with a full complement of Ca exhibit a lower lev- 
el of lignification. This suggests that excess of Ca con- 
tent in tissues might retard lignification processes. Our 
results indicated high concentrations of Ca and K in 
the growth substrate and significantly increased the 
concentrations of  these elements in young spruces in 
the close vicinity of the cenlent plant. After Wardrop 
(1971) high Ca concentrations in trees should retard 
lignification processes. However, our analyses yielded 
contrary results. Under the conditions prevailing in our 
sample plots the effect of  K, which usually stimulates 
lignin synthesis, may be a more important factor than 
Ca. K is needed for lignification through the protein and 
polysaccharide enzymatic processes and an increase in 
K content stimulates the lignification processes (Miid- 
la, 1989). An especially significant relationship between 
the contents of lignin and K (Table 2) in the trees grown 
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Table 1 .  Lignin and ~nincra l  nutrictlts contcnts in tllc tliffcrcnt organs of 6-ycar-old Picen ollics in 1994 (avcragc * SD of  
mcasurcments, n = 6) 

Sarnplc Organs Lignin, % N P K Cn Mg S M t i  TCM, % 

nlot o f t r c c  
mg g-' tng kg- '  

Control Root 

S t c n ~  
nccdlcs 

Slloot 
riecdlcs 

Pollutcd Root 

Shoot 

Stcm 
nccdlcs 

Slloot 
nccdlcs 

TCM - total eot~ccntrat ion of  111i11cral c lcn~cnts  

Figure 1 .  Pcrcentagc from thc  
control of thc content of mineral 
clcnlents and lignin in diffcrent 
organs of young Norway spruce 
in thc arca affected by the cetncnt 
plant.  T h e  contcnt  o f  mincral 
elcrncnts and lignin in thc control 
trccs comprises 100%. Vcrtical 
l ines rcprcscnt the  staticlard 
tlcviations 

400 Lignin 

g 200 - 
O 100 - s 

0 4 
root stem shoot stern shoot 

1 80 0 
root stern shoot stern shoot 

needles needles needles needles 
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in the polluted sample plot was established. This al- 
lowed to point to the somewhat dominant role of K in 
the lignin fornlation in trees on the polluted area. Ilere 
we should take into account synergy of  K and Ca, 
which was pointccl out also by Heath and Castillo 
(1987), who showed that a rise in plI and i n  the con- 
tent of Ca and K in the cell wall compartment favour 
the oxidation of phenolic substances, esterification with 
cell wall carbohydrate polymers and lignification (IIeath 
and Castillo, 1987), which might be due to the impact 
of the alkaline dust deposited. 

Mn concentration in Norway spruce in a polluted 
area is 30-50% lower than in the control (Fig. 1 ) .  I'ak- 
ing into account the importance of Mn in peroxidase 
activation, mediating the lignification processes (Polle 
and Chakrabarti, 1994) it is possible to suppose that Mn 
deficiency may retard biosynthesis and accumulation of 
phenolic compounds. Also a sharp rise in the lignin 
concentration in spruce under Mn deficiency is diffi- 
cult to interpret on the basis of information available 
in the literature presently. Although the function of M n  
as a stimulator of peroxitlases which plays a role in the 
control of stress-induced and normal developmental lig- 
nification has becn established by many autliors (Rubin 
and Jensen, 1985; Polle and Chakrabarti, 1994; Polle et 
al., 1997), we found no relationship between Mn and 
lignin accumulation in spruce. Functional cl~anges due 
to Mn shortage deserve special attention in further in- 
vestigations into stress tolerance of coniferous trees. 

In polluted trees the S content of needles is 2-5 
times higher than in the control, which is rellected by 
the increased availability of from the alkalized 
environtnent. Regression analysis has shown the de- 
pendence of tree lignification on S not in the control 
sample plot but in an  alkalized area (Table 2). Siliiilar 
relationship was established between the lignin and P 
contents in polluted sample plots. 

Table 2. Relationship bctwccri 
the contcnts of lignin and nutri- 
cnts i n  young Norway spruce i n  
pollutcd and control arcas. TIic 
analysis was carricd out using 
data of lignin ant1 mincral clc- 
mcnts in roots, stcms, shoots, 
needles of stc~ns anti shoots and 

' .  " 

Frorn these facts it can be concluded that single 
nutrient elements have a unidirectional influence on lig- 
nification of trees and currently we have to place em- 
phasis on the syncrgistic effect of different nutrients 
on the lignification. 

Alkaline dust deposited on trees a ~ i d  alkalized 
growth substrate cause not only serious deviations in 
the content of mineral elements ant1 lignin in Norway 
spruce, but also in their partitioning between organs. 
In comparison to tlie young trees growing in the con- 
trol sample plot, the content of Ca ancl K was extreme- 
ly high in all organs, while that of P and B was higher 
in ncedles and lower in roots. A drastic decrease in the 
content of N and Mn was found in all organs of the 
trees investigated (Fig. I). Also tlie contcnt of lignin 
v:lricd in different plant organs. Thus, the mean lignin 
content in roots, stems and slioots in young trees 
amounted to 23-26'% and in needles up to 10% of dry 
weight. In the alkalized conditions under dust pollution 
the lignin contcnt and its partitioning in organs had 
changed, being 120-127% higher in the pollutetl nee- 
cllcs, in the stems, shoots and roots about 7-1 1% higher 
than in the control trees (Fig. I). 

Evidence has becn obtained that N shortagc and 
L3 and K excess stimulate accumulation of lignin in or- 
gans. Our research has shown that the relationships 
between tlie content of l igni~i and nutrients devclop- 
ing under stress may differ notably froin those ob- 
served in trees growing in optimal conclitions ('Table 2). 
In the stress conditions the dependence of lignin ac- 
cu~nulation on N,  K and B concentrations increased. In 
addition, significant dependence of lignin accumulation 
on Mg, Ca and P contents was observed, which was 
not detected under optimal conditions. 

It is generally known that in case of l igni~l forma- 
tion and lignification of trees biochemical transforma- 
tion takes place and the growth stops. Growth and lig- 
nification vary in opposite directions in response to 
alkaline air pollution inipact. Increased and premature 
lignification would therefore linlit the extension of cell 
walls ancl consequently plant growth. The height 
growth of young Norway spruces in the region under 
alkaline air pollution impact was restrained about 45% 
and it differed co~~siderably from that in the control area 

averagea as a Incan conrcnr or 
whole trccs. Rcgrcssion analysis 
(11 = 15) was conducted and tlic 
R-squarcd valucs at a signifi- 
cance level p < 0.05 werc calcu- 
lated using MS Exccl 5.0 

S 

0.457 

0.630 

Paranleler 

L.ignin 

Variant 

Control 

Pollulctl 

N 

0.815 

0.970 

P 

0.344 

0.984 

K 

0.535 

0.934 

Ca 

0.468 

0.846 

Mg 

0.02 18 

0.596 
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(two-way /-test showed differences at < 0.01 lev- I l i g r ~ s l l i  T. 198 I .  13iosyrltllcsis o f  l ip l i i l i .  111: W. Tarincr n ~ i d  
F.A. Locwus ( l ids.),  P l a ~ l t  Carbol iydralcs. Ii. l ix t rncc l lu-  

el of significance) (Mandre and Ots, 1995). Iar Carbollytlrntcs. Spri t igcr Vcrl;ig. I3crliri. pp. 194 224. . ~ 

K a i r ~ r ~ l a i n c n  P., I l o l o p a i ~ ~ c n  J.  K .  a n d  O k s a n c n  J. 1995. 

Conclusion I l f fccts o f  gascous air ~ ~ o l l u t a ~ l t s  o ~ i  secondary cl icmistry 
o f  Scots pirlc ant1 Norway sprucc seedlings. tlqrler; /fir: Soil 
/ 'O/~ll/., 45: 1393 1398. 

To sum up ,  it was indicated that untler extretnely K c s k k o ~ l d  '90. 1991. ~ a l l i r l ~ l ,  97 pp. ( i n  I 's tor i ia~~) .  . . 

complicated environmental conditions, Llnder tile iml,act L a l  R. a n d  A n r b a s l ~ t  R .  S. 1982. Inipact o f  c c ~ n c ~ i t  dust on 
tllc ~ i i i r ~ c r a l  ant1 cncl-gy co~iccr l t rn l ion o f  P.~idirrrrr grrtr!.cr- 

of alkaline dust pollution and alkalization of growtli 
IYI. I;rivirori. ~ o l l u t . .  A 29: 241 247. 

substrate. serious deviations occur in linnification and I , i ~ ~ d e r  S. 1972. Scaso~ial variat ion o f  p i g ~ n c ~ i t s  111 riccdlcs. A - 
lignin partitioning. The relationship between the avail- study o f  Scots pint arid Norway  sprucc sccdl i~ igs grown 

under dif fcrcr i t  tiurscry cotidi t ions. Stud. for. succ, 10: 5~~ 
ability of mineral nutrients and lignification processes 3 7 .  
strengthened under environmental stress. Changes i l l  R' la~rd rc  R'1. 1985. Tai~ncdc b iokccr i~ i l isc  scisurrtli I i i r l ~ l a ~ i g .  L i i ~ i i -  

the content and partitioning of lignin indicate qualita- ninst ikair icval~ct~rs tai~i icdcs [ l i s t i ~ i i n t i o ~ i  o f  h ioc l ic~ i i ica l  
stalc o f  p la~i ts .  Nitrogen mctnbol is~ i i l .  111: M .  Maridrc (Ed.), 

live variations in wood and, thus, the significance of Tai~ i ic t lc  fiisioloocilis-biokcc~nilil iric scisulltl Ku~ ldas  1984. a. 

the problem from the standpoint of forestry and espe- I. Dckorat i iv ta i~ i ic t l  j a  pd l lukul tuur id  I.'l.lic I ' l~ysiological 
ant1 I ~ i o c l i c ~ i i i c a l  Statc o f  Plants ill Kuntla I 9 8 4  I .  Orria- cially in relation to pulping technology. 
nicntal and Agricultural P la~ i t s ] .  Rcport i n  Tal l int i  I1otnri- 
ical Gartfcri, Ta l l i~ l r l ,  pp. 51-57 ( i l l  I;stc~tliari). 
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